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MDP Databook

This databook has been collated to be an initial version of the folder that all practical engineers have above
their desk containing copies of useful, 'must not be forgotten’, information. The data included has either been
collated by the MDP team or reuse has been with the originating companies/authors. (The copyright remains
that of the originator) It should be noted that although all best efforts have been made to ensure that the
information is correct the user is recommended to check the data before it is used on a critical project. Where
possible, hot links have been included from the individual sub-topic indexes to the originators/contributing
companies website, all of which include extensive additional data.

For more information about the project please visit the MDP website at http://www-mdp.eng.cam.ac.uk/ or
contact :

Dr. Peter Long Prof. Alex Slocum

Cambridge University Engineering Department Massachusetts Institute of Technology
Trumpington Street, 77 Massachusetts Ave.

Cambridge. Cambridge

CB2 1PZ. USA

e-mail: pjgl2@eng.cam.ac.uk e-mail: slocum@mit.edu

tel: +44 (0) 1223 332779 tel: +01 617 253 0012

The
Cambridge-MIT
Institute

The Cambridge-MIT Institute (CMI) is a pioneering partnership between Cambridge University and the
Massachusetts Institute of Technology (MIT). It was set up in 2000 to enhance the competitiveness, produc-
tivity and entrepreneurship of the UK economy by improving the effectiveness of knowledge exchange between
university and industry, educating leaders and developing programmes for change in universities, industry and
government.

CMI focuses primarily on business, competitiveness, research and education, and developing strong relation-
ships between these areas.

Students, for example, benefit from CMI development and delivery of unique educational programmes for
undergraduates, graduates and executives working in industry, including an undergraduate student exchange,
an undergraduate research opportunities programme (UROP), CMI Enterprisers entrepreneurship programme
and several master’s degree programmes.

Contact Details :

Cambridge-MIT Institute website :- http://www.cambridge-mit.org

CMI

o . CMI
University of Cambridge

I MIT

10 Miller’s Yard

. Room 8-403
Mill Lane
Cambridge 77 Massachusetts Avenue

Addresses:- CB2 1RQ Cambridge MA 02139-4307

UK USA

Tel. +1 617 253 7732

Tel. +44 (0)1223 327207 Fas. 1 617 258 8539

Fax. +44 (0)1223 765891
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Instrumentation/OMEGA

LEOMEGA”

The charts/tables are taken from Transactions published by OMEGA. (Copies are included in the library
section of the MDP resources) The Omega website, http://www.omega.com, contains extensive additional re-
sources and data.

(©1998 Putman Publishing Company and OMEGA Press, LLC. Reproduced courtesy of Omega Engineering,
Inc., Stamford, CT 06907 USA www.omega.com.

Pressure & Load Measurement

Figure 1: Electronic Pressure Sensor Ranges

Figure 2: Vacuum Gauge Measurement Ranges




Instrumentation/ OMEGA

Mechanical Cells
Hydraulic Up to
¢ 10p,000,000 b
Pneumatic Wide
Strain Gage Cells
Bending Beam 10-5,000 lb
Shear Beam 10-5,000 lb
Canister 0 500,000 b
Ring and Pancake 5-500,000 |b
Button and Washer | 0-50,000 b
0-200 Ib typ.
Other Types
Helical 0-40,000 |b
Fiber Optic
Piezoresistive

0.25%

High

0.03%
0.03%

0.05%

1%

0.2%

01%

0.03%

Tanks, bins and hoppers
Hazardous areas

Food industry, hazardous areas

Tanks, platform scales

Tanks, platforms scales,
off-center loads

Truck, tank, track, and hopper scales
Tanks, bins, scales
Small scales

Platform, forklift, wheel load,
automative seat weight

Electrical transmission
cables, stud or bolt mounts

Takes high impacts,
insensitive to temperature

Intrinsically safe
Contains no fluids

Low cost, simple construction

High side load rejection, better
sealing and protection

Handles load movements
All stainless steel
Small, inexpensive

Handles off-axis loads,
overloads, shocks

Immune to RFI/EMI and
high temps, intrinsically safe

Extremely sensitive, high
signal output level

Expensive, complex

Slow response .
Requires clean, dry air

Strain gages are exposed,
require protection

No horizontal load protection
No load movement allowed

Loads must be centered, no
load movement permitted

High cost, nonlinear output

Flow Measurement

Figure 3: Load Cell Performance

5
Orifice (plate or integral cell)| | ¥ H{v|R31® |20 gon—mivle @
Segmental Wedge v V| 3® A | 205 gpm—m'/he
V-Cone Flowmeter v v s 3t01?| M | 25 sonse e
Target Meters v Al v|sR 1 M| 205 Bnw ©®
Venturi Tubes v H|V|sR 312 M| 15/5 g O
Flow Nozzles v H| Y| 3® A | 205 KL=t
Pitot Tubes v M V|32 M0 oL
Elbow Taps v M|V [sR 31? N | 25710 Sosn/nD
___________ =

Laminar Flowmeters v Vv m® s LRt
Magnetic Flowmeters VINYIV30a? N s gpm—m'/hr
Positive Displacement 7 DV 010 | M| N A
Gas Meters 2001
Positive Displacement v [mlsplv 10a? | AN /i
Liquid Meters

. ® gpm—m’/hr
Turbine Flowmeters AR AR IRAR AN A | 15/5 FM—Sm’/hr
Ultrasonic Flowmeters
Time of Flight VI VN[V |Y e N | 2075 g @
Doppler AR AR IRAE AR N | 20/5 FM—Sm'/hr

' /hi
Variable Area (Rotamater) AV |V 01 M|N RSt /e
Vortex Shedding D v Aa[v]v0n® | A s T
)
Fluidic Oscillation (Coanda) v A[v|vIina® | H |20 A /b
Mass Flowmeters Coriolis | v/ N[V ¥ | 201 M/ZH| N T L2
Mass Flowmeters v SD| N[V |V 2012 | M |20/5 e
Thermal Probe FM—Sm’/hr
Solids Flowmeters D V|V s1t0801 | - |53 [e——
Weirs, Flumes M|V [sD1001 | M|an Ry
___ ~NonstandardRange  © =The data n this column s for general guidance only: © =Varies with upstream disturbance.
L = Limited = Inherent rangeability of primary device is substantially greater than shown. Value used reflects  © = Can be more with high Reynolds number services.
5D = Some Designs lmitations of differentia pressure sensing device when 1% of ate accuracy s desired. With - up 01001,
lltiple-range in ent i ility can reach 10:1.

® = More for gas turbine meters.

© = Higher and lower flow ranges may be available.
Check several manufacturers.

@ =Pipe size establishes the upper limit.
@ =Practically unlimited with probe type design.

SR = Square Root

Figure 4: Flow Sensor Measurement Ranges/Operation
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SQUARE ROOT SCALE: MAXIMUM SINGLE RANGE 41 (Typical)*
Orifice E

Square-Edged 215 (40) I v x ||| x| 2 x| 2 x| x| x|sp| 2| V| V| x| 2| X| £14% URV R10,000 g £T
Honed Meter Run 0515(1240) || V|X ¥ |V|¥|2]2/X 2 |X X|X|sD| 2| V|V|X| ?|X| £1%URV Ry»10,000 2 s=
Integrated 05(12) VXYYV X 2 X| 72| X|X|sD[ 2| ?| X| X| ?| X|£2:5%URV Ry 10,000 g 28 I
Segmental Wedge a2(300) IV v v 2 x| 2] 2(spl 2| v V| X| 7| X| £05% URV Ro»500 2 o=
Eccentric 22(50) 22| v|v|v|2]x|2[2]2|x 2| x|s0| 2| V| V| x| 2 x| £24%URV Ro»10,000 2

Segmental 4(100) 22|V (v |v ]2 x[2]2]2|x| 2| x[sD| 2| V| V| X| 7| X| £24%URV Ry»10,000

V-Cone 05-72(12-1800) || V| 7|V |V |V|2 V2|2 X[ 2|2 X| 7| 2] 2 X| ?|X| 051% of rate Ro:8,000-5,000,000 | 700 (370) | 4600 (4100)
Targettt+ «05(12) A vv|v|v[v]2 Vv 2 x x| x| 2| x| 2| 2| x| 2| x| £0.55%URV Ry 100 g.32
Venturi 22(50) v v iv v 2 x| V] 2| x| 2| 2] 2| x| 2| X| £052% URV. Ry » 75,0008 2oEs ——
Flow Nozzle 22(50) A v[2|v v [y x 222 x x| x| x| 2] 2| 2| x| 2| x| 2% URV Ry 50,000 33:5 2E
Low Loss Venturi 3(75) IV X[ v x| 2 x v x| x| X x| 2| 2 2| x| 7] x| £125% LRV Ry 12,800 §§.§§ §§
Pitot 3(15) X| VX V{v X[ 2 X[ 2 x | X[ X|X]|X| 2] 2] X| X] X| £3-5% URV Ry 100,000 g%gg =%
Averaging Pitot 1(25) Y| v|sv ||V x| 2502 | x| x| X|sD| x| 2| 2| X|X| X| £F2%URV Ro> 40,000t I
Elbow »2(50) X| V| 2|V X[2] 2] 2 x| X| X[ V| X| 2] 2] X| 2| X| £510%URV Ro» 10,000t
Laminar 025166 (6-400) | ?| Y| X |V ||V |V |7 X[ 2 X X| X X| /| X| X X| X| X +1% of rate Ry <500 150 (66) | 30 2x5)
LINEAR SCALE TYPICAL RANGE 10:1 (O better)

Magnetic* 0172251800 [ X| X | X X [X [V [2 [V [V [ [V [V[V[¥ [V 2] X[ 2] 2] 2] Z05%of rake Ry 4,500 360 (180) £1500(10,800)
Positive Displacement

Gas <12(300) x|V x| 2 v x x| x[x x x| x| x| x| x| x| x| x| x| x| +%ofrate - 250 (120) £1,400 (10,000)
Liquid a2(300) X[ x| x X % |v|v |2 x| 2| x|[x| x| X|X| 2| X| x| x| x| +05%of rate NoR limit £ 8,000 cS| 600 (315) | £1400(10,000)
Turbine

Gas 02524 (6-600) [SD| V| X |V | [X | X |X|X|X|X|X|X|sD|$D| 7| 2| x| x| 2| £05%of rate - -450-500 (268-260) | ¢3,000 (21000)
Liquid 02524 (6-600) | X| X X |X X |V |X |?|X|? XX |D|sD|sD X| X| 7| 0.5% of rate Rp>5,000, ¢I5 ¢S -450-500 (268-260) | ¢3,000 (21,000)
Ultrasonic

Time of Flight 205 (12) X|SD|sD/sD(sD|v | 7|2 X |V |V |2|2|V|V|X ?|x|X|?| t1%ofratetof5%X URV | g/, 19,000 -300-500 (-180-260) | Pipe rating
Doppler 05 (12) X[ x| x| x |x x| 2|2 |v |V |[v|V|¥| V]| ¥ x| x| x| 2| x| £1%of rate tofASKURV | g , 4000 -300-500 (-180-260) | Pipe rating
Variable-Area (Rotameter] <3 (75) 2|V XXX 2X0 22 XXX 2|22 XXX E%ofrate tofTIO URV | No R, lmit,100cs | Slstnopog | clasoniy)
Vortex Shedding 1516(40-400) [¥| V|2 |V [V VX |2 2] 2| X X |X|X|X| 2| 2 x| x| x| 207515%of rate Ry»10,000,<30cP | 400 (200) | :uoo(l&soo
Vortex Precession (Swirl) | <16 (400) vl v v v x| x 2 x x| x| x| x| 7] x| x| x| x| £05%ofrate Rp»10,000, <5 cP 536 (280) Pipe rating
Fluidic Oscillation (Coanda) 15 (40) X[ x X x| x [V |x|x 2|2 x|x|x| x| 2| 2] 2| x| x| x| £2%ofrate Rp>2,000,¢80¢S | 350 (175) | 720 (5,000)
Mass

Coriolis 056(6150) | 2| 2|2 V|V |V v vV 2[2]2|v]2] 2|2 2|x| V]| x| 20I5-10% of rate NoR, limit -400-800 (-224-427) | 5700 (33900)
Thermal Probe 72(1800) X|v|2\v v 2|v 222 2 x| 2|2 x| x| 2| x| £1-2% URV NoR, limit 1,500 (816) Pipe rating
Solids Flowmeter <24(600) X| XX XX |X|sD|X | ?|X|X|sD|SD| X |sD|SD X| v | X|X| £0.5% of rate to fl4% URV _ 750 (400) | £580(4,000)
Correlation

Capacitance <8(200) x| x| X | x|x |[x|v v v [ |¥]¥]|¥]| x| 2|2 x| 2] 2| x| Nodataavailable Nodata available | 300 (49) | £580(4,000)
Ultrasonic 505(1) x| x[x|x|x|x|2|v|v|v|[]v|¥] x| 7| x| X|x]| 2| x| £6%0f7? Nodataavailable | -300-250 (-180-120) | Pipe rating
P = centi Poise = Normally applicable (worth consideration) URV = Upper Range Value 1 According to other sources, the minimum * Liquid must be electrically conductive

€S = centi Stokes 7 = Designed for this application (generally suitable) X =Not applicable Reynolds number should be much higher  ** Range 10:1 for laminar, and 1511 for target
SD = Some designs *4 Newer designs linearize the signal

Figure 5: Flow Sensor Operation Comparison
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Figure 6: Pressure drop in Flowmeters
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User’s Guide to Adhesives

Introduction

Almost everything that is made by industry has component pieces, and these have to be fixed together.
Often mechanical connections are chosen, such as screws, rivets or spot welds. However, engineers now
often choose to use adhesive bonding. This joining technique is well proven and capable of replacing or
supplementing mechanical fixing methods and has advantages which include:

e Reduced component and/or assembly costs
e Improved product performance and durability
e Greater design freedom

e Less finishing operations

This guide sets out to remove the reservations that engineers sometimes have about adhesives. It includes
a survey of modern adhesives and shows how joints should be designed and pre-treated in order to make
best use of adhesive bonding.

The guide comes from the inventors of adhesives capable of bonding metals. Our Araldite® trade name is
known world wide in industry and in the home.

A word about adhesives

What are we doing when we seek to use an adhesive? The question is not new. Man has used adhesives
or glues since the dawn of history. The ancient Egyptians attached veneers to furniture with glue. These
early glues were all natural substances. Nowadays we use synthetic resins and polymers.

When we bond components together the adhesive first thoroughly wets the surface and fills the gap
between. Then it solidifies. When solidification is completed the bond can withstand the stresses of use.
The strongest adhesives solidify through chemical reaction and have a pronounced affinity for the joint
surfaces. Adhesive bonding is sometimes called chemical joining to contrast it with mechanical joining.

Designing to bond.

In order to get the best performance from an adhesive bond it is important to design the component for
bonding rather than simply taking a design made for mechanical fixing.

Methods of application of the adhesive and the assembly of the components must always be considered at
the design stage, together with the practical curing conditions, which affect the choice of adhesive type to
be used.

A quality bond is produced when quality is considered at all stages of the design and production process.



ASSESMENT OF BONDING

[
Part 1

Advantages of adhesive bonding

The bond is continuous: On loading, there is more
uniform distribution of stresses over the bonded area. The
local concentrations of stresses present in spot welded or
mechanically fastened joints are avoided. Bonded
stuctures can consequently offer a longer life under load.

Stiffer structures: The bonded joint — being continuous -
produces a stiffer structure. Alternatively, if increased
stiffness is not needed, the weight of the structure can be
decreased while maintaining the required stiffness.

Improved appearance: Adhesive bonding gives a smooth
appearance to designs. There are no protruding fasteners
such as screws or rivets, and no spot-welds marks.

Complex assemblies: Complex assemblies that cannot
be joined together in any other feasible way with
adhesives. Composite sandwich structures are a typical
example.

Dissimilar materials: Adhesives can join different
materials together — materials that may differ in
composition, moduli, coefficients of expansion, or
thickness.

Reduced corrosion: The continuous adhesive bond forms
a seal. The joint is consequently leak proof and less prone
to corrosion.

Electrically insulating: The adhesive bond can provide an
electrically insulating barrier between the surfaces.

» E
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Fig.1 Stiffening effect - bonding and riveting compared

The diagram shows how a joint may be designed to take advantage of the
stiffening effect of bonding.

Adhesives form a continuous bond between the joint surfaces. Rivets and
spot welds pin the surfaces together only at localised points. Bonded
structures are consequently much stiffer and loading may be increased
(by up to 30 — 100%) before buckling occurs.

Reduced stress concentrations: The bonded structure is
a safer structure because, owing to the fewer and less
severe concentrations of stresses, fatigue cracks are less
likely to occur. A fatigue crack in a bonded structure will
propagate more slowly than in a riveted structure — or even
in a machined profile because the bond-lines act as a
crack stopper.

Jointing sensitive materials: Adhesive bonding does not
need high temperatures. It is suitable means for joining
together heat-sensitive materials prone to distortion or to a
change in properties from the heat of brazing or welding.

I

Fig. 2 Stress distribution in loaded joints

The riveted joint on the left is highly stressed in the vicinity of the rivets.
Failure tends to initiate in these areas of peak stress. A similar distribution
of stress occurs with spot welds and bolts.

The bonded joint on the right is uniformly stressed. A continuous welded
joint is likewise uniformly stressed but the metal in the heated zone will
have undergone a change in strength.

Vibration damping: Adhesive bonds have good damping
properties. The capacity may be useful for reducing sound
or vibration.

Simplicity: Adhesive bonding can simplify assembly
procedures by replacing several mechanical fasteners with
a single bond, or by allowing several components to be
joined in one operation.

Adhesive bonding may be used in combination with spot
welding or riveting techniques in order to improve the
performance of the complete structure. All these
advantages may be translated into economic advantages:
improved design, easier assembly, lighter weight (inertia
overcome at low energy expenditure), longer life in service.
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Limitations

Temperature resistance: Adhesives are drawn from the
class of materials which we know as ‘polymers’, ‘plastics’
or 'synthetic resins’. They have the limitations of that class.
They are not as strong as metals. (the difference is offset
by the increased surface contact area provided by the
bonded joints). With increasing temperature the bond
strength decreases, and the strain properties of the
adhesive move from elastic to plastic. This transition is
usually in the temperature range 70 — 220°C: the transition
temperature depends on the particular adhesive.

Chemical resistance: The resistance of bonded joints to
the in-service environment is dependent on the properties
of the polymer from which the adhesive is made. Possible
exposure of the bonded structure to oxidising agents,
solvents, etc., must be borne in mind when selecting the
adhesive type to use.

Curing time: With most adhesives maximum bond
strength is not produced instantly as it is with mechanical
fastening or with welding. The assembled joint must be
supported for at least part of the time during which the
strength of the bond is building up. The quality of the bond
may be adversely affected if, in the bonding process, the
surfaces are not readily wetted by the adhesive.

Process controls: Ensuring consistently good results may
necessitate the setting up of unfamiliar process controls. A
badly made joint is often impossible to correct.

In service repair: Bonded assemblies are usually not
easily dismantled for in-service repair.

Modern adhesives: types and main
characteristics

Modern adhesives are classified either by the way they are
used or by their chemical type. The strongest adhesives
solidify by a chemical reaction. Less strong types harden
by some physical change. Key types in today’s industrial
scene are as follows.

Anaerobics: Anaerobic adhesives harden when in contact
with metal and air is excluded, e.g. when a screw is tight
in a thread. Often known as ‘locking compounds’ or
‘sealants’, they are used to secure, seal and retain turned,
threaded, or similarly close-fitting parts. They are based on
synthetic resins known as acrylics. Due to the curing
process, anaerobic adhesives do not have gap-filling
capability but have advantage of relatively rapid curing.

Cyanoacrylates: A special type of acrylic, cyanoacrylate
adhesives cure through reaction with moisture held on the
surfaces to be bonded. They need close-fitting joints.

Usually they solidify in seconds and are suited to small
plastic parts and to rubber. Cyanoacrylate adhesives have
relatively little gap-filling capability but can be obtained in
liquid and thixotropic (non-flowing) versions.

Toughened Acrylics/Methacrylates: A modified type of
acrylic, these adhesives are fast-curing and offer high
strength and toughness. Supplied as two parts (resin and
catalyst), they are usually mixed prior to application, but
specialised types are available which are applied by
separate application: resin to one bond surface, catalyst to
the other. They tolerate minimal surface preparation and
bond well to a wide range of materials. The products are
available in a wide range of cure speeds and as liquids or
pastes which will gap-fill up to 5mm.

UV curable adhesives: Specially modified acrylic and
epoxy adhesives, which can be cured very rapidly by
exposure to UV radiation. Acrylic UV adhesives cure
extremely rapidly on exposure to UV but require one
substrate to be UV transparent. The UV initiated epoxy
adhesives can be irradiated before closing the bondline,
and cure in a few hours at ambient temperature or may be
cured at elevated temperature.

Epoxies: Epoxy adhesives consist of an epoxy resin plus a
hardener. They allow great versatility in formulation since
there are many resins and many different hardeners. They
form extremely strong durable bonds with most materials.
Epoxy adhesives are available in one-part or two-part form
and can be supplied as flowable liquids, as highly
thixotropic products with gap-filling capability of up to
25mm, or as films.

Polyurethanes: Polyurethane adhesives are commonly
one part moisture curing or two-part. They provide strong
resilient joints, which are resistant to impacts. They are
useful for bonding GRP (glassfibre-reinforced plastics) and
certain thermoplastic materials and can be made with a
range of curing speeds and supplied as liquids or with
gap-filling capability of up to 25mm.

Modified Phenolics: The first adhesives for metals,
modified phenolics now have a long history of successful
use for making high strength metal-to-metal and metal-to-
wood joints, and for bonding metal to brake-lining
materials. Modified phenolic adhesives require heat
pressure for the curing process.

The above types set by chemical reactions. Types that
are less strong, but important industrially, are as
follows:

Hot Melts: Related to one of the oldest forms of adhesive,
sealing wax, today’s industrial hot melts are based on
modern polymers. Hot melts are used for the fast
assembly of structures designed to be only lightly loaded.



Plastisols: Plastisol adhesives are modified PVC
dispersions which require heat to harden, The resultant
joints are often resilient and tough.

Rubber adhesives: Based on solutions of latexes, rubber
adhesives solidify through loss of solvent or water. They
are not suitable for sustained loading.

Polyvinyl Acetates (PVAs): Vinyl acetate is the principal
constituent of the PVA emulsion adhesives. They are
suited to the bonding of porous materials, such as paper
or wood, and general packaging work.

Pressure-sensitive adhesives: Suited to use on tapes
and labels, pressure-sensitive adhesives do not solidify but
are often able to withstand adverse environments. They
are not suitable for sustained loading.

No one company supplies all these types of adhesives.
Each supplier specialises in particular types.
Huntsman Advanced Materials supplies many
industries with epoxy, polyurethane, modified phenolic,
toughened methacrylate and UV curable acrylic
adhesives under the tradenames Araldite®, Epibond®,
Epocast® and Uralane®.

Designing a bonded joint

It is important that bonded articles are designed with
bonding in mind, rather than simply bonding a design
made for welding or mechanical joining. When designing
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Fig.1 Loading conditions

A bonded joint can be loaded in five basic ways (shown in the diagram). Cleavage and peel loading are the most taxing: they concentrate the applied force into
a single line of high stress. In practice a bonded structure has to sustain a combination of forces. For maximum strength, cleavage and peel stresses should be

as far as possible designed out of the joints.

bonded joints the considerations include:

e Joint geometry

e Adhesive selection

e Mechanical properties of adhesive and adherent
e Stress in the joint

e Manufacturing conditions

Bonded joints may be subjected to tensile, compressive,
shear or peel stresses, often in combination. (See Figure
3). Adhesives are strongest in shear, compression and
tension. They perform less effectively under peel and
cleavage loading. A bonded joint needs to be designed so
that the loading stresses will be directed along the lines of
the adhesive’s greatest strengths.

To indicate the performance of an Araldite, Epibond,
Epocast or Uralane adhesive, the Huntsman Advanced
Materials Instruction

Sheet for the particular adhesive quotes the shear
strengths and peel strengths obtained by standard test
methods. For example, the standard test method for shear
(1IS04587) uses a simple lap joint made from metal sheet,
usually an aluminium alloy, 25mm wide with 12.5mm
overlap. The mean breaking stress at room temperature
will be in the range 5 to 45 N/mm? depending on the
adhesive. At the top end of this breaking stress range,
joints made from aluminium alloy sheet of up to 1.5mm
thickness will yield or break in the metal. (The lap joint is
only one of sveral different types of bonded joint).

=

Cleavage Peel
Cleavage Peel
stress stress
component component
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The breaking load of a lap joint is proportional to its width,
but not to its overlap length. Although the breaking load
will increase as overlap length is increased, the mean
breaking stress will be reduced.

A method of determining the best dimensions for a simple
lap joint is described in Simple Lap Joints: Determination
of dimensions (page 10).

The strength of a joint is a complex function of the stress
concentrations set up by the load. In a simple lap joint
made from thin metal sheet there are two sorts of stress:
shear and peel. Both the shear and peel stresses vary
along the length of the joint, with concentrations at the
ends. Alternative joint designs are shown in Figure 4 where
these stresses are more evenly distributed. The efficiency
gained results in joints of greater strength.

K
i

A peel joint can be designed such that the forces acting
upon it become compression forces, making a much
stronger joint.
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Weak cleavage joints can be strengthened through design,
in this instance by adding a U-section to the previously
bent sheet.
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By adding reinforcing plates to this butt joint, the forces
run along a much stronger shear joint.
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A similar effect is produced by sleeving this cylindrical butt
joint.
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Fig.4 Basic bonded joints between strip/sheet metals

The basic types of bonded joints are shown diagramatically. In practical
structures two or more basic types may be used in combination — and the
relative dimensions (and areas of bonded surface) of the joints may vary
from those shown in the diagrams.

Tapering of the ends of lap joints or scarf joints serves to distribute the
stress more uniformly and reduce stress concentration.



Fig.5 Practical bonded joints between sheet materials

Certain metals, especially mild steel, are easily bent or folded to form
advantageous joints. (a) Shows a development from the simple lap

joint: a toggled joint. (b) and (c) show further developments. II
Closed box structures (d) from formed sheet metal are easily produced

using this folding and bonding technique to join the edges.

Fig.6 Bonding of multi-layer structures

Multi-layer structures may be built up by adhesive bonding and may
also be bonded to other parts. In (a) a multi-layer fibre-reinforced
plastics laminate is joined to its neighbour by a multi-stepped lap joint.
In (b) an edge member is bonded into a sandwich panel. On loading,
the stresses will be transferred into the panel. The honeycomb core is
itself assembled and bonded to the facing sheets with adhesives.

Fig.7 Joints using profiles

Sheets or plates that cannot be bent and folded may be bonded
together by means of purpose-made profiles. Tapering removes the
high stress concentrations caused by abrupt change in section.
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Fig.8 Stiffening of large thin sheets

Large sheets of thin-gauge material (metal or plastics) may be
stabilised by bonding stiffeners made of the same material in similar
gauge. The diagram shows a ‘top hat’ stiffener.

Towards the edge of the sheet, the stiffener may be cut away (as
shown) in order to reduce stress concentrations. The effect is similar
to that of the scarf joint in Fig.4.

Fig.9 Bonded frameworks

Framework structures of square or round tubes, or simple profiles,
may utilise plugs (a), angles (b), or bosses (c) at the joints. Use of
these additional pieces greatly increases the area of bond surface at
the joint.
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The durability of a bonded joint

The durability (the long-term performance) of a bonded
joint depends on the properties both of the adhesive and
of the materials being joined.

The adhesive will be affected by high temperatures, by
powerful solvents, or by water. The durability of the joint
will also depend on the effects of these agents on the
materials being joined. Above all, it will depend on the
condition of the joint surfaces when the bond was made.
The best joints are made when the surfaces are absolutely
clean and have good affinity for the adhesive. This
necessitates control of pretreatment of the surfaces. A
poor surface condition usually results in a relatively low
initial strength and a reduced durability. A thick bond-line
gives lower initial strength. (See Figure 10.) With most
types of adhesive, the application of heat to complete the
curing process improves both initial strength and durability.
The user will have to judge the level of control of these
factors necessary to produce a bonded joint satisfactory
for the expected service conditions. For many applications
a good and sufficient durability is obtained with easily
attained levels of surface control (or pretreatment), bond-
line thickness and curing schedule.
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Fig.10 Bond-line thickness v. shear strength

Shear strength decreases if the layer of adhesive is thick. The effect of
increasing bons-line thickness in simple lap joints made with hot-cured
epoxy adhesives is shown in the diagram.

Adhesive strength at the interface is by its nature greater than the
cohesive strength within the adhesive. The diagram shows that in this
adhesive the drop in strength occurs in the range 0.4 to 1.0 mm. In
thicknesses greater than 1.0 mm shear strength is approximately constant.
The exact shape of the curve depends on the characteristics of the
adhesive. Toughened adhesives will maintain higher values in thicker
bondlines while more rigid adhesives will reduce more quickly. The
optimum bond-line thickness is in the range 0.1 to 0.3mm. In very thin
bond lines there is risk of incomplete filling of the joint due to contact
between high points on the joint surfaces.

The bonded joints may need to resist sustained loads,
which are either static or vibrational. Joint designs in which
peel stresses are at a minimum give the best durability.
The fatigue testing (by standard methods) of simple lap
shear joints made with epoxy adhesives will often give
failure values of ca 30% of the short-term measured
breaking load. (See Figure 11.)
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CYCLES TO FAILURE

Fig.11 Fatigue strength (tensile) of lap joints

Fatigue strength of simple lap joints made with a cold-cured epoxy
adhesive and tested to DIN 53 285. In this test programme the failure
stress of control joints under static loading was 13 Mpa. The diagram
shows that under fatigue loading the joints required to sustain 106 test
cycles should not be stressed higher than 4.1 Mpa per cycle.

Determination of dimensions of
simple lap joints

The shear strength of simple lap joint (Fig 12) depends on
the nature of the metal, the adhesive, the thickness of the
metal and the area of overlap.

Fig.12 Simple lap shear joint

| = overlap; t = metal thickness
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Fig.13 Correlation diagram between shear strength
and t/I of simple lap joints

The diagram relates the dimensions of the joint, the shear stress in the
adhesive and the tensile stress in the metal*

*The curve shown in Fig.13 was established from a test programme
carried out on simple lap joints of BS 1470-HS30 aluminium alloy bonded
with hot-cured Araldite epoxy adhesive.

Given the loading required and the metal and adhesive to
be used, it is possible to predict:

1. Optimum overlap on metals of given thickness.
2. Optimum metal thickness for given overlap.

This overlap and thickness may be rapidly determined
from a diagram based on results from one test
programme.

The test — to determine mean shear strengths of joints of
various overlaps (I) and metal thickness (t) - must be
sufficient to plot a curve of shear strength against t/l. A
curve established in this way is shown in Fig.13.

Any particular point on an established curve represents (for
lap joints made with metal and adhesive to the same
specifications as used in the test programme) the state of
stress in a particular joint and shows the relationship
between the dimensions of the joint (horizontal axis), the
mean shear stress in the adhesive (vertical axis) and the
mean tensile stress in the metal (slope of a straight line
from the origin to the point).

Optimum overlap (1) is determined by using the diagram
together with the formula:

This formula is derived from —

The known design requirements:
P= load per unit width of joint
t = sheet thickness (t= thickness of thinner sheet
in joints made of sheets of different thickness)

These establish:

P
o = mean tensile stress in the metal = T
and by definition:
P
T = mean shear stress in the joint = I_
t

Substituting for P gives: T =0. I_

P
Unitwidth e e

Fig.14 Conventional designs for stresses in a lap joint

Optimum overlap (l) is determined as follows:
1. Calculate s from P and t.
2. Starting form 0, mark on the diagram the straight

t
line whose slope (T/ T) is given by o.

3. Where the straight line cuts the curve, read off the
value for t

4. Having determined ¢ and t, and knowing t,

substitute these values in:
t

and calculate optimum overlap I.

Deviation from the optimum overlap reduces the efficiency
of the joint. Too small an overlap causes the joint to fail
below the required loading, whereas too large an overlap
may mean an unnecessarily large joint.
Optimum sheet thickness (t) is determined as follows:

1. Calculate t from P and I.

2. Where the value of t cuts the curve, read off the

t
value for —
|

t
3. Having determined I_ and knowing I,

calculate optimum thickness t.
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Essentials for the bonding process

To make a successful bond, the adhesive must wet the
material to be joined, fill the gap between the surfaces,
and then fully harden.

With a two-part adhesive this means that resin and
hardener must be correctly proportioned and thoroughly
mixed together. The right amount of mixed adhesive needs
to be placed and spread onto the bond area. Both these
steps are aided by using automatic equipment. The
simplest equipment dispenses adhesive from pre-filled
cartridges (see Figure 15). Typical volumetric proportioning
equipment, which meters, mixes and dispenses two-part
epoxy adhesives is shown in Figure 16. Where highly
viscous or thixotropic components are used, the metering
units may be fed by special drum pumps. Similarly for
one-part epoxy adhesives there are hand or air operated
guns or applicators. Suitable equipment is advantageous
in setting up a Quality Assurance Scheme for a bonding
process.

Continuous production bonding also necessitates ensuring
that the condition of the surfaces to be bonded is always
the same. Unknown contaminants must be removed from
the surfaces. A particular surface treatment may be
needed in order to increase the affinity for the adhesive.
Surface preparation can be a multi-step process. T usually
includes mechanical abrasion and - to achieve optimum
results — chemical etching.

In some cases known surface coverings, such as
protective oils, may be absorbed by the adhesive in the
bonding process - this ability is a characteristic of
specially formulated oil-tolerant Araldite epoxy adhesives.
In these cases the known covering material defines the
surface condition.

The hardening or curing of reactive adhesives requires
time. The time is shortened if heat can be applied.
Furthermore, though with many two-part epoxy adhesives
strong joints can be obtained by curing at room
temperature (for 2 to 24 hours), higher curing temperatures
- even a few degrees above room temperature — will raise
the bond strength. With certain one-part epoxy adhesives
curing temperatures may need to be as high as 180c in
order to obtain the best properties. Elevated temperature
curing may be carried out using:

Hot air ovens: This is a practical method only when a
large number of assemblies are in the oven at the same
time or for continuous production lines. Heat transfer is
relatively slow and affected by the assembly type and
thickness. Infa-red ovens can also be used.

12

Heated presses: Steam or oil-heated platens can be used
in flat bed presses with a rapid and controllable
temperature rise. This method is ideal for production of
large flat panels, e.g. for insulated container sides.

Induction curing: Magnetic field causes current to flow in
a conductive substrate. The resistance to the current
generates heat and cures the adhesive. This technique has
been used where very fast heat up and cure is required.

) IT

Fig.15 Handgun operated by compressed air

Fig.16 Metering and mixing machine for two-part epoxy
adhesives

Combination joints

Adhesives can be used in combination with other joining
methods, in particular, riveting or spot welding. Rivets or
welds at intervals along the bond-line not only act as
locating and holding points during the time the adhesive
cures but also increases the peel resistance of the joint.
From the other viewpoint, that of the mechanical fastening,
the presence of the adhesive improves the stiffness of the
joint, distributes the stresses uniformly and it forms a seal.
Adhesive bonding also increases the speed and reduces
overall the noise of the joining process.
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Araldite adhesives adhere firmly to most materials. Bonds
of great strength are obtained after removal of grease and
loose surface deposits, e.g. rust, from the surfaces to be
joined, but when maximum strength and long-term
durability are required a more thorough mechanical or a
chemical pretreatment is recommended.

Surface preparation

Surfaces are prepared by one of the following pretreatment
procedures (listed in order of increasing effectiveness):

1. Degrease only.
2. Degrease, abrade and remove loose particles.
3. Degrease and chemically pretreat.

Care must be taken to avoid contaminating the surface
during or after pretreatment. Contamination may be
caused by finger marking — or by cloths, which are not
perfectly clean — or by oil-contaminated abrasives — or by
sub-standard degreasing or chemical solutions.
Contamination may also be caused by other work
processes taking place in the bonding area. Particularly to
be excluded are oil vapours from machinery, spraying
operation (paint, mould release-agent, etc.) and processes
involving powdered materials.

Whatever the pretreatment procedure used, it is good
practice to bond the surfaces as soon as possible after
completion of the pretreatment - i.e. when surface
properties are at their best.

If the scheduling of bonding operations on multi-part
assemblies causes delay between pretreatment and

bonding, optimum surface properties may be preserved by
priming the bond surfaces immediately after pretreatment.

Degreasing

Remove all traces of oil and grease as follows:

(@) Suspend in halocarbon solvent* vapour in a vapour
degreasing unit.

or

(b) Immerse successively in two tanks each containing the
same liquid halocarbon solvent* acts as a wash, the
second as a rinse.

* Halocarbon solvents At the time of publication, legislation regarding

halogenated solvents was changing. Users should contact the solvent

suppliers for advice and must ensure compliance with local and
national regulations governing their use.

or

(c) Brush or wipe the joint surfaces with a clean brush or
cloth soaked in clean proprietary commercial
degreasing solvent. A wide range of proprietary solvent
degreasing agents with low hazard ratings are now
available.

or

(d) Detergent degreasing. Scrub the joint surface in a
solution of liquid detergent. Wash with clean hot water
and allow to dry thoroughly — preferably in a stream of
hot air.

or

(e) Alkaline degreasing is an alternative method to the
detergent degreasing. It is recommended to use
proprietary products and follow manufacturer’s
instructions for use.

or

(f) Ultrasonic degreasing may be employed when
appropriate and is generally used for the preparation
of small specimens.

Abrading

Lightly abraded surfaces give a better key to adhesives
than do highly polished surfaces. Abrasion treatment, if
carried out, must be followed by a further treatment to
ensure complete removal of loose particles. For example:

(@) Repeat the degreasing operation (degreasing liquids
must be clean),

or
(b) Lightly brush with a clean soft brush, or — preferably

(c) Blow with a clean dry (filtered) compressed air-blast.
Abrasion can be carried out with abrasive paper, wire
brushing or most effectively by grit-blasting.

Pretreatments for particular materials

Most materials likely to require bonding in industrial
practice are dealt with individually in detail in Publication
No.15 - Guide to surface preparation and pretreatment.
The information in this publication is intended only as an
overview.

Special pretreatments for maximum bond
performance

The surface preparation described above, i.e. degreasing
alone or degreasing followed by abrasion and removal of
loose particles, is sufficient for most adhesive work, but to
obtain maximum strength, reproducibility and long-term
resistance to deterioration, a chemical or electrolytic
pretreatment may be required.

.|
Part 1
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Metal adherent surfaces are rarely of pure metal, but are a
combination of oxides, sulphides, chlorides and other
atmospheric contaminants resulting in a surface which is
mechanically weak. Acid etching is a well-established
method of removing metallic scale, in favour of forming an
oxide layer, which is mechanically and chemically
compatible with the adhesive. Hence, different acid
treatments are applied to different metal adherends, for
example, chromic acid for aluminium, sulphuric acid for
stainless steel, and nitric acid for copper. Acid
pretreatment can also be applied to certain plastics, e.g.
chromic acid is used to surface treat polyolefins. (Details
are given in Publication No.A15.)

Anodising has been exploited extensively by the
aerospace industry as a surface pretreatment for
aluminium and titanium alloys. The purpose of anodising is
to deposit a porous oxide layer on top of the oxide layer
formed after etching. The porous oxide layer enables
adhesive (or primer) to penetrate the pores readily to form
a strong bond. ‘Hard’ anodising is not an effective bonding
pretreatment.

Application of a primer is another form of surface
pretreatment mainly used for materials such as metals and
ceramics. Generally, the primer is the final stage of a
multistage pretreatment process. Some adherends have
‘difficult to bond’ surfaces (e.g. copper). The primer, which
is formulated such that it represents a solvented version of
the adhesive, readily wets the adherend. The adhesive,
when applied to the primed surface, being chemically
compatible, will establish a strong joint on curing.

Essentials for chemical pretreatments

Care must be taken in the preparation of chemical
pretreatment solutions, not only because of the handling
hazards, but also because incorrect preparation may lead
to bond strengths inferior to those that would have been
obtained if there had been no chemical pretreatment.

Time of application is also critical: too short an application
does not sufficiently activate the surfaces, whereas
overlong application may build up chemical reaction
products, which interfere with adhesion.

On completion of chemical pretreatment, thorough
washing of the surfaces with plenty of clean water is
standard practice. For the final rinse, the use of deionised
(demineralised) water is recommended.

Surfaces should be bonded as soon as possible after
pretreatment. Stability of the pretreated surfaces is limited.

Metals

The wide range of individual alloy (and the variety of
surface structures caused by different heat treatments)
within each metal group precludes standardising on one
pretreatment for each. The pretreatments listed in
Publication No.A15 are well established but on occasions
a different pretreatment may prove more effective. This can
be shown only by comparative trials — using material from
the batch of metal components to be bonded and the type
of adhesive specified for the work. Additional data on
pretreatment of metals is given in ISO 4588 and DEF
standard 03-2/2.

Thermosetting plastics

Mouldings, castings, laminates, etc. can usually be
bonded without difficulty. To ensure good bond strength,
all soil and residual release agents must be removed from
the joint surfaces before the adhesive is applied. The
surface must either be abraded with emery cloth or grit-
blasted, or they must be cleaned with a solvent such as
acetone, methyl ethyl ketone, etc. Abrading or grit-blasting
is recommended for mouldings since their surfaces may
otherwise repel the adhesive.

Thermoplastics

These are often difficult to bond. Certain types permit only
moderately successful bonding, and one and the same
material may show considerable variation in properties,
which determine the strength of a bond. Special adhesives
have been developed, but they usually prove to be
unserviceable when thermoplastics have to be bonded to
materials such as wood, metal, etc. Araldite adhesives can
be very useful in such cases even though their suitability
for bonding thermoplastics is only limited. Pretreated
thermoplastics for special applications (e.g. ski ‘skins’) are
easily bonded with Araldite.

The grade of plastic and the manufacturing process used
to make the component may influence the effectiveness of
the pretreatment. It is advisable to establish by trial
whether the pretreatment is improved by adjusting the
specified time.

In addition to the normal mechanical and chemical
methods of pretreatment, certain plastics can be
pretreated using the following methods, all of which cause
a change in the surface texture of the adherend. The
change is brought about by the interaction of highly
energised species with the adherend surface. These
pretreatment methods have been applied to metals and in
particular composites and plastics.
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A low pressure plasma is an excited gas generated by
applying a high frequency and high voltage between
electrodes in a low pressure chamber. The advantage of
this method is that it allows treatment of adherends by
different plasmas of argon, ammonia, oxygen or nitrogen
making the process suitable for a range of substrate types.
Plasmas are generally used to activate the surfaces of
adherends.

If instead a plasma is created in air at atmospheric
pressure, the air when isolated appears as a blue/purple
glow with faint sparking, and is termed a corona. Corona
treatments are usually applied for preparing thin polymer
films and composite laminates.

The effect of a flame treatment is to oxidise the
adherend, which produces polar groups creating a surface
better suited to wetting by the adhesive. This method of
surface pretreatment has been applied successfully to
polyethylene/polypropylene. The variables of flame
treatment include type of gas, gas/air (oxygen) ratio, the
rate of flow of mixture, exposure time and distance
between flame and adherend.

All these methods have limited stability due to adsorption
of airborne contaminants and vary from hours to weeks
according to substrate. Further information can be found
in ISO 13895.

Araldite adhesives are simple to use, but to ensure
successful bonding the directions given in the instructions
supplied with the adhesive must be strictly observed.

In particular:

1. Joint surfaces must be degreased and when
necessary, pretreated.

2. Resin and hardener must be correctly proportioned
and thoroughly mixed together.

3. Adhesive must be applied in the correct controlled
thickness.

4. Jigs or other fixtures must be used to prevent the bond
surfaces from moving relative to one another during
the curing process.

5. Though only light pressure is needed, it should be
applied as evenly as possible over the whole bond
area. Excessive pressure leaves the joint starved of
adhesive.

6. Curing temperatures and curing time must be correct
(in accordance with the supplier’s recommendations).

Caution

Acids, caustic soda etc.

Concentrated acids, oxidising agents (e.g. chromium
trioxide, dichromates) and caustic soda are highly
corrosive chemicals. Spillages and splashes can cause
severe damage to eyes and skin, and attack ordinary
clothing where these chemicals are used.

The manufacturer’s handling precautions must be
observed.

Araldite, Epocast, Epibond and Uralane

Araldite, Epocast, Epibond and Uralane resins and
hardeners are generally quite harmless to handle provided
that certain precautions normally taken when handling
chemicals are observed. The uncured materials must not,
for instance, be allowed to come into contact with
foodstuffs or food utensils, and measures should also be
taken to prevent the uncured materials from coming in
contact with the skin, since people with particularly
sensitive skin may be affected. The wearing of impervious
rubber or plastic gloves will normally be necessary;
likewise the use of eye protection. The skin should be
thoroughly cleansed at the end of each working period by
washing with soap and warm water. The use of solvents is
to be avoided. Disposable paper towels — not cloth towels
- should be used to dry the skin. Adequate ventilation of
the working area is recommended. These precautions are
described in greater detail in Publication No.24264* and in
the Safety Data Sheets* for the individual products.

The Araldite UV range is likewise generally harmless to
handle provided that direct contact with the adhesive is
avoided and good ventilation is maintained.

* These publications are available on request and should
be referred to.
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All recommendations for use of our products, whether given by us in writing, verbally, or to be implied from the results of test carried out by us, are based
on the current state of our knowledge. Notwithstanding any such recommendations the Buyer shall remain responsible for satisfying himself that the
products as supplied by us are suitable for his intended process or purpose. Since we cannot control the application, use or processing of the products,
we cannot accept responsibility therefor. The Buyer shall ensure that the intended use of the products will not infringe any third party’s intellectual rights.
We warrant that our products are free from defects in accordance with and subject to our general conditions of supply.

Mandatory and recommended industrial hygine procedures should be followed whenever our products are being handled and processed. For additional

information, please consult the corresponding product safety and data sheets.

Vantico Ltd

Duxford

Cambridge CB2 4QA

U.K.

Tel: +44 (0)1223 493000
Fax +44 (0)1223 493002

www.araldite.com

Publication no. A.150-GB.1000/02/01/ Printed in Great Britain

HUNTSMAN

®Araldite is a registered trademark used and owned by or licensed to Vantico AG, Basel, Switzerland, and or companies belonging to the Vantico Group. ©Vantico Ltd, 2001.
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Surface preparation and pretreatments

Working directions for the surface preparation essential for optimum adhesion between

structural materials bonded with Araldite adhesives.

Araldite adhesives form extremely strong and durable bonds with metals, glass, rigid
plastics, rubber and many other materials. Designers in every sphere of industry
increasingly find that bonding with Araldite provides the answer to production problems
posed by new materials, new uses of existing materials, and new techniques and

manufacturing methods.

HUNTSMVAN




Introduction
.|

Araldite resins adhere firmly to most materials. Bonds of great strength are obtained after removal of grease and
loose surface deposits, e.g. rust, from the surfaces to be joined, but when maximum strength is required a more
thorough mechanical or a chemical pretreatment is recommended.

Materials to be bonded

Listed on the back cover of this manual are the materials for which pretreatments are given. Bonding these materials
comprises the main part of high-strength adhesive work and consequently their pretreatments are the most in
demand. Materials less commonly used and not specifically dealt with in this manual may require only simple
degreasing and abrading (as described below) but if other pretreatments appear necessary advice should be
obtained from Huntsman Advanced Materials.

Surface preparation

Surfaces are prepared by one of the following pretreatment procedures (listed in order of increasing effectiveness).
1. Degrease only.
2. Degrease, abrade and remove loose particles. II
3. Degrease and chemically pretreat

Care must be taken to avoid contaminating the surfaces during or after pretreatment. Wear clean gloves.

Contamination may be caused by finger marking — or by cloths which are not perfectly clean — or by oil -

contaminated abrasives — or by sub-standard degreasing or chemical solutions. Contamination may also be caused

by other work processes taking place in the bonding area. Particularly to be excluded are oil vapours from

machinery, spraying operations (paint, mould release-agent, etc.) and processes involving powdered materials.

This instruction manual is divided into the following parts:

Part 1 - Degreasing page 2
Part 2 - Abrading page 3
Part 3 - Pretreatments for particular materials

Metals page 4

Plastics page 9

Miscellaneous materials page 14
Part 4 - Essentials for maximum bond strength page 16
Part 5 - Caution page 17
Part 6 - Suppliers page 18
Part 7 - Index to materials/equipment page 20

Whatever the pretreatment procedure used, it is good practice to bond the surfaces as soon as
possible after completion of the pretreatment - i.e. when surface properties are at their best.

Note If the scheduling of bonding operations on multi-part assemblies causes delay between pretreatment and bonding, optimum surface properties
may be preserved by priming the bond surfaces immediately after pretreatment.

Part 1 - Degreasing

The removal of all traces of oil and grease from the surfaces to be bonded is essential. Degreasing by one of the four
methods given below should be carried out even when the surfaces to be bonded appear clean.

Degreasing methods

Remove all traces of oil and grease as follows:

(@ Suspend in halocarbon solvent *vapour in a vapour degreasing unit. The unit may include a compartment
to enable initial washing in the liquid solvent.

or
where a vapour degreasing unit is not available:

(b) Immerse successively in two tanks each containing the same liquid halocarbon solvent. The first tank acts
as a wash, the second as a rinse. When the solvent in the wash tank becomes heavily contaminated, the
tank is cleaned out and refilled with fresh solvent.

*Halocarbon solvents Trichloroethylene is the dominant halocarbon solvent for vapour degreasing. Its toxicity necessitates the use of suitably
designed plant. At the time of publication, legislation regarding halogenated solvents was changing. Users should contact the solvent suppliers for
advice and must ensure compliance with local and national regulations governing their use. See Part 5 — Caution.
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This tank is then used for the rinse, and the former tank for the wash.

or

(©) Brush or wipe the joint surfaces with a clean brush or cloth soaked in clean halocarbon solvent or other
proprietary commercial degreasing solvent. (For fine work, washing down with solvent applied by aerosol
spray may be a more suitable alternative; this technique also ensures that the solvent used is clean.) Allow
to stand for a minute or two to permit complete evaporation from the joint surfaces.
A wide range of proprietary solvent degreasing agents with low hazard ratings are now available. These

should be used according to the manufacturers’ instructions
Note Certain plastics and rubbers are attacked by solvents such as trichloroethylene. These plastics may be degreased with detergent
solutions, alcohols such as isopropanol, ketone solvents, or proprietary solvent degreasing agents, depending on the type of plastic.

or
(d) Detergent degreasing Scrub the joint surfaces in a solution of liquid detergent. Wash with clean hot
water and allow to dry thoroughly — preferably in a stream of hot air from, e.g. a domestic forced-air heater.

Note Non-ionic detergents give generally good results.

(e) Alkaline degreasing is an alternative method to the detergent degreasing.
The ingredients may be selected from a wide range of compounds including sodium or potassium
hydroxide, carbonates, phosphates, borates, complexing agents and organic surfactants. They can be
used hot or cold with or without applied current. There should be very thorough washing, and possibly
neutralisation to remove residual traces of alkaline cleaners. It is recommended to use proprietary products
and follow manufacturers’ instructions for use.

) Ultrasonic degreasing may be employed when appropriate and is generally used for the preparation of
small specimens.

Warning Safety precautions must be observed where halocarbon solvents are in use. See Part 5 — Caution.

Test for a clean bond surface

The water-break test is a simple method to determine whether the surface to be bonded is clean. It is best suited to
metals. If a few drops of distilled water applied to the surface, wet the surface and spread - or if, on drawing the
surface from distilled water, the water film does not break up into droplets — then the surface may be assumed to be
free of contamination. Uniform wetting of the surface by distilled water indicates that it will probably be likewise
wetted by adhesive.

It must be borne in mind that certain plastics, even when clean, may not be wetted by distilled water, but will be
wetted by adhesive. Furthermore, satisfactory wetting gives no information as to the potential bond strength. At most
it is a necessary — but not sufficient — requirement for the achievement of high bond strengths.

Lightly abraded surfaces give a better key to adhesives than do highly polished surfaces. Abrasion treatment, if
carried out, must be followed by a further treatment to ensure complete removal of loose particles. For example:
(a) Repeat the degreasing operation (degreasing liquids must be clean), or

(b) Lightly brush with a clean soft brush, or-preferably

(c) Blow with a clean dry (filtered) compressed-air blast.

Metal surfaces

Remove surface deposits, e.g. tarnish, rust or mill scale, preferably by blasting with sharp grit*. If grit-blasting
equipment is not available or the metal is too thin to withstand blast treatment, then clean the joint surfaces with a
wire brush, or with abrasive cloth or water-proof abrasive paper (alumina or silicon carbide abrasive, from 46 to 120
mesh). Wetting the wire brush — or the abrasive cloth or paper — assists removal of contaminants and reduces dust.
Dry, if necessary, and remove all loose particles.

Note Painted surfaces should be stripped of paint; otherwise the strength of the joint may be limited by comparatively low adhesion to metal.

*For most materials the preferred grits are fused alumina and, less commonly, silicon carbide (ferrous grits such as chilled iron must be restricted to mild
steels and cast irons; their use on other metals may promote corrosion). Fused alumina is the abrasive almost invariably used for aluminium alloys and
stainless steels. Silicon carbide is sharper, but it is more expensive and also more friable. Silicon carbide is used on certain special alloys liable to react
adversely with any residual fused alumina at temperatures they may encounter in service. The use of silicon carbide can be advantageous when the
materials to be abraded are either soft or extremely hard. Choice of grit size depends on various factors: the metal to be grit-blasted, the type of grit-
blasting equipment, the pressure and angle of blast impact, and the time of treatment. Grits in the range of 46 to 120 mesh are suitable, but the
optimum grit size for the work in hand can be determined only by trials. In general for soft materials the optimum grit size will be towards the fine end of
the range.

Part 2 - Abrading



Plastics and glass surfaces

Remove the surface layer of plastics surfaces to ensure elimination of all traces of release agent. As with metals,
abrasion by grit-blasting (see notes on page 3) is in general the best method; the alternative is to use abrasive cloth
or paper. After abrasion, remove all loose particles.

Note Removal of loose particles from plastics surfaces is best carried out by methods (b) or (c) above. Use of degreasing liquids on certain plastics may
impair the key produced by the abrasion treatment.

Since plastics are poor heat conductors, care must be taken to keep blasting times as short as possible.

For pretreatment of composite materials cryoblasting may also be used which involves use of solid carbon dioxide
pellets as the blasting medium.

Part 3 - Pretreatments
for particular

materials
|
II

Most materials likely to require bonding in industrial practice are dealt with individually in the following pages - for
index, see page 20. Engineers contemplating the bonding of materials not covered by this manual are invited to
submit enquiries concerning appropriate pretreatments to our technical staff.

Special pretreatments for maximum bond performance
The surface preparation described above, i.e. degreasing alone or degreasing followed by abrasion and removal of
loose particles, is sufficient for most adhesive work.

But to obtain maximum strength, reproducibility and long-term resistance to deterioration, a chemical or electrolytic
pretreatment may be required — and examples of these special pretreatments are printed in blue in the following
pages.

Metal adherend surfaces are rarely of pure metal, but are a combination of oxides, suphides, chlorides and other
atmospheric contaminants resulting in a surface which is mechanically weak. Acid etching is a well-established
method of removing metallic scale, in favour of forming an oxide layer which is mechanically and chemically
compatible with the adhesive. Hence, different acid treatments are applied to different metal adherends, for example,
chromic acid for aluminium, sulphuric acid for stainless steel, and nitric acid for copper. Acid pretreatment can also
be applied to certain plastics, e.g. chromic acid is used to surface treat polyolefins.

Anodising has been exploited extensively by the aerospace industry as a surface pretreatment for aluminium and
titanium alloys. The purpose of anodising is to deposit a porous oxide layer on top of the oxide layer formed after
etching. The porous oxide layer enables adhesive (or primer) to penetrate the pores readily to form a strong bond.

Application of a primer is another form of surface pretreatment mainly used for materials such as metals and
ceramics. Generally, the primer is the final stage of a multistage pretreatment process. Some adherends have
‘difficult to bond’ surfaces (e.g. copper). The primer, which is formulated such that it represents a solvented version
of the adhesive, readily wets the adherend. The adhesive, when applied to the primed surface, being chemically
compatible, will establish a strong joint on curing.

Essentials for chemical pretreatments

Care must be taken in the preparation of chemical pretreatment solutions, not only because of the handling hazards*,
but also because incorrect preparation may lead to bond strengths inferior to those that would have been obtained if
there had been no chemical treatment.

Time of application is also critical: too short an application does not sufficiently activate the surfaces, whereas
overlong application may build up chemical reaction products which interfere with adhesion.

On completion of a chemical pretreatment, thorough washing of the surfaces with plenty of clean water is standard
practice. For the final rinse, the use of deionised (demineralised) water is recommended.

*Safety precautions must be strictly observed where chemical solutions are in use. See Part 5 — Caution.

Metals

The wide range of individual alloys (and the variety of surface structures caused by heat treatments) within each
metal group precludes standardising on one pretreatment for each. The following pretreatments are well established
but on occasion a different petreatment (not given here) may prove more effective. This can be shown only by
comparative trials — using materials from the batch of metal components to be bonded and the type of Araldite
adhesive specified for the work.

Additional data on pretreatment of metals is given in ISO 4588 and DEF standard 03-2/2. The recommendations
given in this brochure for pretreatment of metals are in compliance with the above.
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Aluminium and aluminium alloys

Anodised material Aluminium alloy anodised by the normal chromic acid or sulphuric acid methods and sealed, may
be bonded after degreasing and light abrasion. Chromic acid or phosphoric acid anodised material has the optimum
surface properties for bonding directly after completion of the anodising process. No pretreatment is needed, but the
material must be bonded within a few hours anodising.

Hard anodised aluminium alloy requires stripping either by abrasive blasting or by etching in the sulphuric acid +
sodium dichromate (or chromiun trioxide) solution given below. Note: the unstripped metal is unsuitable for bonding.

Non-anodised material Degrease according to Part 1 — Degreasing. Then either abrade according to Part 2 — Abrading.
Or anodise with chromic or phosphoric acid as above
Or etch in a sulphuric acid + sodium dichromate solution made up as follows:

Pour 10-15 litres of clean water into a container with a 50 litre calibration mark. While stirring the water, add
7.5 litres of concentrated sulphuric acid (S.G. 1.84) in a slow steady stream - with continued stirring add
3.75kg of sodium dichromate (Na,Cr,0,.2H,0) - or 2.5kg of chromium trioxide (CrO,)* - and fill to the 50 litre
calibration mark with clean cold water. For best results the aluminium content of the etch should be
1.5-14.0g/1 and the copper content 0.06-1.0g/l. (see notes below)**.

Immerse the part for 30 minutes at 60-65°C, then wash with clean cold running water, followed by clean hot
water, and dry with hot air. The temperature of the hot water and air must not be greater than 65°C.

*This procedure + preliminary degreasing with halocarbon solvent conforms to Process O of DEF Standard 03-2/2. Method O includes a
procedure for controlling the composition of etch solution in continual use.

**European standard EN2334 describes in detail acid chromate pickling procedures and the control of solutions. Similarly DT9915B and DEF
STAN 03-2/2 describe control procedures.

ISO 4588 describes and equally suitable etching process based on a solution of 30 pbw water, 10 pbw
concentrated sulphuric acid and 2 pbw sodium dichromate. The parts are immersed for 10 minutes at 65-70°C
and then rinsed and dried as above.

Warning Chromium trioxide is an exceptionally powerful oxidising agent. Particular care is essential when handling this chemical. Likewise,
particular care is needed when handling concentrated sulphuric acid. — see Part 5 — Caution.

Accomet C*, a solution containing chromium compounds, is an alternative to the chemical pretreatment for
aluminium and aluminium alloys. Accomet C in diluted form is applied as a primer coating. Instructions for
use are given on page 9 under Primer for Metals.

*British Patent 1,234,181 (Albright & Wilson Ltd).

Cadmium

Degrease according to Part 1 — Degreasing (page 2). Then either abrade according to Part 2 — Abrading (page 3),
or electro-plate with silver or nickel.

Cast iron

Degrease according to Part 1 — Degreasing (page 2). Then abrade according to Part 2 — Abrading (page 3).
Chromium

Degrease according to Part 1 — Degreasing (page 2). Then either abrade according to Part 2 — Abrading (page 3),
or etch in a solution of:

Concentrated hydrochloric acid (S.G. ca 1.18) 4.25 litres

Water 5 litres

Immerse for 1-5 minutes at 90-95°C, wash with clean cold running water, followed by clean hot water, and dry with hot air.

Note Prepare the solution according to the sequence specified on page 14 under Concrete — method 3.

Warning Concentrated hydrochloric acid is highly corrosive. Special care is required. See Part 5 — Caution.



Copper and copper alloys
Degrease according to Part 1-Degreasing (page 2). Then either abrade according to Part 2-Abrading (page 3),
or etch for 30 seconds at room temperature in a solution of:

Concentrated nitric acid (S.G. ca 1.42) 5 litres
Water 15 litres

Wash with clean cold running water. Do not allow to dry. Immerse for 2-3 minutes at 95-100°C in a solution of:

Sodium hydroxide 0.1kg
Sodium chlorite (NaC10, technical) 0.6kg
Trisodium phosphate (Na; P,O anhydrous) 0.2kg
Water 20 litres

Wash with plenty of clean cold water and dry promptly with a room temperature air stream.
(The use of hot air may cause staining of the surfaces.)

The above two-stage chemical pretreatment gives, in general, better bond strengths than the ammonium persulphate
pretreatment below. This however offers the advantage of simplicity and the strengths obtained may be adequate for
the work in hand. II

Etch in a 25% solution of: Ammonium persulphate
Immerse for 30 seconds at room temperature, wash with plenty of clean cold water and dry promptly with a

room temperature air stream. (The use of hot air may cause staining of the surfaces.)
Note Preparation of 25% ammonium persulphate solution: pour about 700ml of deionised water into a container with a 1,000ml calibration mark. Add
250 grammes of ammounium persulphate. Stir until the powder dissolves, then fill to the 1,000m! calibration mark with deionised water.

Warning Concentrated nitric acid is highly corrosive. Special care is required when handling. See Part 5 — Caution.

Araldite Primer DZ 80-1, a hot-setting one-part resin solution, is an alternative to the chemical pretreatments
for copper and copper alloys. The use of Primer DZ 80-1 improves bond strength retention during long-term
service. Drying and curing schedules for Primer DZ 80-1 are given in the Huntsman Advanced Materials
Instruction Sheet No. A.27, available on request.

Galvanised surfaces
Pretreat as for Zinc and Zinc Alloys (page 9).

Gold
Degrease according to Part 1-Degreasing (page 2).

Lead

Degrease according to Part1-Degreasing (page 2). Then either abrade according to Part 2-Abrading (page 3),

or etch in a solution of:

Concentrated nitric acid (S.G. ca 1.42) 1 litre

Water 9 litres

Immerse for 10 minutes at 45-55°C, wash with clean running water, followed by clean hot water, and dry with
hot air.

Warning Concentrated nitric acid is highly corrosive. Special care is required when handling. See Part 5-Caution.

Magnesium and Magnesium alloys

Degrease according to Part 1-Degreasing (page 2). Then abrade according to Part 2-Abrading (page 3), and apply
the adhesive immediately.

The following chemical pretreatment for magnesium alloys produces bond strengths only slightly below those
obtainable on the grit-blasted metal. The chemical pretreatment provides an alternative to grit-blasting for metal too
thin to withstand the grit-blasting treatment and it is more effective than cleaning by wire brush or abrasive paper.
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Degrease according to Part 1-Degreasing (page 2). Then etch in a solution of

Chromium trioxide (CrO;) 24 gms
Water 123 gms
Sodium Sulphate (anhydrous) 1.8 gms
Calcium Nitrate 2.1 gms

Immerse for 3 minutes at room temperature, wash with clean cold running water, followed by clean hot water,
dry with hot air and apply the adhesive immediately.

Warning Chromium trioxide is an exceptionally powerful oxidising agent. Particular care is essential when handling this chemical.
See Part 5-Caution.

Nickel and nickel alloys

Degrease according to Part 1-Degreasing (page 2). Then either abrade according to Part 2-Abrading (page 3),

or etch for 5 seconds in: Concentrated nitric acid (S.G. ca 1.42). Wash with clean cold running water, followed
by clean hot water, and dry with hot air.

Warning Concentrated nitric acid is highly corrosive. Special care is required when handling. See Part 5-Caution.

Silver
Degrease according to Part 1-Degreasing (page 2). Then abrade according to Part 2-Abrading (page 3).

Steel-mild

Degrease according to Part 1-Degreasing (page 2). Then either abrade according to Part 2-Abrading (page 3),
or etch in a solution of:

Orthophosphoric acid (S.G. ca 1.7) 10 litres

Industrial methylated spirit 20 litres

Immerse for 10 minutes at 60°C, remove from the solution and then, under clean cold running water, brush off
the black deposit with a stiff-bristle nylon brush. Absorb residual water by wiping with a clean cloth soaked
with clean industrial methylated spirit or isopropanol. Heat for 1 hour at 120°C.

Accomet C*, a solution containing chromium compounds, is an alternative to the chemical pretreatment for
mild steel. Accomet C in diluted form is applied as a primer coating. Instructions for use are given on page 9
under Primer for Metals.

Warning Orthophosphoric acid is corrosive and requires special care in use. Refer to Part 5 - Caution.
Steel-stainless

Degrease according to Part 1-Degreasing (page 2). Then either abrade according to Part 2-Abrading (page 3),
or etch for 5-10 minutes at 55-65°C in a solution of:

Oxalic acid ((COOH,)2H,0) 5kg
Concentrated sulphuric acid (S.G. ca 1.83) 16 litres
Water 35 litres

Note: Prepare solution according to the sequence specified on page 5 under Aluminium and Aluminium Alloys. The oxalic acid will dissolve completely
at the immersion temperature.

Prior conditioning (e.g. passivation) of the steel surface may delay the reaction between steel and etch solution. The etch treatment should be timed
from the onset of the reaction.

Wash with clean cold running water, then remove the black deposit* by immersing for 5-20 minutes at
60-65°C in the sulphuric acid + sodium dichromate (or chromium trioxide) etch specified on page 5 under
Aluminium and Aluminium Alloys.

Note Trials are recommended with the particular stainless steel to establish the optimum immersion conditions and proportions of the solution
constituents. Baths in use for the pretreatment of aluminium alloys must not be used concurrently for the pretreatment of steel.

*Alternatively, remove the black deposit by brushing, under clean cold running water, with a stiff-bristle nylon brush, and dry with hot air.
Highest bond strengths, however, are obtained after desmutting by the chemical treatment given above.

Warning Concentrated sulphuric acid and chromic acid are highly corrosive. Special care is needed when handling these chemicals.
See Part 5-Caution



Accomet C*, a solution containing chromium compounds, is an alternative to the chemical pretreatments for
stainless steels. Accomet C in diluted form is applied as a primer coating.
Instructions for use are given on page 9 under Primer for Metals.

Titanium and titanium alloys
Degrease according to Part 1-Degreasing (page 2). Then either abrade according to Part 2-Abrading (page 3),

or etch for 1-2 minutes at room temperature in a solution* of:

Concentrated nitric acid (S.G. ca 1.42) 9.5 litres
Hydroflouric acid (S.G. ca 1.17) 0.85 litres
Water 40 litres

Wash with clean cold running water, then immerse for 2-3 minutes at room temperature in a solution* of:

Trisodium phosphate (NA; PO, .12H,0) 1.75kg
Potassium flouride (KF.2H,0) 0.68kg
Hydroflouric acid (S.G. ca 1.17) 1 litre
Water 40 litres II

Wash with clean cold running water, immerse in clean deionised water' at 55-65°C for 15-20 minutes, remove,
wash with clean cold running water (brush off any remaining deposit with a clean stiff-bristle nylon brush) and
dry with hot air. The temperature of the hot water and air must not be greater than 65°C.

T Frequent renewing of the deionised water is recommended. Renewing is essential if turbidity appears.

The above chemical pretreatment is used mainly in the bonding of titanium alloy structures for aircraft.
Likewise used for this purpose is:

Etch for 10-20 minutes at room temperature in a solution* of:

Concentrated nitric acid (S.G ca 1.42) 4.5 litres
Hydroflouric acid (S.G ca 1.17) 0.45 litres
Water 10 litres

Wash with clean cold running water (brush off any deposit with a clean stiff-bristle nylon brush), then anodise
to give a blue surface film:

Solution: chromium trioxide CrO (60-80 grammes per litre of deionised water). Anode: titanium alloy part to
be bonded. Cathode: mild steel (for example). Anode-to-cathode area ratio: 3:1. Potential: increase at 4
volts/minute to 20 volts and maintain for 5-30 minutes, depending on the particular alloy type. Temperature of
solution: 38-40°C.

Wash with clean cold running water, followed by clean hot water, and dry with hot air. The temperature of the
hot water must not be greater than 65°C.

* Use a polythene or polypropylene container. Mixing procedure: add the acids to the water in a slow and steady stream with continuous stirring.

Warning Chromium trioxide is an exceptionally powerful oxidising agent. Hydroflouric acid and nitric acid are highly corrosive. Particular care is
essential when handling these chemicals. See Part 5-Caution.

Tungsten and tungsten carbide
Degrease according to Part 1-Degreasing (page 2). Then either abrade according to Part 2-Abrading (page 3),
or etch in a solution* of:

Caustic soda (sodium hydroxide) 15 kg
Water 35 litres

Immerse for 10 minutes at 80-90°C, wash with clean cold running water, followed by clean hot water, and dry
with hot air.

* Use a stress-relieved mild-steel container. ) Aluminium, tin and zinc-coated, galvanised or tinned ware are unsuitable for caustic soda.) Mixing
procedure: slowly sprinkle while stirring, flake or pearl caustic soda onto the cold water. Continue stirring until the soda is dissolved.
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Zinc and zinc alloys
Degrease according to Part 1 — Degreasing (page 2). Then either abrade according to Part 2 — Abrading (page 3), and
apply the adhesive immediately.

Or treat with Bonderite 255 solution according to the supplier’s directions:

Degrease, wash with clean cold water, dip (or spray) for 30-45 seconds in Bonderite 255 solution, wash with
clean cold water, and dry with hot air.

Primer for metals
- Accomet C

The proprietary product Accomet C is highly effective in diluted form as a primer for the bonding of steels and
aluminium alloys with Araldite adhesives. The metal surfaces are prepared as follows:

Surface preparation Degrease according to Part 1 — Degreasing (page 2). The best surface condition for wetting
out with Accomet C is obtained by a final degreasing with alkaline cleaner or detergent. See Part 1 — Degreasing
(page 3, section d).

Application Apply a thin coating of diluted Accomet C solution (by brushing, or by dipping and draining) to both the
surfaces to be bonded. Dry in hot air and cure.

Note The optimum weight of coating is dependant on the degree of dilution and should be established by trials. The dilution usually suitable is 1Y part
by volume of Accomet C to 4 parts by volume of clean cold water.

Warning: Care is needed to avoid build-up of an over-thick coating - e.g. in recessed areas or complex shapes. This is detrimental to bond
strength; moreover it raises a health hazard through dust formation. Accomet C contains hexavalent chromium compounds. Any splashes on the
skin should be washed off immediately with water. Dust from dried-off Accomet C must not be inhaled. Refer to Part 5 — Caution.

Curing Curing of the primer depends on the temperature at which the adhesive itself will be cured.

Araldite adhesives cured at temperatures below 100°C
Cure the film of Accomet C primer for at least 20 seconds at 100°C — 250°C. A typical curing schedule is 30 seconds
at 200°C. Allow to cool before applying the adhesive.

Araldite adhesives cured at temperatures above 100°C
The film of primer may be cured as above - i.e. prior to application of the adhesive. Alternatively apply the adhesive
to the dried film, assemble the joint and cure the adhesive and primer in one operation.

Plastics

Thermosetting plastics: Mouldings, castings, laminates, etc can usually be bonded without difficulty. To ensure
good bond strength, all soil and residual release agent must be removed from the joint surfaces before the Araldite
adhesive is applied. The surfaces must either be abraded with emery cloth or grit-blasted, or they must be cleaned
with a solvent such as acetone, methyl ethyl ketone, etc. Abrading or grit-blasting is recommended for mouldings
since their surfaces may otherwise repel the adhesive.

Thermoplastics: These are often difficult to bond. Certain types permit only moderately successful bonding, and
one and the same material may show considerable variation in properties determining the strength of a bond.
Special adhesives have been developed, but they usually prove to be unserviceable when thermoplastics have to be
bonded to materials such as wood, metal, etc. Araldite adhesives can be very useful in such cases even though their
suitability for bonding thermoplastics is only limited. Pretreated thermoplastics for special applications

(e.g. ski ‘skins’) are easily bonded with Araldite.

The grade of plastic and the manufacturing process used to make the component may influence the effectiveness of
the chemical pretreatment. It is advisable to establish by trial whether the pretreatment is improved by adjusting the
specified immersion time.

Note: Certain plastics are attacked by one or more of the halocarbon solvents listed in Part 1 — Degreasing. These plastics have suitable degreasing

agents specified in the procedures given below. If the procedure does not specify particular degreasing agents, the halocarbon solvents listed in Part 1
are safe to use for the short times normally sufficient to carry out degreasing.

In addition to the normal mechanical and chemical methods of pretreatment, certain plastics can be pretreated using
the following methods, all of which cause a change in the surface texture of the adherend. The change is brought
about by the interaction of highly energised species with the adherend surface. These pretreatment methods have
been applied to metals and in particular composites and plastics.
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A low pressure plasma is an excited gas generated by applying a high frequency and high voltage between
electrodes in a low pressure chamber. The advantage of this method is that it allows treatment of adherends by
different plasmas of argon, ammonia, oxygen or nitrogen making the process suitable for a range of substrate types.
Plasmas are generally used to activate the surfaces of adherends.

If instead, a plasma is created in air at atmospheric pressure, the air when ionised appears as a blue/purple glow
with faint sparking, and is termed a corona. Corona treatments are usually applied for preparing thin polymer films
and composite laminates.

The effect of a flame treatment is to oxidise the adherend, which produces polar groups creating a surface better
suited to wetting by the adhesive. This method of surface pretreatment has been applied successfully to
polyethylene/polypropylene. The variables of flame treatment include type of gas, gas/air (oxygen) ration, the rate of
flow of mixture, exposure time and distance between flame and adherend.

All these methods have limited stability and vary from hours to weeks according to substrate. Suppliers of specialist
equipment are listed on pages 18 and 19. Further information can be found in ISO 13895.

ABS plastics (acrylonitrile-butadiene-styrene)
Degrease according to Part 1 — Degreasing (page 2). Ketone solvents can be used advantageously for degreasing
ABS plastics. Then either abrade according to Part 2 — Abrading (page 3),

or etch in a solution of:

Concentrated sulphuric acid (S.G. ca 1.83) 10 litres
Sodium dichromate (Na,Cr,0,.2H,0) or

Potassium dichromate (K,Cr,0,) 140 gms
Water 3.3 litres

Immerse for 15 minutes at room temperature, wash with clean cold running water, followed by clean hot
water, and dry with hot air.

Note Prepare the solution according to the sequence specified on page 5 under Aluminium and Aluminium Alloys.

Warning Warning Concentrated sulphuric acid and chromic acid are highly corrosive and require special handling precautions.
See Part 5 — Caution.

Acetal plastics (e.g. ‘Delrin’, ‘Hostaform’)
Degrease according to Part 1 — Degreasing (page 2). Ketone solvents can be used advantageously for degreasing
Acetal plastics. Then either abrade according to Part 2 — Abrading (page 3),

or etch in a solution* of:

Concentrated sulphuric acid (S.G. ca 1.83) 10 litres
Sodium or potassium dichromate 140gms
Water 3.3 litres

Immerse for 5 minutes at room temperature, wash with clean cold running water, followed by clean hot water,
and dry with hot air.

Note Prepare solution according to the sequence specified on page 5 under Aluminium and Aluminium Alloys.

Warning Warning Concentrated sulphuric acid and chromic acid are highly corrosive and require special handling precautions.
See Part 5 — Caution.

The following* T solution is an alternative to the dichromate solution described above. It is more effective than the
dichromate solution but its use necessitates carefully controlled ventilation of the work-area to remove the acrid
fumes given off by the hot solution.

Para-Toluenesulphonic acid 50 gms
Dioxan 0.5 litre
Perchlorethylene 10 litres

Immerse for 5 minutes at 120°C, wash with clean cold running water, followed by clean hot water, and dry
with hot air.

T British Patent 1,025,675 (Celanese Corporation of America).

* Stresses due to moulding, machining etc, should be relieved by a suitable heat-treatment prior to acid etching. Advice concerning stress relieving
should be sought from the manufacturer.

Acetal plastics can also be pretreated using Plasma treatment. The articles should ideally be bonded as soon as
possible after Plasma treatment, but the treatment has a long effective shelf life enabling parts to be bonded several
days after treatment.
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Cellulose plastics
Degrease with a chlorinated solvent or detergent solution — according to Part 1 - Degreasing (page 2). Then abrade
according to Part 2 — Abrading (page 3).

Warm preferably for 1 hour at 100°C and apply the adhesive before the plastic cools completely to room
temperature.

Decorative and industrial laminates

Degrease according to Part 1 — Degreasing (page 2). Then abrade according to Part 2 — Abrading (page 3).
Note: Certain grades of decorative laminates are supplied sanded and need no abrasion.

or Pretreat using Corona/Plasma treatment (see Part 6 - Suppliers).

Glassfabric laminates

Degrease according to Part 1 — Degreasing (page 2). Then abrade according to Part 2 — Abrading (page 3).

Alternatively, design the laminate so that a ‘tear ply’ of fine closeweave polyester fabric is placed at the
surface to be bonded. (The ply becomes part of the laminate on curing.) Just prior to bonding, tear off the ply
to expose a fresh clean bond surface on the laminate.

Tear ply Tear ply

Bond
surface

Tear ply
of polyester fabric

—J—i i Glassfabric

laminate

Note Fineweave polyester sailcloths are a suitable tear-ply material.

Polyamides (Nylon)
Degrease according to Part 1 — Degreasing (page 2). Ketone solvents can be used advantageously to degrease
polyamide. Then either abrade according to Part 2 — Abrading (page 3),

or Prime with the two-part solution of Redux® 101 primer described on page 13 under Primer for
Thermoplastics.

or Pretreat using Corona/Plasma treatment (see Part 6 - Suppliers).

Polyacrylics (e.g. Perspex)

Degrease with alcohol solvent or detergent solution — according to Part 1 - Degreasing (page 2). Then abrade
according to Part 2 — Abrading (page 3), and remove dust with alcohol solvent.

For optimal results, it is recommended to stress relieve the plastic by annealing.

Polycarbonate (e.g. Makrolon; Lexan)
Degrease with alcohol solvent (e.g. isopropanol) or detergent solution - according to Part 1 - Degreasing (page 2).
Then abrade according to Part 2 - Abrading (page 3),

or Pretreat using Corona or Plasma treatment (see Part 6 — Suppliers).

11
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Polyesters

Thermosetting (unsaturated) polyester resins — see Thermosetting Plastics.

Thermoplastic (polyteraphthlate) polyester mouldings (‘Crastine’, ‘Kelanex’) and films (‘Melinex’, ‘Mylar’):
Degrease according to Part 1 — Degreasing (page 2), using ketone solvents. Then either abrade according to
Part 2 — Abrading (page 3),

or Pretreat by Corona or Plasma treatment. (See Part 6 - Suppliers.)
or Prime with the two-part solution described on page 13 under Primer for Thermoplastics,

or Etch in a solution of:
Caustic soda (2kg) in water 8 litres

Immerse for 6 minutes at 75-85°C, wash with clean running cold water, followed by clean hot water, and dry
with hot air. This treatment will give the best bond strengths

Note: Prepare the solution according to the sequence specified on page 8 under Tungsten and Tungsten Carbide.

Polyolefines (polythene, polypropylene)

Either lightly flame with a waving motion in an oxidising (i.e. blue — not yellow) gas flame until the surface is shiny.
Natural gas is particularly suitable, but care must be taken to avoid overheating and melting. (see also page 10).

or Pretreat by Corona or Plasma treatment. See Part 6 - Suppliers.

The following chemical treatment is in general an alternative to flame or corona treatment. Certain grades of
polypropylene are, however, not affected by the chemical solution and for these it is not efficaceous as a
pretreatment. Preliminary trials are essential when using the chemical solution as a pretreatment for polypropylene.

Degrease according to Part 1 — Degreasing* (page 2). Then etch in a solution of:

Concentrated sulphuric acid (S.G. ca 1.83) 10 litres
Sodium dichromate (Na,Cr,H,0) or

Potassium dichromate (K,Cr,0,) 0.3 kg
Water 2 litres

Immerse for 15 minutes at room temperature, wash with clean cold running water, followed by clean hot
water, and dry with hot air.

Note Prepare the solution according to the sequence specified on page 5 under Aluminium and Aluminium Alloys.
Warning: Concentrated sulphuric acid awnd chromic acid are highly corrosive and require special handling precautions. See Part 5 - Caution.

Proprietary primers for polypropylene are available which provide an alternative to flame, corona and chemical
pretreatments described above. Almost as effective as these pretreatments is degreasing according to Part 1 -
Degreasing (page 2), then priming with ISF Polypropylene Primer (according to the supplier’s directions), and
allowing to dry in air.

*Certain grades of polythene are attacked by trichloroethylene. It is advisable to use an alternative solvent. See page 2 — when degreasing polythene.

Polyphenylene oxide and similar plastics

Degrease according to Part 1 — Degreasing (page 2), using alcohol solvents. Then either abrade according to Part 2 —
Abrading (page 3),

or etch in sulphuric acid/dichromate solution at 70°C for 15 seconds and rinse in clean running water. Dry
with hot air.

Polystyrene

Degrease with alcohol solvent or detergent solution according to Part 1 — Degreasing (page 2). Then either abrade
according to Part 2 — Abrading (page 3).

The following alternative procedure is more effective than the above but the solution is considerably less convenient
to handle.

Or etch in a solution of:

Concentrated sulphuric acid (S.G. ca 1.83) 10 litres
Sodium dichromate or potassium dichromate 0.3 kg
Water 2 litres
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Immerse for 15 minutes at 68-72°C, wash with clean cold running water, followed by clean hot water, and dry
with hot air.

Note Prepare the solution according to the sequence specified on page 5 under Aluminium and Aluminium Alloys.

Warning Concentrated sulphuric acid and chromic acid are highly corrosive and require special handling precautions. See Part 5 — Caution.

Polyurethane
Degrease according to Part 1 — Degreasing (page 2). Then abrade according to Part 2 — Abrading (page 3).

or Pretreat with Corona/Plasma treatment (see Part 6 — Suppliers).

PTFE and similar fluorocarbon plastics*

Fluorocarbon plastics such as PTFE (‘Fluon’, ‘Teflon’) cannot normally be bonded in the untreated condition. There
are, however, specialised processes (involving flame oxidisation or exposure to dispersions of metallic sodium) for
treating the surfaces of fluorocarbon plastics. PTFE already treated by such processes is available from suppliers
listed in Part 6.

An etch solution can be made up as follows:

Pour 2 litres tetrahydrofurane into a three-necked flask fitted with a calcium chloride tube and a mixer. In it
dissolve 256 grammes naphthalene, then add 46 grammes fragmented metallic sodium. The sodium will take
about 2 hours to react with the naphthalene. The solution will then be brownish black in colour and ready for
etching PTFE; it will keep for 2 to 3 months in a sealed container.

Immerse the PTFE surfaces for about 15 minutes at room temperature, then wash them with acetone,
followed with clean running water, and dry thoroughly. The dry, etched PTFE will be brown in colour.

PTFE pretreated for bonding with Araldite is available in foil and sheet form from various firms. Names and
addresses are available on request.

Suppliers of proprietary etches include:

R. D. Taylor, 240 Edmiston Drive, Ibrox, Glasgow GS1 2YT
(tel. 0141 427 5103).

C.Huth & Séhne, Bietigheim/Wiirtt, Germany. (Teflon-Atzmittel Typ AM 92).
* The principal flourocarbon plastics are: PTFE (polytetrafluoroethylene), PCTFE (polychlorotrifluoroethylene), FEP (fluorinatedethylene-propylene) and

PVF (polyvinylfluoride).

Warning: Metallic sodium is dangerous in contact with air or water, special care is needed when handling this material. See Part 5 — Caution.

PVC
Degrease according to Part 1 — Degreasing (page 2), using Ketone or chlorinated solvents. Then abrade according to
Part 2 — Abrading (page 3).

Thermosetting plastics (amino, diallyl phthalate, epoxy, phenolic, unsaturated polyester)
Degrease according to Part 1 — Degreasing (page 2), using ketone solvents. Then abrade according to Part 2 -
Abrading (page 3).

Note Laminated thermosetting plastics. See page 11.

Primer for
thermoplastics

]
The primer described below is a two part low-viscosity cold-setting solution. The primer markedly improves the bond

strengths of Araldite adhesives to nylon-type plastics (nylon and similar polyamide products). The use of the primer

is recommended when bonding nylon-type plastics to themselves — or to other materials such as metal or glass. The

primer likewise improves the bond strengths of Araldite adhesives to certain different plastics, such as Perspex,

polycarbonate, polystyrene and thermoplastic polyesters.

The primer is also effective as a surface protection solution for these plastics types when there is to be a delay
between pretreatment and bonding. The primed surfaces — kept in a dust-free atmosphere (for example, in polythene
bags or covered by polythene sheet) in a clean dry place — remain effective for 2-3 months.

13



The primer is a resin + hardener solution mixture consisting of:

Resin solution Redux 101 100 pbw
Hardener solution para-Toluenesulphonic acid 2.9 pbw
Industrial methylated spirit 25 pbw

The two solutions must be stored separately. Prior to use: mix the resin and hardener solutions together at room
temperature, stirring thoroughly. The correct ratio must be ensured.

A 2 litre quantity of mixture has a usable life of ca 6 hours at room temperature.

Apply a thin even coating of the mixture by spatula, brush or roller to the bond surfaces of the thermoplastic only.
Diluting the mixture with methylated spirit facilitates spray or dip application.

Dry and partially cure the coated surfaces before applying the Araldite adhesive. Typical times are:
4 hours at 20°C or 1 hour at 40°C or 10 mins at 60°C or 5 mins at 80°C or 3 mins at 100°C.

Apply the Araldite adhesive to the primed surfaces, assemble the joint and, while maintaining light contact pressure,
cure the primer plus adhesive in one operation.

IT

Miscellaneous

materials
.|

Asbestos board
Degrease according to Part 1 — Degreasing (page 2). Allow the board to stand a few minutes to ensure all the
degreasing agent evaporates out.

Warning: Loose particles and dust must be removed with extreme care — asbestos is a serious hazard by inhalation of fibres. Refer to local
regulations.

Bricks and other fired non-glazed building materials
Degrease according to Part 1 — Degreasing (page 2). Brush with a wire brush and remove dust.

Carbon
Degrease according to Part 1 — Degreasing (page 2). Abrade with fine abrasive cloth or paper, and remove dust.

Ceramics
Degrease according to Part 1 — Degreasing (page 2). Abrade with a slurry of silicon carbide powder and water.

Concrete
Remove heavy grime and laitance by wire brushing. Degrease with detergent solution, according to Part 1 —
Degreasing (page 3, section d).

Note: Where concrete is deteriorated and weak, the surface must be removed until sound concrete is exposed.

Even where concrete is sound, it should be pretreated wherever practicable by one of the following methods.
Method 1 is more effective than 2, and 2 is more effective than 3.

1. Remove by mechanical scarification 3mm - or more - of all surfaces to be bonded, then remove dust
preferably by vacuum cleaner; or

2. Sand-blast about 1.5mm off all surfaces to be bonded, then remove dust preferably by vacuum
cleaner; or

3. Etch with 12% hydrochloric acid or sulphamic acid solution (1litre per square metre, spread by stiff-
bristle brooms) until bubbling subsides (about 15 minutes). Wash with clean water by high-pressure hose
until all slush is removed and the surface is neutral to litmus. Final rinsing with 1% ammonia solution
followed by clean water is good practice - this ensures thorough neutralisation. Allow the surface to dry
thoroughly. Remove dust preferably by vacuum cleaner.

Note: Preparation of 12% hydrochloric acid solution: pour 2 litres of clean cold water into a clean polythene or earthenware container. While
stirring the water, add 1 litre of concentrated hydrochloric acid (S.G. ca 1.18) in a slow steady stream. Preparation of 12% sulphamic acid solution:
fill a calibrated clean polythene or earthenware container to the 8litre mark with clean warm water. Slowly sprinkle, with stirring, 1kg of sulphamic
acid crystals onto the water. Continue stirring until the acid is completely dissolved. (The crystals do not dissolve in cold water).

Warning: Concentrated hydrochloric acid is a highly corrosive chemical. Particular care is needed when handling the acid.
See Part 5 — Caution (page 17).

Earthenware
Degrease according to Part 1 — Degreasing (page 2). Then abrade according to Part 2 — Abrading (page 3).
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Glass

Degrease according to Part 1 — Degreasing (page 2)*. Then abrade according to Part 2 — Abrading (page 3).

Either warm for > hour at 100°C and apply the adhesive before the glass cools completely to room temperature,

Or, for bonds with improved long-term resistance to water:

Prime the glass surfaces with 5% solution of Silane A-187. Allow to dry in air — or dry with hot air.

Note: Preparation of 5% Silane A-187 solution: pour 85ml of methylated spirit into a container with a 100ml calibration mark. Add 5ml of Silane A-187.

Stir thoroughly, then fill to the 100ml calibration mark with water. (This 9: 1 methylated spirit + water mixture imparts 2-3 days storage stability to the
solution).

Warning Silane A-187 is toxic: it is harmful if taken internally or absorbed through the skin. Goggles and protective clothing must be worn when
Silane A-187 is handled.

* Treatment with the sulphuric acid + sodium dichromate solution specified on page 5 under Aluminium and Aluminium Alloys is a highly effective method
for degreasing glass. Immerse for 30 seconds at 60-65c, then wash with clean cold running water, followed by clean hot water, and dry with hot air.
Graphite

Degrease according to Part 1 - Degreasing (page 2). Abrade with fine abrasive paper or cloth, and remove dust.

Jewels
Degrease according to Part 1 — Degreasing (page 2).

Leather
Degrease according to Part 1 — Degreasing (page 2). Roughen with abrasive paper and remove loose particles.

Plaster
Allow the surface to dry thoroughly. Smooth with fine abrasive paper or cloth, and remove dust.

Rubber
Degrease with trichlorotrifluoroethane or detergent solution — according to Part 1 — Degreasing (page 2). Then etch
with modified bleach solution, with concentrated sulphuric acid depending on the type of rubber.

Note: Degreasing with clean cold trichloroethylene is effective as a pretreatment for certain rubber types — see the comparison table on page 16.
Particular care must be taken when handling trichloroethylene and trichlorotrifluoroethane. See Part 5 — Caution (page 17). Owing to the increased
toxic hazard raised, the manual use of trichloroethylene is in general not an approved practice.

Modified bleach solution

Household bleach (standard type) 300ml
Concentrated hydrochloric acid (S.G. ca 1.18) 50ml
Water 10 litres

Immerse for 1-3 minutes at room temperature, wash with cold clean water, followed by clean hot water, and dry with
hot air.

Note: Concentrated hydrochloric acid is a highly corrosive chemical. Particular care is needed when handling the acid. See Part 5 — Caution (page 17).

Prepare the modified bleach solution by pouring the clean water into a clean container made of plastic, glass or
similar inert ware. While stirring the water, add the concentrated hydrochloric acid in a slow steady stream. Then add
the household bleach, stirring it thoroughly into the diluted acid. Never pour the household bleach into the acid (or
the other way round) without adding the water first.

Fresh solution should be made up each day. The solution gives off chlorine: good ventilation is essential.

Sulphuric acid etch
Concentrated sulphuric acid (S.G. ca 1.83)

Immerse for 2-10 minutes at room temperature, wash with clean cold running ware, followed by clean hot water, and
dry with hot air.

Note: Immersion time depends on the rubber type and grade. For optimum surface properties, immersion should continue only until flexing the rubber
produces fine crazing over the joint surfaces. Particular care is needed when handling concentrated sulphuric acid. See Part 5 — Caution (page 17).

Vertical surfaces may be treated with a paste prepared by adding sufficient barytes powder to the acid to prevent it
from flowing.
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The modified bleach solution is however considerably less hazardous to handle than concentrated sulphuric acid.

Relative effectiveness of pretreatment liquids

Trichloroethylene Modified Sulpuric
solvent bleach solution acid

Effectiveness of solvent or solution

Butyl R R -

Ethylene propylenediene

monomer (EPDMR) R E E

Natural E R -

Neoprene - - R II
Nitrile R R* -

Styrene-butadiene - - E

Key: R =Recommended E = Effective - = Not Effective

Joints pretreated with a liquid rated as Recommended for the particular rubber type give the highest bond strengths.
The use of a liquid rated as Effective gives substantially improved bond strengths; they are however, less than the
strengths obtained after pretreatment with a Recommended liquid.

* Nitrile rubber joints Highest bond strengths are obtained after pretreatmnent with modified bleach and bonding with Araldite
AY 103 + Hardener HY 991. Nitrile rubber joints bonded with different Araldite adhesives give lower bond strengths. The best bond strengths given by
these alternative adhesives are obtained after pretreatment with trichloroethylene.

Rubber-silicone
Silicone rubbers, by their chemical nature, are unsuitable for bonding with Araldite adhesives.

Stonework
All the surfaces to dry thoroughly. Brush with a wire brush and remove dust.

Wood
Ensure the wood is dry. Plane — or abrade with glass paper and remove dust.

Note The moisture content of the wood should not exceed 16%. Some hardwoods can be difficult to bond.

Part 4 - Essentials
for maximum

bond strength

Araldite adhesives are simple to use, but to ensure successful bonding the directions given in the instructions
supplied with the adhesive must be strictly observed.

In particular:

1. Resin and hardener must be correctly proportioned and thoroughly mixed together.

2. Joint surfaces must be degreased and, when necessary, pretreated.

3. Curing temperature and curing time must be correct.

4. Jigs or other fixtures must be used to prevent the bond surfaces from moving relative to one another

during the curing process.
5. Though only light pressure is needed, it should be applied as evenly as possible over the whole bond area.
Excessive pressure leaves the joint starved of adhesive.
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General

This manual lists many chemicals that require cautionary labelling under local legislation in many countries, e.g. UK
legislation — Chemicals (Hazard Information on Packages) Regulations 1993. It is important to read, and fully
understand, suppliers’ technical and safety data sheets, making sure all precautions are in place before commencing
work.

Halocarbon solvents
As halocarbon solvents remove the natural grease from the skin, contact with the hands should be avoided as far as
possible. Suitable gloves - e.g. nitrile, should be worn.

The place of work should be well ventilated with an efficient extraction system. Information on safe working
concentrations of vapour is given in the current edition of Occupational Exposure Limits — Guidance EH40*.

The vapours from halocarbon solvents have an anaesthetic effect and consequently cause drowsiness if inhaled in
quantity. Any person so affected should lie down in the open air and be kept quiet and warm (given no exercise)
while a doctor is called.

*Guidance Note EH40 is available from HSE Books, PO Box 199, Sudbury, Suffolk CO10 6FS. Outside the UK, advice should be sought from the Health
and Safety Authority in the user’s country.

Where halocarbon vapour is present, open flames and smoking must be prohibited — they cause the vapour to form
poisonous gases.

Acids, caustic soda, etc.

Concentrated acids, oxidising agents e.g. dichromates, and hot caustic soda solution are highly corrosive chemicals.
Spillages and splashes can cause severe damage to eyes and skin, and attack ordinary clothing. Fine-particle mists
resulting from the stirring or agitation of the solutions can present a severe respiratory hazard. Operators must wear
personal protection e.g. goggles, protective clothing, respirators.

Important Never pour water into acids. Always pour the acid in a slow steady stream into the water, with continuous stirring. Bear in mind that the
handling hazard is intensified when the acid is hot.

Chromium Compounds
These materials have health hazards ranging from harmful to those that are highly toxic and carcinogenic. Ensure
that the latest safety data is available for the particular compound chosen.

Sodium

Pieces of sodium react violently and may explode on contact with water, emitting flammable hydrogen gas. Sodium
burns spontaneously in air and vapours ignite at room temperature. It also reacts explosively with many aqueous
solutions and some organic solvents — mainly chlorinated hydrocarbons — and reacts vigorously with many others on
heating. Sodium reacts incandescently with some (mostly halogenated) compounds. Mixtures of sodium and metal
halides are sensitive to mechanical shock. Sodium is highly toxic and corrosive, causing severe thermal and caustic
burns to tissues in the presence of moisture.

Araldite products

Araldite resins and hardeners are generally quite harmless to handle provided that certain precautions normally taken
when handling chemicals are observed. The uncured materials must not, for instance, be allowed to come in contact
with foodstuffs or food utensils, and measures should be taken to prevent the uncured materials from coming in
contact with the skin, since people with particularly sensitive skin may be affected. The wearing of impervious rubber
or plastic gloves will normally be necessary; likewise the use of eye protection. The skin should be thoroughly
cleansed at the end of each working period by washing with soap and warm water. The use of solvents is to be
avoided. Disposable paper towels — not cloth towels — should be used to dry the skin. Adequate ventilation of the
working area is recommended. These precautions are described in greater detail in the Huntsman Advanced
Materials Manual Hygienic Precautions for Handling Plastics Products of Huntsman Advanced Materials and in the
Huntsman Advanced Materials Product Safety Data Sheets for the individual products. These publications are
available on request and should be referred to for fuller information.
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Part 6 - Suppliers

Selected suppliers of pretreatment materials and adhesives processing equipment

Abrasives and blasting equipment
Matrasur département Vocublast, Z.A. Les Glaises, 36 avenue du 1er Mai, 91124 Palaiseau Cedex, France
(tel. (1) 69 19 17 25)

Wheelabrator Sisson Lehmann, Z.I. de Mahon, 24 rue Camille Didier, B.P. 39, 08001 Charleville Mezieres
Cedex, France (tel. (?) 24 33 63 00)

RAGA GmbH, Kriegsbergstr. 12, D-71336 Waiblingen, Germany (tel. 07151-98901-0)
Werkzeug-und Industrieausrtistungs GmbH, Niederstr. 24, D-40789 Mannheim, Germany (tel. 02173-52029)

Abrasive Developments Limited, Norman House, Henley-in-Arden, Solihull, West Midlands B95 5AH, UK
(tel. 01564-792231)

Guyson International Limited, PO Box 18, West Yorkshire LS21 1RD, UK (tel. 01756 69911) II
UCF, Woodson House, Ajax Avenue, Slough SL1 4DJ, UK (tel. 01753 526511)

Solvents and chemicals

Accomet C
Albright & Wilson Ltd, Surface Technologies European Headquarters, PO Box 3, 210-222 Hagley Road West,
Oldbury, Warley, West Midlands B68 ONN, UK (tel. 0121-429-4942)

Bonderite 255
Brent Europe, Adrox Pyrene Limited, Ridgeway, Iver, Buckinghamshire (tel. 01753 630200)

ISF Polypropylene Primer
International Shoe Findings Ltd, Thurmaston Boulevard, Leicester LE4 7HS, UK (tel. 01162 742222)

Redux 101
Hexcel Composites, Duxford, Cambridge CB2 4QA (tel. 01223 833141)

Silane A-187
Albright and Wilson Limited, 210-222 Hagley Road West, Warley, West Midlands B68 ONN
(tel. 0121 429 4942)

Trichloroethylene
Lambert & Riviere, 17 ave Louison Bobet, Val de Fontenay, 94132 Fontenay Sous Bois Cedex, France
(tel. (1) 49 74 80 80)

S.P.C.I. (Sté de Produits Chimiques Industriels), 43 rue Cristino Garcia, B.P. 43, 93212 La Plaine Saint Denis,
France (tel. (1) 49 33 31 31)

Biesterfeld, GertrudenstraBe 14, D-20095 Hamburg, Germany (tel. 040-30080)
Brenntag AG & Co, Humboldring 15, D-45472 Milheim a.d. Ruhr, Germany (tel. 0208-4940)
Deutsche Solvay-Werke GmbH, Langhansstr 6, D-42697 Solingen, Germany (tel. 0212-704-0)

ICI Chemicals & Polymers Ltd, Solvents Sales Department, PO Box 14, Runcorn, Cheshire WA7 4QG, UK
(tel. 01928 511190)

Samuel Banner & Co Ltd, 59-61 Sandhills Lane, Liverpool L5 9XL, UK (tel. 0151 944 7000)
Plasma and Corona Pretreatment equipment

Sherman Treaters N.A. Inc, 964, Westport Crescent, Unit 7, Mississauga, Ontario, L5T 1Gl, Canada
(tel. (416) 670 9117)

RR Print A/S, Rodovrevej 245, DK-2610 Rodovre, Denmark (tel. 010 45 31 41 36 66)
Cogeplast, 39 rue Rouvrel, 80110 Mailly Raineval, France (tel. (3) 22 09 82 43)
Polymix Z.1., 6 rue de I'lndustrie, 68126 Bemlihr Sare, France (tel. (3) 89 20 13 80)

Perkin Elmer (Division Instruments), 1 rue Franklin, B.P. 304, 78054 Saint Quentin en Yvelynes Cedex, France
(tel. (1) 30 85 63 63)

Marcatec International, 10 rue du Noyer, F-67203 Oberschaeffolsheim, France (tel. (3) 8878 5880)
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Soreprind, 2 rue Condorcet 4200 Saint Etienne, France (tel. (4) 77 74 20 01)

Arcotec Oberflachentechnik GmbH, D-7251 Wimsheim, Mdnsheimer StraBe 20, Postfach 1101, Germany
(tel. 07044 5952/4077)

BMP Plasmatechnologie GmbH, Dr. Guido Bell, Weissenfelder StraBe 4, D-85551, Kirchheim, Germany
(tel. 089-9039903)

Buck Technologien, Plasma Electronic, Buck Plasma Electronic GmbH, Fabrikstr. 17, D-70794 Filderstadt,
Germany (tel. 0711-77903-0)

Haug GmbH & Co. KG, Friedrich-List-Strasse 18, 7022 Leinfelden-Echterdingen 2, Germany
(tel. 0711 94980)

Plasma-electronic, FabrikstraBe 17, D-7024 Filderstadt 4 (Bonlanden), Germany (tel. 0711-7775517)

Plasmatechnologie Blersch GmbH, Eichenweg 13, D-70771 Leinfelden-Echterdingen, Germany
(tel. 0711-791106)

Technics Plasma GmbH, Dieselstr. 22a, D-85551 Kirchheim (bei Miinchen) Germany (tel. 089-905030)
Tigres Dr. Gerstenberg GmbH i.G., Zum Furstentor 11, D-21079 Hamburg, Germant (tel. 040-79012300)
Plasonic Oberflachentechnik GmbH, Carl Zeiss StraBe 9, D-70839 Gerlingen, Germany (tel. 07156-23711)
Webber Brennertechnik, Landmannweg 18, 4600 Dortmund — Oespel 1, Germany (tel. 0231 652 438)

The Aerogen Company Limited, Newman Lane, Alton, Hampshire GU34 2QW, UK (tel. 01420 83744)
Combustion Engineering Consultancy, Weydale Rise, Alton, Hampshire GU34 2TY, UK

Sherman Treaters Ltd, Dormer Road, Thame Industrial Estate, Thame, Oxon OX9 3UW, UK
(tel. 01844 213686)

Acovent Srl, Via Cavour, 81-83, 20030 Senago, Milan, Italy (tel. (2) 998 61 9192)

F.D.M., S.R.L., Corco Sempione 80/a, 1-20015 Parabiago, Milano, Italy (tel. 331 554 826)
Logopak 8.V, Prof. Lorentzweg 6 B, NL-5140 Waalwijk (tel. 4160 44144)

Tantec Inc, 630 Estes Avenue, Schaumburg, IL 60193, USA (tel. (708) 529 5506)

Flame pretreatment equipment

Sherman Treaters N.A. Inc., 964, Westport Crescent, Unit 7, Mississauga, Ontario, L5T 1Gl, Canada
(tel. (416) 670 9117)

RR Print A/S, Rodovrevej 245, DK-2610 Rodovre, Denmark (tel. 31 41 36 66)

Boussey Control, 10 rue d’Abrantés, 21500 Montbard, France (tel. (3) 80 89 1 10)

Donze, La Flie, B.P. 51, 54460 Liverdun, France (tel. (3) 83 24 49 95)

Soreprind, 2 rue Condorcet 4200 Saint Etienne, France (tel. 77 74 20 01)

Webber Brennertechnik, Landmannweg 18, 4600 Dortmund — Oespel 1, Germany (tel. 0231 652 438)
The Aerogen Company Limited, Newman Lane, Alton, Hampshire GU34 2QW, UK (tel. 01420 83744)

Sherman Treaters Ltd, Dormer Road, Thame Industrial Estate, Thame, Oxon, OX9 3UW, UK
(tel. 01844 213686)

Flynn Controls B.V., Industrial Control Systems, Zonnebaan 27-29, 3606 CH Maarssen, Holland
(tel. 30 41 4199)

Acovent Srl, Via Cavour, 81-83, 20030 Senago, Milan, Italy (tel. (2) 998 61 9192)
Flame Treaters esse Cl s.r.|, Via Flaminia 386 1-05035 Narni TR, Italy (tel. (0744) 72 67 41)

Matsuzaka Co.Ltd, S.Otsuka, Nishimatsu Bldg, 20-10 Toranomon, 1 Chome Minato-Ku, Tokyo 105 Japan
(tel. 011/81 33 502 1251)

Flynn Burner Corporation, 425 Fifth Avenue, New Rochelle, NY 10802, USA (tel. (914) 636 1320)
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Part 7 - Index to

materials
.|

The individual materials covered by this instruction manual are mainly those in common use in industry. Engineers
contemplating the bonding of particular materials not listed below are invited to submit enquiries concerning
appropriate pretreatments to our technical staff.

Material Page Material Page
ABS plastics Nickel and nickel alloys 7
(acrylonitrile-butadiene-styrene) 10 Nylon 11
Acetal plastics
(‘Delrin, ‘Hostaform’) 10 Perspex 11
Aluminium and aluminium alloys 5 Phenolic plastics — see Thermosetting plastics 13
Amino-plastics — see Thermosetting plastics 13 Plaster 15
Asbestos board 14 Polyacrylics 11

Polycarbonate 11 11
Bricks and other fired non-glazed Polyesters — thermoplastic 12
building material 14 Polyesters — thermosetting —

See Thermosetting plastics 13
Cadmium 5 Polyolefines (polythene, polypropylene) 12
Carbon 14 Polyphenylene oxide and similar plastics 12
Cellulose plastics 11 Polystyrene 12
Ceramics 14 Polyteraphthalate (‘Crastine’, ‘Kelanex’,'Melinex’,
Chromium 5 ‘Mylar’) - see Polyesters - thermoplastic 12
Concrete 14 Polyurethane 13
Copper and copper alloys 5 PTFE and similar fluorocarbon plastics 13

PVC 13
Decorative and industrial laminates "
Diallyl phthalate — see Thermosetting plastics 13 Rubber - butyl, EPDMR, natural,

Neoprene, nitrile, SBR 15
Earthenware 14 Rubber - silicone 16
Epoxy resins — see Thermosetting plastics 13

Silver 7
Galvanised surfaces 6 Steel — mild 7
Glass 15 Steel - stainless 7
Glassfabric laminates ih! Stonework 16
Gold 6
Graphite 15 Thermosetting plastics 13

Titanium and titanium alloys 8
Jewels 15 Tungsten and tungsten carbide 8
Magnesium and magnesium alloys 6 Wood 16

Zinc and zinc alloys 9

All recommendations for use of our products, whether given by us in writing, verbally, or to be implied from the results of test carried out by us, are based
on the current state of our knowledge. Notwithstanding any such recommendations the Buyer shall remain responsible for satisfying himself that the
products as supplied by us are suitable for his intended process or purpose. Since we cannot control the application, use or processing of the products,
we cannot accept responsibility therefor. The Buyer shall ensure that the intended use of the products will not infringe any third party’s intellectual rights.
We warrant that our products are free from defects in accordance with and subject to our general conditions of supply.

Mandatory and recommended industrial hygiene procedures should be followed whenever our products are being handled and processed. For additional
information, please consult the corresponding product safety and data sheets.

Vantico Ltd

Duxford

Cambridge CB2 4QA

U.K.

Tel: +44 (0)1223 493001
Fax +44 (0)1223 493002

www.araldite.com

HUNTSMVAN

Publication no. A.15p-GB.1000/02/01/ Printed in Great Britain
®Araldite is a registered trademark of Vantico AG, Basel, Switzerland.
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NTN

Open type Shielded type

1. Design features and special characteristics

Deep groove ball bearings are very widely used. A deep
groove is formed on each inner and outer ring of the bearing
enabling them to sustain radial and axial loads in either
direction as well as well as the complex loads which result
from the combination of these forces. Deep groove ball
bearings are suitable for high speed applications.

Table 1 Sealed ball bearings: construction and characteristics

Expansion Compensating Bearing

Sealed type (non-contact)

In addition to unsealed bearings, deep groove ball
bearings include ball bearings with greased sealed inside
(sealed or shielded) and bearings with a snap ring that
simplify structure around the bearing and design.

Table 1 shows the construction and special characteristics
of various sealed deep groove ball bearings.

Type, code no.

Shielded type

Sealed type

Non-contact type ZZ

Non-contact type LLB

Contact type LLU

Low torque type LLH

Construction

® Metal shield plate is
affixed to outside ring;
inner ring incorporates
a V-groove and
labyrinth clearance.

® Outer ring incorporates
synthetic rubber molded
to a steel plate; seal
edge is aligned with
V-groove along inner

® Outer ring incorporates
synthetic rubber molded
to a steel plate; seal
edge contacts V-groove
along inner ring

® Basic construction the
same as LU type, but
specially designed lip
on edge of seal
prevents penetration by

ring surface with surface. foreign matter; low
labyrinth clearance. torque construction.
§ Torque Low Low Rather high Medium
é Dust proofing Very good Better than ZZ-type Excellent Much better than LLB-type
g Water proofing Poor Poor Very good Very good
= A q Al
s High speed capacity Same as open type Same as open type Limited by contact seals Much better than LLU-type
8 Allowable temp.range ° Depends on lubricant 25001200 25001100 25001200

@ Please consult NTN Engineering about applications which exceed the allowable temperature range of products listed on this table.
Note : This chart lists double shielded and double sealed bearings, but single shielded (Z) and single sealed (LB, LU, LH) are also available.
Grease lubrication should be used with single shielded and single sealed bearings.

B-5
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2. Standard cage types

As shown in Table 2, pressed cages are generally used in
deep groove ball bearings. Machined cages are however
used for large bearings and high-speed bearings.

Table 2 Standard cage for deep groove ball bearings

Bearing series| Pressed cages Machined cages
67 67000 6706 —
68 68000 6834 683601 680 600
69 69000 6934 693600 6901 500
160 160010 16052 160560 16072
60 60000 6052 605601 6084
62 620000 6244 —
63 63000 6344 —
64 64030 6416 —

3. Other bearing types

3.1 Bearings with snap rings

Some bearings accommodate a snap ring which is
attached along the outer diameter of the outer ring. By using
shap rings, positioning in the axial direction is possible and
housing installation is simplified. In addition to open type,
shielded and sealed types are also manufactured. Consult
NTN Engineering.

3. 2 Expansion compensating bearings
(creep prevention bearings)

The boundary dimensions of expansion compensating deep
groove ball bearings are the same as for standard bearings,
but formed high polymer material with a high expansion rate
is provided in the grooves on the outer circumference of the
outer ring (see Diagram 1) .

Due to the extremely small difference of thermal expansion
attained between the fitted surfaces of the high polymer
equipped outer ring and the light alloy bearing housing, a
good interference fit can be achieved with stable
performance across a wide temperature range. Another

High polymer material

-
()

N ——

Diagram 1. Expansion compensating bearings

advantage is a large reduction in the occurrence of outer ring
creeping.

(1) Allowable load

Maximum allowable load Cp (refer to the table of boundary
dimensions) has been determined in accordance with outer
ring strength; therefore, it is necessary to select a bearing 11
with a maximum allowable load greater than the largest
anticipated bearing load.

(2) Housing and bearing fit

Table 3 shows the recommended fits for bearings with
light metal alloy housings.

In cases where the bearing is going to be interference fit
with the housing, it is very important not to damage the high
polymer material. Therefore it is essential that the lip of the
housing diameter be given a 10°-15° chamfer as shown in
Diagram 2.

Furthermore, as shown in Diagram 2, it is also advisable to
apply the interference fit using a press in order not force the
bearing into the housing in a misaligned position. (Diagram 2)

(3) Radial internal clearance

Regulations for radial internal clearance are the same as
those for standard deep groove ball bearings. For standard
fit and application conditions, a C3 clearance is used with

Table 3 Recommended fits for outer ring and housing bore

Conditions Suitable | Housing bore

Housing material | bearing |tolerance class

Load type, etc.

Rotating outer ring load

Rotating inner ring load; Al alloy g;?geggﬁg;e
light load Mg alloy H6

Direction indeterminate load; | Other light alloys | Cylindrical
ordinary load roller bearing

Rotating outer ring load; Thick-
Al alloy
heavy load walled type
Direction indeterminate load; | M9 alloy deep groove N6
shock load Other light alloys | ball bearing
0.5mm 10°0 15°

over

Diagram 2. Fitting method and housing inner diameter chamfer
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this bearing.
For more detailed information concerning this bearing and
the availability of roller bearings contact NTN Engineering.

(4) Allowable temperature range
-2000 120°C

3.3 Long-life bearings (TMB/TAB bearings)

Boundary dimensions of long-life bearings are the same as
those of standard deep groove ball bearings, but the
bearings have undergone special heat treatment that
considerably extends wear life.

These bearings are especially effective in countering
reduced wear life due to the effects of infiltration by dust and
other foreign matter.

Features are as follows:

® Rated load is the same as standard bearings, but shaft

characteristics factor is a- = 2.2 for TMB bearings and a-
= 3.6 for TAB.

® TMB 62 series bearings can be used in place of

standard 63 series bearings enabling lighter weight,
more compact designs

® Greater resistance to reduced wear life due to infiltration

by dust and other foreign matter

Dimensions for these bearings are not provided in the
dimensions table. For details, please contact NTN
Engineering.

3.4 AC bearings (creep prevention bearings)

AC bearings have the same boundary dimensions as
standard bearings with the addition of two O-rings imbedded

O-rings

e

o

Diagram 3. AC bearing

B-7

NTN

in the outside circumference of the outer ring. (Diagram 3)
This bearing has a steel housing, can withstand rotating
outer ring loads, and is suitable for applications where a "tight
fit" is not possible but the fear of creeping exists. With its
capacity for axial load displacement, an AC bearing can also
be installed as a floating side bearing to accommodate shaft
fluctuations. Before installing the bearing into the housing,
high viscosity oil (base oil viscosity, 100 mm?/s or more) or
grease should be applied to the space between the two O-
rings. This lubricant forms a thin oil layer inside the bearing
which prevents contact between the outer ring and housing,
lowers the coefficient of friction, and is still able to prevent
creeping by utilizing the friction force of the O-rings.Outer ring
spin is prevented by friction force of the O-ring and housing.

For dimensional specifications, handling procedures, and
other detailed information concerning AC bearings, contact
NTN Engineering.

(1) Allowable load

Because allowable load Cp that takes outer ring strength
into account (see dimensions table) is established, selection
must be made so that maximum load on the bearing does
not exceed Cp.

(2) Fit with housing
Table 4 gives recommended fit with steel housing.

Oil

0

Min. 0.006D AL

oD G7

Diagram 4. Housing

Table 4 dimensions and shape

Housing bore tolerance G7

Housing bore entrance chamfer Max. 30°C

Housing bore chamfer grinding undercut Min. 0.006D

Housing bore finish roughness 2.50 m Ra

Housing bore roundness 1/2 bearing housing dimension tolerance

(3) Allowable temperature range
-25[0120°C
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oD @d
@) @ @
g O B 8 0 |
Open type Shielded type Non-contact Low torque Contact
(2z) sealed type sealed type sealed type
(LLB, LLF) (LLH) (LLY)

d 100 20mm

Boundary dimensions Basic load ratings Factor Limiting speeds Bearing numbers
dynamic static dynamic static

min? non- low
mm kN kof grease oil contact torque contact
Ins open type open type open shielded sealed sealed sealed
d D B rsmint” min Cr Cor Cr Cor fo ZZ LLB Z LB LLH LLU type type type type type
15 3 01 — 0855 0435 87 44 157 10000 12000 — — 6700 — — — —
19 5 03 — 183 0925 187 94 148 32000 38000 — 24000 6800 ZZ LLB — LLU
10 22 6 03 03 27 1.27 275 129 14.0 30000 36000 — 21000 6900 ZZ LLB — LLU
26 8 03 — 455 196 465 200 124 29000 34000 25000 21000 6000 ZZ LLB LLH LLU
30 9 06 05 510 239 520 244 132 25000 30000 21000 18000 6200 ZZ LLB LLH LLU
35 11 06 05 820 350 835 355 114 23000 27000 20000 16000 6300 ZZ LLB LLH LLU
18 4 02 — 0930 0.530 95 54 16.2 8 300 9500 — — 6701 — LLF — —
21 5 03 — 192 104 195 106 153 29000 35000 — 20000 6801 Z7ZzZ LLB — LLU
24 6 03 03 289 146 295 149 145 27000 32000 — 19000 6901 7z LLB — LLU
12 28 7 03 — 510 239 520 244 132 26000 30000 — — 16001 — — — —
28 8 03 — 510 239 520 244 132 26000 30000 21000 18000 6001 ZZ LLB LLH LLU

32 10 06 05 610 275 620 280 127 22000 26000 20000 16000 6201 7ZZ LLB LLH LLU
37 12 1 05 970 420 990 425 11.1 20000 24000 19000 15000 6301 ZZ LLB LLH LLU

21 4 02 — 0940 0585 96 59 165 6600 7600 — — 670288 — N EEERS— s —
245 03 — 208 126 212 128 158 26000 31000 — 17000 6802 7z LLB — LLU
28 7 03 03 365 200 375 204 148 24000 28000 — 16000 6902 7z LLB — LLU
15 32 8 03 — 560 283 570 289 139 22000 26000 — — 16002 — — — —
32 9 03 03 560 283 570 289 139 22000 26000 18000 15000 6002 ZzZ LLB LLH LLU
35 11 06 05 775 360 790 365 127 19000 23000 18000 15000 6202 7ZZ LLB LLH LLU

42 13 1 05 114 545 1170 555 123 17000 21000 15000 12000 6302 ZZ LLB LLH LLU

23 4 02 — 100 0.660 102 67 163 5000 6700 — — 670SEN— N EIERS— R —

26 5 03 — 223 146 227 149 161 24000 28000 — 15000 6803 7Zz LLB — LLU

30 7 03 03 465 258 475 263 147 22000 26000 — 14000 6903 7zzZ LLB — LLU
17 35 8 03 — 680 335 695 345 13.6 20000 24000 — — 16003 — — — —

35 10 03 03 680 335 695 345 13.6 20000 24000 16000 14000 6003 ZZ LLB LLH LLU
40 12 06 05 960 460 980 465 128 18000 21000 15000 12000 6203 ZzZ LLB LLH LLU
47 14 1 05 135 6.55 1380 665 122 16000 19000 14000 11000 6303 ZZ LLB LLH LLU

62 17 11 — 227 108 2320 1100 111 14000 16000 — — 6403 — — — —
27 4 02 — 104 0.730 106 74 161 5000 5700 — — 6704 — LLF — —
32 7 03 03 400 247 410 252 155 21000 25000 — 13000 6804 Zz LLB — LLU
37 9 03 03 640 370 650 375 147 19000 23000 — 12000 6904 7z LLB — LLU
20 42 8 03 — 790 450 810 455 145 18000 21000 — — 16004 — — — —
42 12 06 05 940 505 955 515 139 18000 21000 13000 11000 6004 ZzZ LLB LLH LLU

47 14 1 0.5 128 6.65 1310 680 13.2 16000 18000 12000 10000 6204 ZzZ LLB LLH LLU
52 15 11 05 159 790 1620 805 124 14000 17000 12000 10000 6304 7z LLB LLH LLU

10 Smallest allowable dimension for chamfer dimension r.
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2

Angular contact ball bearing High speed use angular Ultra high speed use angular Four-point contact ball Double row angular contact
contact ball bearing contact ball bearing bearing ball bearing
1. Design features and special characteristics Contact angle

1.1 Angular contact ball bearing

Angular contact ball bearings are non-separable bearings
which have a certain contact angle in the radial direction
relative to the straight line that runs through the point where
each ball makes contact with the inner and outer rings (see -
Diagram 1). Table 1 gives contact angle and contact angle Diagram 1.
symbol.

In addition to radial loads, single direction axial loads can

also be accommodated by angular contact ball bearings. Table 1 Contact angle and contact angle codes

Furthermore, since an axial load is generated from a radial Contact angle 15° 30° 40°
force, these bearings are generally used in pairs facing each
) . Code c A® B
other. Standard type, high speed use type and ultra high speed
varieties of angular contact ball bearings are available through @ Contact angle symbol A is omitted.

NTN, and there are also many duplex varieties. A bearing
accuracy of JIS Class 5 or higher is applied to duplex type
angular contact ball bearings, and in many cases they are
given a preload, in compliance with standard preload levels,
before being used in an application. Table 2 shows information
concerning angular contact ball bearings, and Table 3 shows
similar information for duplex angular contact ball bearings.

Table 2 Angular contact ball bearing types and characteristics

Type Design Characteristics

® Available in bearing series 79, 70, 72, 72B, 73, and 73B.
® Contact angles: 30°and 40° (with B) available.
® Standard bearing cage type differs depending on bearing no. (Refer to Table 4)

adAy

paads ybiH | prepuels

B B B

® Available in bearing series 78C, 79C, 70C, 72C, and 73C.

® Contact angles: 15°

® All bearing accuracies JIS Class 5 or higher.

® Standard bearing cage type differs depending on bearing no. (Refer to Table 4)

asn

® Available in bearing series HSB9C, HSBOC, BNTO, and BNT2; all boundary dimensions agree with JIS

[ series dimensions.

® Contact angles: 15°; HSB type HSB9 and HSBO: 15°and 30°.

® All bearing accuracies JIS Class 5 or higher.

©® BNT type internal design can be altered; suitable for higher speed applications than high speed use bearings.
® HSB series bearings have smaller diameter of balls than high speed use type bearings, so benefit by less
O torque for high precision, high speed applications.

® The inner ring bore diameter and outer ring inner diameter of the HSB series have a ground undercut on
O one side enabling easy oil flow.

® For even higher speed applications, there is a bearing in this series equipped with ceramic ball bearings.
® For standard cage types refer to Table 4; molded resin cages are also available for some varieties.

BNT type

&

asn paads ybiy enn

HSB type

B-43
52



e Angular Contact Ball Bearings
J J NTN

Table 3 Duplex angular contact ball bearings — types and characteristics

Duplex type Characteristics
IR, m ® Can accommodate radial loads and axial loads in either direction.
acd —tcl)— ac ® Has a large distance £ between the acting load center of the bearing, and therefore a large
e | 0 momentary force load capacity.
(DB) 0| ® Allowable misalignment angle is small.
¢ ® Can accommodate radial loads and axial loads in either direction.
Fa(ae't? gce @@ ® Has a smaller distance £ between the acting load center of the bearing, and therefore a smaller
us)Fex 0 momentary force load capacity.
(DF) ¢ ® Has a larger allowable misalignment angle than back-to-back duplex type.
Tandem duol ﬁ ) ® Can accommodate radial loads and single direction axial loads.
i eg]'r a2 e Axial loads are received by both bearings as a set, and therefore heavy axial loads can be
(bT) 0 accommodated. II

Note: 1. Duplex bearings are manufactured in a set to specified clearance and preload values, therefore they must be assembled together with
identically numbered bearings and not mixed with other arrangements.
2. Triplex arrangements of angular contact bearings are also available. Consult NTN Engineering for details.

loads, axial loads in either direction, and have a high

1.2 Four-point angular contact ball bearings _
capacity for momentary loads as well.

Four-point angular contact ball bearings have a contact As shown in Diagram 3, sealed and shielded type double
angle of 30° and inner rings which are separated in half. As row angular contact ball bearings are also available.
shown in Diagram 2, when the inner and outer rings receive Standard loads vary from those of open type bearings.

a radial load the ball bearings contact the inner and outer
rings at four points. This construction enables a single
bearing to accommodate axial loads from either direction, ® Flush ground

and when generally under a simple axial load or heavy axial "Flush ground” is the name given to the finishing

load, the bearing functions in reliance on two contact points method shown in Diagram 4 where the offset of the
like ordinary bearings front and back faces of the bearing are ground to the

same value. By doing this, a stated clearance or
preload value can be achieved by using bearings with
identical codes for these values, in other words by
combining either DB or DF series bearings. DT series
bearings can also be used in various arrangements to
achieve uniform load distribution.

All BNT type bearings are flush ground, but other
angular contact ball bearing series are not. If it is
necessary to flush grind any of these other bearings,
) - please consult NTN Engineering.

Diagram 2. Ar— Offset B
Back face Front face
1.3 Double row angular contact ball bearings
The structure of double row angular contact ball bearings
is designed by arranging two single row angular contact Offset A A=B
bearings back-to-back in duplex (DB) to form one united ) L
bearing with a contact angle of 25°. Diagram 4.
These bearings are capable of accommodating radial
Open type Shielded type Non-contact sealed type  Contact sealed type
(V44 (LLM) (LLD)
Diagram 3.
B-44
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2. Standard cage types

Table 4 lists the standard cage types for angular contact

ball bearings. For high speed use angular contact ball

bearings, molded resin cages and machined cages are

widely used.

II Table 4 Standard cages for angular contact ball bearings

Type |Bearing series Molded resin cage

Pressed cage

Machined cage

ooooo—
ooooo—

00 7200 O 7222
00 7300 07322
00 7200B0 7222B
00 7300B0O 7322B

7914 [0 7960
7026 0O 7040
7224 0O 7240
7324 0O 7340
7224B 0 7240B
7324B 0O 7340B

7805C O 7834C
7914C O 7934C
7026CIYo40C
7221C 0O 7240C
7300C O 7302C
7313C O 7340C

79 79040 7913
70 70000 7024
72 —
Standard 73 _
72B —
73B —
78C —
High 79C 7904C0 7913C
s ged 70C 7000C0O 7024C
Zse 72C 7200C0 7220C
73C 7303C0O 7312C
BNTO —

Ultra high | BNT2 =
speed use | HSB9C —
HSBOC HSB010CO HSB032C

BNTO00 O BNT009

BNT200 0O BNT209

HSB910C O HSB934C
HSB034C

4-point | QJ2 —
contact | QJ3 —

QJ208 0 QJ224
QJ306 0 QJ324

Double | 52 =
row 53 —

5200S0 5217S
5302S0 5314S

Note: 1. Standard cages for 5S-BNT and 5S-HSB type bearings are the same as cages for BNT and HSB type bearings.
2. Due to the material characteristics of molded resin cages, use at application temperatures in excess of

120°C is not possible.

54
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e Single and Duplex Angular Contact Ball Bearings

J« B —- ~——2B—
_r I ﬁ Ia,
ral r — g < la ‘
@D @d @ Da <> i (p\da
Tﬁaa L—a—» L—a—» L—a—» II
Single Back-to-back Face-to-face Tandem
arrangement arrangement arrangement
(DB) (DF) (DT)
d 100 30mm
Boundary dimensions Basic load ratings Limiting speeds*” Bearing?” Load Mass
dynamic static dynamic static numbers  centerkg kg
mm kN kgf min?t mm single
d D B 2B Fsmin3” s min3” Cr Cor Cr Cor grease oil a (approx.)
26 8 16 03 0.15 4.65 2.07 470 212 29000 39000 7000 9 0.023
30 9 18 06 03 5.45 2.74 555 279 28 000 37000 7200 10.5 0.029
10 30 9 18 06 03 5.00 2.52 510 257 24000 32000 7200B 13 0.029
3% 11 22 06 03 10.1 495 1030 500 26 000 34 000 7300 12 0.04
3% 11 22 06 03 9.50 4.60 970 470 22000 29000 7300B 15 0.041
28 8 16 03 0.15 5.05 2.46 515 251 26 000 35000 7001 10 0.025
32 10 20 06 03 7.60 3.95 775 405 25000 33000 7201 11.5 0.035
12 32 10 20 06 0.3 7.00 3.65 775 405 21000 28000 7201B 14 0.036
37 12 24 1 0.6 11.2 525 1140 535 23000 30000 7301 13 0.044
37 12 24 1 0.6 10.5 495 1080 505 19000 26 000 7301B 16.5 0.045
32 9 18 0.3 0.15 5.80 3.15 590 320 23000 31000 7002 11.5 0.035
3% 11 22 06 03 9.05 4.70 925 480 22000 29000 7202 12.5 0.046
15 35 11 22 06 0.3 8.35 4.35 855 445 18 000 25000 7202B 16 0.046
42 13 26 1 0.6 13.5 720 1370 735 19000 26000 7302 15 0.055
42 13 26 1 0.6 12.5 6.65 1270 680 17000 22000 7302B 19 0.057
35 10 20 03 0.15 7.15 3.85 730 390 21000 28000 7003 125 0.046
40 12 24 06 03 12.0 6.60 1220 675 19000 26000 7203 14.5 0.064
17 40 12 24 06 03 11.0 6.10 1120 625 17000 22000 7203B 18 0.066
47 14 28 1 0.6 15.9 8.65 1630 880 18 000 24 000 7303 16 0.107
47 14 28 1 0.6 14.8 8.00 1510 820 15000 20000 7303B 20.5 0.109
42 12 24 0.6 0.3 9.70 5.60 990 570 19000 25000 7004 15 0.08
47 14 28 1 0.6 14.5 8.40 1480 855 17000 23000 7204 17 0.1
20 47 14 28 1 0.6 13.3 7.70 1360 785 15000 20000 7204B 21.5 0.102
52 15 30 11 0.6 18.7 10.4 1910 1060 16 000 21 000 7304 18 0.138
52 15 30 11 0.6 17.3 965 1770 985 13000 18000 7304B 225 0.141
42 9 18 03 0.15 7.15 4.95 730 505 17000 22000 7905 14 0.05
47 12 24 06 03 10.7 6.85 1100 700 16 000 21 000 7005 16.5 0.093
25 52 15 30 1 0.6 16.2 10.3 1650 1050 14000 19000 7205 19 0.125
52 15 30 1 0.6 14.8 9.40 1510 960 12000 16000 7205B 24 0.129
62 17 34 11 0.6 26.4 15.8 2690 1610 13000 17000 7305 21 0.23
62 17 34 11 0.6 24.4 14.6 2490 1490 11000 15000 7305B 27 0.234
47 9 18 03 0.15 7.55 5.75 770 585 14000 19000 7906 15.5 0.058
30 55 13 26 1 0.6 13.9 9.45 1410 965 13000 18000 7006 19 0.135

10 This value achieved with machined cages; when pressed cages are used, 80% of this value is acceptable.

20 Bearing numbers appended with the code "B" have a contact angle of 40°; bearings with this code have a contact angle of 30°.
30 Smallest allowable dimension for chamfer dimension r.
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1. Design features and characteristics

The outer ring raceway of self-aligning ball bearings forms
a spherical surface whose center is common to the bearing
center. The inner ring of the bearing has two raceways. The
balls, cage, and inner ring of these bearings are capable of a
shifting in order to compensate for a certain degree of
misalignment with the outer rings. As a result, the bearing is
able to align itself and compensate for shaft / housing
finishing unevenness, bearing fitting error, and other sources
of misalignment as shown in Diagram 1.

However, since axial load capacity is limited, self-aligning
ball bearings are not suitable for applications with heavy
axial loads.

Furthermore, if an adapter is used on the tapered bore of
the inner diameter, installation and disassembly are much
simpler and for this reason adapters are often used on
equipment with drive shafts.

; N\
Allowable \
misalignment \

| )
\. §
\ //

Diagram 1.

2. Standard cage types

All bearing series are equipped with a pressed cage,
except 2322S, which is equipped with a machined cage.

B-79

NTN

3. Ball protrusion

Bearings with part numbers listed in Diagram 2 below
have balls which protrude slightly from the bearing face.

B:
B

|

Diagram 2.

their degree of protrusion is listed below

Units mm
Bearing number | gimension 8| dimension B
2222S (K) 53 54
2316S (K) 58 59
2319S (K) 67 68
2320S (K) 73 74
2321S 77 78
2322S (K) 80 81
1318S (K) 43 46
1319S (K) 45 49
1320S (K) 47 58
1321S 49 55
1322S (K) 50 56

4. Allowable misalignment angle

Listed below are the allowable misalignment angles for
bearings with self-aligning characteristics when placed
under normal load conditions. This degree of allowable
misalignment may be limited by the design of structures
around the bearing.

Allowable misalignment under normal loads (loads
equivalent to 0.09 C): 0.07 rad (4°)
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Cylindrical bore Tapered bore

d 100 35mm

Boundary dimensions Basic load ratings Limiting speeds Bearing numbers Abutment and

dynamic static dynamic static fillet dimensions
mm kN kgf min? mm
cylindrical tapered2" da Da Ias
d D B I'smintY Cr Cor Cr Cor grease oil bore bore min max max
30 9 0.6 5.55 1.19 570 121 22 000 28 000 1200S — 140 26.0 0.6
10 30 14 0.6 7.45 1.59 760 162 24 000 28 000 2200S — 140 26.0 0.6
35 11 0.6 7.35 1.62 750 165 20 000 24 000 1300S — 140 31.0 0.6
35 17 0.6 9.20 2.01 935 205 18 000 22 000 2300S — 140 31.0 0.6
32 10 0.6 5.70 1.27 580 130 22 000 26 000 1201S — 16.0 28.0 0.6
12 32 14 0.6 7.75 1.73 790 177 22 000 26 000 2201S — 16.0 28.0 0.6
37 12 1 9.65 2.16 985 221 18 000 22 000 1301S — 170 320 1
37 17 1 12.1 2.73 1240 278 17 000 22 000 2301S — 170 320 1
35 11 0.6 7.60 1.75 775 179 18 000 22 000 1202S — 19.0 31.0 0.6
35 14 0.6 7.80 1.85 795 188 18 000 22 000 2202S — 19.0 31.0 0.6
15 42 13 1 9.70 2.29 990 234 16 000 20 000 1302S — 200 370 1
42 17 1 12.3 291 1250 296 14 000 18 000 2302S — 200 370 1
40 12 0.6 8.00 2.01 815 205 16 000 20 000 1203S — 21.0 36.0 0.6
40 16 0.6 9.95 2.42 1010 247 16 000 20 000 2203S — 21.0 36.0 0.6
17 47 14 1 12.7 3.20 1300 325 14 000 17 000 1303S — 220 420 1
47 19 1 14.7 3.55 1500 365 13 000 16 000 2303s — 220 420 1
47 14 1 10.0 2.61 1020 266 14 000 17 000 1204S 1204SK 25.0 420 1
47 18 1 12.8 3.30 1310 340 14 000 17 000 2204S 2204SK 250 420 1
20 52 15 11 12.6 3.35 1280 340 12 000 15 000 1304S 1304SK 265 455 1
52 21 1.1 185 4.70 1880 480 11 000 14 000 2304S 2304SK 265 455 1
52 15 1 12.2 3.30 1250 335 12 000 14 000 1205S 1205SK 30.0 470 1
52 18 1 12.4 3.45 1270 350 12 000 14 000 2205S 2205SK 30.0 470 1
25 62 17 11 18.2 5.00 1850 510 10 000 13 000 1305S 1305SK 315 555 1
62 24 1.1 24.9 6.60 2530 675 9 500 12 000 2305S 2305SK 315 555 1
62 16 1 15.8 4.65 1610 475 10 000 12 000 1206S 1206SK 350 57.0 1
62 20 1 15.3 4.55 1560 460 10 000 12 000 2206S 2206SK 350 57.0 1
30 72 19 11 21.4 6.30 2190 645 8 500 11 000 1306S 1306SK 36,5 655 1
72 27 1.1 32.0 8.75 3250 895 8 000 10 000 2306S 2306SK 365 655 1
72 17 1.1 15.9 5.10 1620 520 8 500 10 000 1207S 1207SK 415 655 1
35 72 23 1.1 21.7 6.60 2210 675 8 500 10 000 2207S 2207SK 415 655 1
80 21 15 25.3 7.85 2580 800 7 500 9 500 1307S 1307SK 43.0 720 15
80 31 15 40.0 11.3 4100 1150 7 100 9 000 2307S 2307SK 43.0 720 15

10Smallest allowable dimension for chamfer dimension r.

B-80

20 "K" indicates bearings have tapered bore with a taper ratio of 1: 12.
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Cylindrical roller bearing

1. Types, design features, and
characteristics

Since the rolling elements in cylindrical roller bearings
make line contact with raceways, these bearings can
accommodate heavy radial loads. The rollers are guided by
ribs on either the inner or outer ring, therefore these bearings
are also suitable for high speed applications. Furthermore,
cylindrical roller bearings are separable, and relatively easy
to install and disassemble even when interference fits are
required.

Among the various types of cylindrical roller bearings,
Type E has a high load capacity and its boundary

Table 1 Cylindrical roller bearing types and characteristics

E Type cylindrical roller bearing

Double row cylindrical roller bearing

NTN

&
oy

Four row cylindrical roller bearing

dimensions are identical to standard type. HT type has a
large axial load capacity, and HL type provides extended
wear life in conditions where the development of a lubricating
film inside the bearing is difficult.

Double and multiple row bearing arrangements are also
available.

For extremely heavy load applications, the non-separable
full complement SL type bearing offers special advantages.
Table 1 shows the various types and characteristics of
single row cylindrical roller bearings. Table 2 shows the

characteristics of non-standard type cylindrical roller
bearings.

Type code Design Characteristics
® NU type outer rings have double ribs; outer ring and roller as well as cage can be separated
N p— from inner ring. N type inner ring have double ribs; inner ring and roller as well as cage can
yp NU type be separated from outer ring.
N type ® Unable to accommodate even the lightest axial loads.
® This type is extremely suitable for, and widely used as, the floating side bearing.
N type
® NJ type has double ribs on outer ring, single rib on inner ring; NF type has single rib on outer
ring, and double rib on inner ring.
NJ type NJ type ® Can receive single direction axial loads.
NF type ® When there is no distinction between the fixed side and floating side bearing, can be used as
:lj: a pair in close proximity.
NF type
® NUP type has a collar ring attached to the ribless side of the inner ring; NH type is NJ type
NUP type with an L type collar ring attached. All of these collar rings are separable, and therefore it is
NUP type necessary to fix the inner ring axially.
R‘S tyf"(]e ® Can accommodate axial loads in either direction.
TP . " q g
( ) ® Widely used as the shaft's fixed-side bearing.
NH type
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Table 2 Non-standard type cylindrical roller bearing characteristics

Bearing type Characteristics

® Boundary dimensions are the same as the standard type, but the diameter, length and number of the
rollers have been increased, as well as load capacity.

® |dentified by addition of "E" to end of basic roller number.

® Enables compact design due to its high load rating.

® Rollers' inscribed circle diameter differs from standard type rollers and therefore cannot be interchanged.

E Type cylindrical
roller bearing

NU2220E NU320 NU224E
dard Ci=335kN Cr=299kN Cr=335kN
Etype Standard type E type bearing Standard type E type bearing
bearing

Remarks: In the dimension tables, both E type and standard type are listed, but in the future JIS will change to E type.

Large axial load use ® Can accommodate larger axial loads than standard type thanks to improved geometry of the rib roller end surface.
cylindrical roller bearings ® Please consult NTN Engineering concerning the many factors which require consideration, such as
(HT type) load, lubricant, and installation conditions.

® NN type and NNU type available.

® Widely used for applications requiring thin-walled bearings, such the main shafts of machine tools,
rolling machine rollers, and in printing equipment.

® |nternal radial clearance is adjusted for the spindle of machine tools by pressing the tapered bore of the
inner ring on a tapered shaft.

Double row cylindrical
roller bearings

® Used mainly in the necks of rolling machine rollers; designed for maximum rated load to accommodate
Four row cylindrical the severely limited space in the roller neck section of such equipment.

roller bearings ® Many varieties exist, including sealed types, which have been specially designed for high speed use, to
prevent creeping, provide dust and water proofing properties, etc. Contact NTN Engineering.

SL type cylindrical ® Full complement roller bearing capable of handling heavy loads.
roller bearings ® Consult NTN Engineering regarding special application designs for SL type cylindrical roller bearings.
2. Standard cage types The basic road ratings listed in the dimension charts
correspond to values achieved with the standard cages
Table 3 shows the standard varieties for cylindrical roller listed in Table 3. Furthermore, please note that even for the
bearings. identical bearing, in cases where the number of rolling
elements or the cage type differs, the basic rated load will
Table 3 Standard cage types also differ from the values listed in the dimension charts.
Bearing Molded resin Pressed Machined

series cage cage cage

NU10 - - 10050 10/500 Note: 1) Within the same bearing series, cage type is identical even if the type
code (NJ, NUP, N, NF) differs.

NU 2 — 2080 230 23201 264 2) For high speed and other special applications, machined cages can

NU2E 204EL 218E _ 219E0] 240E be manufactured \_Nhen'necessary.

Consult NTN Engineering.
3) Among E type bearings (those using molded resin cages), certain

NU22 — 22080 2230 22320 2264 varieties may also use pressed cages.

NU22E | 2204E0 2218E — 2219E0 2240E Consult NTN Engineering.

4) Although machined cages are standard for two row and four row
cylindrical roller bearings, molded resin cages may also be used in

NU3 - 3080 324 3260 356 some of these bearings for machine tool applications.

NU3E 304ED 314E - 315E0 332E 5) Due to their material properties, molded resin cages cannot be
used in applications where temperatures exceed 120°C. #04 - #07
however use resin material with superior ability to withstand

—— — e e heat and high temperatures, which are capable of withstanding

NU23E | 2304E0 2311E — 2312E0 2332E temperatures up to 150°C.

6) Formed resin cages capable of withstanding temperatures up to

NU4 — 40501 416 — 150°C can be manufactured by request for type E (formed resin cage)

of #08 or greater. For information, please contact NTN Engineering.
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3. Allowable misalignment

Although values vary somewhat depending on bearing
type and internal specifications, under general load
conditions, to avoid the occurrence of edge loading,
allowable misalignments have been set as follows:

Bearing width seriesOor 1:.................. 0.001 rad (3.5"
11 Bearing width series 2:...........c.......uv.. 0.0005 rad (1.5"
Double row cylindrical roller bearings @ :......0.0005 rad (1.5")

@ Does not include high precision bearings for machine tool
main shaft applications.

4. Allowable axial load for cylindrical roller
bearings

Cylindrical roller bearings with ribs on the inner and outer
rings are capable of simultaneously bearing a radial load and
an axial load of a certain degree. Unlike basic road ratings
based on rolling fatigue, allowable axial load is determined
by heat produced on the sliding surface between the ends of
the rollers and rib, seizure and wear. Allowable axial load
when center axial load is applied is approximately
determined by formula (1), which is based upon experience
and testing.

Pe=kO d®0 Pzoveereiinee (1)

Where:
Pt : Allowable axial load when rotating N {kgf}
k : Factor determined by internal design of bearing
(see Table 4)
d : Bearing bore mm
P- : Allowable surface pressure of rib MPa {kgf/mm?}
(see Diagram 1)

If axial load is greater than radial load, the rollers will not
rotate properly. The allowable axial load therefore must not
exceed the value for Famax given in Table 4.

The following are also important to operate the bearing
smoothly under axial load:

(1) Do not make the internal radial clearance any larger

than necessary.

(2) Use lubricant with extreme pressure additive.

(3) Make the shoulder of the housing and shaft high
enough for the rib of the bearing.

(4) If the bearing is to support an extreme axial load,
mounting precision should be improved and the
bearing should rotate slowly before actual use.

If large cylindrical roller bearings (bore of 300 mm or more)

60

are to support an axial load or moment load simultaneously,
please contact NTN Engineering.

NTN Engineering also offers cylindrical roller bearings for
high axial loads (HT type). For details, please contact NTN
Engineering.

200 —_—
E Grease or | Primarily oil lubrication
= ol lubrication —~~—Grease lubrication
%,
N %
o 150 ),
>
>
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< 0 PR

0O 5 10 15 20 25 30
do0 N x 10*mmO min

dpJ Roller pitch diameter mm
dpJ (bearing bore + bearing outside diameter)/2 mm
n0 Rotational speed min?

Diagram 1 Allowable surface pressure of rib

Table 4 Factor k values and allowable axial load (Famax)

Bearing series k Fa max
NJ, NUP10
NJ, NUP, NF, NH2, 0.040 0.4F«
NJ, NUP, NH22
NJ, NUP, NF, NH3,
NJ. NUP. NH23 0.065 0.4Fr
NJ, NUP, NH2E,
NJ. NUP. NH22E 0.050 0.4Fr
NJ, NUP, NH3E,
NJ, NUP, NH23E DI UEs
NJ, NUP, NH4, 0.100 0.4F«
SL01-48 0.022 0.2F«
SL01-49 0.034 0.2F«
SL04-50 0.044 0.2F«
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d 200 40mm

Boundary dimensions

Basic load ratings

dynamic static

dynamic static

Limiting speeds”

Bearing numbers2”

mm kN kgf min? type type type type
d D B Fsmin>®  Fismn®”  Cr Cor Cr Cor grease oil NU NJ NUP N
47 14 1 0.6 25.7 22.6 2620 2310 15000 18000 NU204E NJ NUP —
47 18 1 0.6 30.5 28.3 3100 2890 14000 16000 NU2204E NJ NUP —
20 52 15 11 0.6 315 26.9 3200 2740 13000 15000 NU304E NJ NUP —
52 21 1.1 0.6 42.0 39.0 4 300 3950 12000 14000 NU2304E NJ NUP —
47 12 0.6 0.3 15.1 14.1 1540 1430 16000 19000 NU1005 NJ NUP N
52 15 1 0.6 29.3 27.7 2990 2830 13000 15000 NU205E NJ NUP —
52 18 1 0.6 35.0 34.5 3550 3550 11000 13000 NU2205E NJ NUP —
25 62 17 1.1 1.1 41.5 37.5 4 250 3800 11000 13000 NU305E NJ NUP —
62 24 11 1.1 57.0 56.0 5800 5700 9700 11000 NU2305E NJ NUP —
80 21 15 1.5 46.5 40.0 4 750 4 050 8500 10000 NU405 NJ NUP N
55 13 1 0.6 19.7 19.6 2 000 2000 14000 16000 NU1006 NJ NUP N
62 16 1 0.6 39.0 37.5 4 000 3800 11000 13000 NU206E NJ NUP —
62 20 1 0.6 49.0 50.0 5000 5100 9700 11000 NU2206E NJ NUP —
30 72 19 1.1 1.1 53.0 50.0 5400 5100 9300 11000 NU306E NJ NUP —
72 27 1.1 1.1 74.5 77.5 7 600 7900 8 300 9 700 NU2306E NJ NUP —
90 23 15 1.5 62.5 55.0 6 400 5 600 7 300 8 500 NU406 NJ NUP N
62 14 1 0.6 22.6 23.2 2 310 2360 12000 15000 NU1007 NJ NUP N
72 17 11 0.6 50.5 50.0 5150 5100 9500 11000 NU207E NJ NUP —
72 23 1.1 0.6 61.5 65.5 6 300 6 650 8500 10000 NU2207E NJ NUP —
35 80 21 15 1.1 71.0 71.0 7 200 7 200 8 100 9 600 NU307E NJ NUP —
80 31 15 1.1 99.0 109 10100 11100 7 200 8 500 NU2307E NJ NUP —
100 25 15 1.5 75.5 69.0 7 700 7 050 6 400 7 500 NU407 NJ NUP N
68 15 1 0.6 27.3 29.0 2780 2950 11000 13000 NU1008 NJ NUP N
80 18 1.1 1.1 43.5 43.0 4 450 4 350 9400 11000 NU208 NJ NUP N
80 18 1.1 1.1 55.5 55.5 5700 5650 8500 10000 NU208E NJ NUP —
80 23 1.1 1.1 58.0 62.0 5950 6 300 8500 10000 NU2208 NJ NUP N
80 23 1.1 1.1 72.5 77.5 7 400 7900 7 600 8900 NU2208E NJ NUP —
40 90 23 15 1.5 58.5 57.0 6 000 5800 8 000 9 400 NU308 NJ NUP N
90 23 15 1.5 83.0 81.5 8 500 8 300 7 200 8 500 NU308E NJ NUP —
90 33 15 1.5 82.5 88.0 8 400 8 950 7 000 8 200 NU2308 NJ NUP N
90 33 15 1.5 114 122 11600 12500 6 400 7 500 NU2308E NJ NUP —
110 27 2 2 95.5 89.0 9 750 9100 5700 6 700 NU408 NJ NUP N

NTN
B — B -
‘r G (. 7r ‘rl r I

1R —i R Tl L

n r rn n r r
oD od@Fw [ON] ¢J oD @Ew od@J

L B il - Uil

Type NU Type NJ Type NUP Type N Type NF II

10 This value achieved with machined cages; when pressed cages are used, 80% of this value is acceptable.
20 Production switched to E type only for bearing number for which there is no standard form.
30 Minimal allowable dimension for chamfer dimension r or ri.
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e Miniature and Extra Small Bearings

NTN

40 O
X

Shielded type

Open type

1. Design features and special characteristics

The dimensional range of miniature and extra small ball
bearings is given in Table 1. Boundary dimensions for both
metric and inch systems are in accordance with the
internationally specified ISO and ANSI/ABMA standards. The
most widely used sealed and shielded type ball bearings
have a 1-2 mm wider width dimension than open type
bearings.

The main variations of these bearings are shown in Table
2. Bearings with snap rings, which simplify the bearing
housing construction and design, have also been serialized
and are listed in dimension tables. Among the most generally
used sealed and shielded bearings are standard ZZ and ZZA
type which incorporate non-contact steel shield plates.
Diagram 1 also shows non-contact type rubber sealed LLB
and resin sealed SSA type bearings, and the contact-type
rubber sealed LLU bearing.

Table 2 Main types and construction

¢

Shielded type with snap ring

Table 1 Dimensional range

Bearing Dimensional range

Miniature ball bearings | Nominal outer diameter DO 9mm

Nominal bore diameter dO 10mm
Nominal outer diameter DO 9mm

Extra small
ball bearings

Resin sealed
(non-contact type) (contact type) (non-contact type)
LLB LLU SSA
Diagram 1.

Rubber sealed Rubber sealed

T Standard type code Flange-attached type code
ype . ) ) ) . ’ . .
Construction Metric series Inch series Construction Metric series Inch series
6 R FL6 FLR
OpEm e BC FLBC
6 xxZZ RA xxZZ FL6 xxxZZ FLRA xx ZZ
Shielded type W6 x xZZ FLW6 xxxZZ
WBC xx x ZZ FLWBC xx ZZ

Note: 1. Representative type codes are shown. For further details, please refer to dimension tables.
2. May change to ZA or SA for shielded type bearings, according to the bearing number.
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e Miniature and Extra Small Bearings

2. Standard cage types

Pressed cage are standard for these bearings. However,
molded resin cage are used for some bearings depending on
the application.

accuracies are listed in Table 3.

Table 3 Tolerance and tolerance values for outer ring flange

NTN

3. Dimensional and rotational accuracy

The accuracy of miniature and extra small ball bearings
complies with JIS standards. Accuracy standards are listed
in the Bearings Tolerances clause on page A-35. Flange

IT

Units pm
Outer diameter Outer ring Back face Width dimension Width
dimensional surface runout axial runout tolerance unevenness
Accuracy class tolerance for rear surface
Abis OF Abszs Sp1 Sea1 Acis Of Aczs Veis or Veas
Upper Lower Max. Max. Upper Lower Max.
Class 0 _ _ Identical to same
- bearing's inner ring
Class 6 — — Ves
osangara | Co=5 | O T
standar ]
Class 4 Eee R 22T 4 7 ring Vas 25
30
Class 2 1.5 1.5
4
@ Nominal outer diameter, 18 mm or less.
o Units um
Flange nominal Outer diameter
outer diameter dimensional tolerance
D: or D: Apis Or Abzs
mm
over incl. Upper Lower
— 10 0220 036
10 18 0270 043
18 30 0330 052
30 50 0390 062

B-32
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e Miniature and Extra Small Bearings

NTN

4. Radial internal clearance

Radial internal clearance values should be applied as
listed in the table regarding the Bearing Internal Clearance
and Preload clause on page A-58.

However, for miniature and extra small bearings, the radial
clearance values for high precision bearings given in Table 4

Table 4 Radial internal clearance for high precision bearings

are applied in many cases.
For more specific selection information, please refer to the

NTN Miniature and Extra Small Ball Bearings Catalog, or

contact NTN Engineering.

Units pm

MIL Standard Tight Standard Loose Extra Loose
Code c2s CNS CNM CNL C3s C3M c3L
Internal Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
clearance oo oadmb 3008 50010 8[11 1113 100015 | 13020 | 2000028

Note: 1. These standards are specified in accordance with MIL B-23063. However, NTN codes are shown.

2. Clearance values do not include compensation for measuring load.
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Metric series
~— B — *~—B1—
I B — ~—B1—= ~—B1— "’*k(h Aj*k(:z
zex) eON [cox O
‘ e o
oD od D dp D1 D
\ I ¢ _i ¢ QL2
o o Li
Open type With single shield With double shield Open type With flanged outer ring II
2 (22) with flange and single shield
(FL) (FL...2)
d 1.50 5mm
Boundary dimensions Basic load ratings Factor  Limiting speeds
dynamic  static dynamic  static
mm N kgf min?
d D B B: D: D2 Cu C. I'smin” Cr Cor Cr Cor fo grease oil
4 1.2 2 5 5 0.4 0.6 0.15 102 29.0 10.0 3.00 13.6 88000 100000
15 5 2 2.6 6.5 6.5 0.6 0.8 0.15 171 51.0 17.0 5.00 13.3 79000 93 000
6 25 3 7.5 7.5 0.6 0.8 0.15 274 86.0 28.0 9.00 12.3 71000 84 000
4 1.2 2 — — — — 0.05 104 37.0 11.0 4.00 14.8 83000 98 000
5 15 23 6.1 6.1 0.5 0.6 0.08 171 51.0 17.0 5.00 13.3 74000 87 000
5 2 25 — — — — 0.1 171 51.0 17.0 5.00 13.3 74000 87 000
2 6 23 3 7.5 7.5 0.6 0.8 0.15 279 89.0 28.0 9.00 12.8 67000 79 000
6 25 — 7.2 06 — 0.15 279 89.0 28.0 9.00 12.8 67000 79 000
7 25 — — — — — 0.15 390 120 40.0 12.0 11.9 59000 70 000
7 28 35 8.5 8.5 0.7 09 0.15 380 125 39.0 13.0 12.4 62000 73 000
5 15 23 — — — — 0.08 153 59.0 16.0 6.00 15.0 70000 82 000
6 1.8 26 7.1 7.1 0.5 0.8 0.08 209 73.0 21.0 7.50 14.2 65000 76 000
2= 7 3 3 — 82 — 0.6 0.15 284 96.0 29.0 10.0 13.8 59 000 70 000
’ 7 25 35 8.5 8.5 0.7 09 0.5 284 96.0 29.0 10.0 13.8 59 000 70 000
8 25 28 9.2 — 06 — 0.15 430 152 44.0 16.0 13.2 56 000 66 000
8 28 4 9.5 9.5 0.7 09 0.5 550 174 56.0 18.0 11.5 56000 66 000
6 2 25 7.2 7.2 0.6 0.6 0.08 242 94.0 25.0 9.50 14.7 60000 71 000
7 2 3 8.1 8.1 0.5 0.8 0.1 390 130 40.0 13.0 13.0 58000 68 000
8 25 — 9.2 — 06 — 0.15 560 180 57.0 18.0 11.9 54000 63 000
3 8 3 4 9.5 9.5 0.7 09 0.15 560 180 57.0 18.0 11.9 54000 63 000
9 25 4 10.2 10.6 0.6 0.8 0.15 635 219 65.0 22.0 12.4 50000 59 000
9 3 5 10.5 10.5 0.7 1 0.15 635 219 65.0 22.0 12.4 50 000 59 000
10 4 4 11.5 11.5 1 1 0.15 640 224 65.0 23.0 12.7 50000 58 000
7 2 25 8.2 8.2 0.6 0.6 0.08 222 88.0 23.0 9.00 15.3 54000 63 000
8 2 3 9.2 9.2 0.6 0.6 0.08 395 140 40.0 14.0 13.9 52000 61 000
9 25 4 10.3 10.3 0.6 1 0.15 640 224 65.0 23.0 12.7 49000 57 000
4 10 3 4 11.2 11.6 0.6 0.8 0.15 650 235 66.0 24.0 13.3 46 000 55 000
11 4 4 12.5 12.5 1 1 0.15 715 276 73.0 28.0 13.7 45000 52 000
12 4 4 13.5 13.5 1 1 0.2 970 360 99.0 36.0 12.8 43000 51 000
13 5 5 15 15 1 1 0.2 1310 490 134 50.0 12.4 42000 49 000
16 5 5 — — — — 0.3 1760 680 179 69.0 12.4 37 000 44 000
8 2 25 9.2 9.2 0.6 0.6 0.08 217 91.0 22.0 9.50 15.8 49000 57 000
5 9 25 3 10.2 10.2 0.6 0.6 0.15 500 211 51.0 21.0 14.6 46 000 55 000
10 3 4 11.2 11.6 0.6 0.8 0.15 715 276 73.0 28.0 13.7 45000 52 000
10 Smallest allowable dimension for chamfer dimension r.
B-34
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e Miniature and Extra Small Ball Bearings
NTN

Dynamic equivalent radial load
~—B1i— Pr0 XFr YFa

——Ca faIFa Fage| Eope
ra Cor e Fr Fr

XY | XY

n@n 0.172|0.19 2.30

i 0.345/0.22 1.99
Ia T T Ia
¢D2 @Da @da @da ) 0.689| 0.26 1.71
_O 1.03 |0.28 1.55
J L — 1.38 {030 | 1 | O |0.56|1.45

@GN 2.07 |0.34 1.31

= E — 21t 0% L
6.89 |0.44 1.00

With flanged outer ring Static equivalent radial load

II and double shield PorJ 0.6FrJ 0.5Fa
(FL...ZZ) When Por Fr use Por(d Fr
Bearing numbers Abutment and fillet dimensions  Mass (approx.)
mm g
open with single with double  unsealed type  with flanged OR and  with flanged OR and da Da Fas unsealed type

shield shield with flange single shield double shield  min max®”  max max open with flange

68/1.5 W68/1.5SA SSA  FL68/1.5 FLW68/1.5SA SSA 2.3 24 32 0.05 0.07 0.09
69/1.5A W69/1.5ASA  SSA  FL69/1.5A  FLW69/1.5ASA SSA 2.7 29 38 0.15 0.18 0.24
60/1.5 W60/1.5ZA ZZA FL60/1.5 FLW60/1.5ZA ZZA 2.7 3.0 438 0.15 0.35 0.42

672 od— = od— oo0— = 2.5 26 35 005 006 —
682 W682SA SSA  FL682 FLWG682SA SSA 2.8 29 42 0.08 0.13 0.17
BC2-5 WBC2-5SA SSA 00— oboo— — 2.8 29 42 0.10 016 —
692 WGE92SA SSA  FL692 FLWG692SA SSA 3.2 33 438 0.15 031 0.38
BC2-6 od— = FLBC2-6 oo0— - 3.2 33 48 0.15 0.32 0.38
BC2-7TA 00— — 00— 000— — 3.2 36 58 0.15 044 —
602 WG602ZA ZZA FL602 FLWG602ZA ZZA 3.2 37 58 0.15 0.54 0.64
67/2.5 W67/2.5ZA ZZA od— oboo— — 3.1 33 44 0.08 011 —
68/2.5 W68/2.5ZA ZZA FL68/2.5 FLW68/2.5ZA ZZA 3.1 36 48 0.08 0.22 0.26
O— WBC2.5-7ZA  ZZA od— FLWBC2.5-7ZA  ZZA 3.7 40 58 0.15 0.6 0.67%
69/2.5 W69/2.5SA SSA  FL69/2.5 FLW69/2.5SA SSA 3.7 40 58 0.15 043 0.53
BC2.5-8 WBC2.5-8ZA ZZA FLBC2.5-8 0O0O0O0— = 3.7 43 6.8 0.15 057 0.65

60/2.5 W60/2.5ZA ZZA FL60/2.5 FLW60/2.5ZA ZZA 3.7 41 6.8 0.15 0.72 0.83

673 WAG73SA SSA  FL673 FLWAG73SA SSA 3.6 41 54 0.08 0.2 0.26
683 W683ZA ZZA FL683 FLW683ZA ZZA 3.9 41 58 0.1 0.33 0.38
BC3-8 od— = FLBC3-8 o00— = 4.2 44 6.8 0.15 0.52 0.6
693 W693Z Y4 FL693 FLW693Z Y4 4.2 44 6.8 0.15 0.61 0.72
BC3-9 WBC3-9ZA ZZA FLBC3-9 FLAWBC3-9ZA  ZZA 4.2 50 7.8 0.15 071 0.79
603 W603Z zZ FL603 FLW603Z zz 4.2 50 7.8 0.15 0.92 1
623 6237 Y4 FL623 FL623Z Y4 4.2 52 88 0.15 16 1.8

674A WAG74ASA SSA  FL674A FLWAG74ASA SSA 4.6 50 64 0.08 0.28 0.35

BC4-8 WBC4-87 YA FLBC4-8 FLWBC4-82 Y4 4.8 5.0 6.8 0.08 0.38 0.46
684AX50 W684AX50Z 7 FL684AX50 FLW684AX50Z 7 5.0 5.2 7.8 0.1 0.67 0.76
BC4-10 WBC4-10Z VA FLBC4-10 FLAWBC4-10Z 7z 5.2 6.0 8.8 015 1 1.1
694 6947 VA FL694 FL694Z7 VA 5.2 6.4 9.8 0.15 1.8 2
604 6047 Y4 FL604 FL604Z 7 5.6 6.6 104 0.2 21 2.3
624 6247 72z FL624 FL624Z 7z 5.6 6.2 114 0.2 3.2 35
634 6347 72z 00— ooo— = 6 76 14 0.3 51 —
675 WAG675Z 72z FL675 FLWAG675Z 7z 5.6 6.0 7.4 0.08 0.32 0.4
BC5-9 WBC5-97 7 FLBC5-9 FLWBC5-97 77 5.2 6.1 7.8 0.15 0.55 0.63
BC5-10 WBC5-10Z Y4 FLBC5-10 FLAWBC5-10Z 7 6.2 6.4 8.8 0.15 0.88 0.97
20 This dimension applies to sealed and shielded bearings. 30 Values for double shielded bearings shown.
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~— B — *~—B1—
I B — ~—B1—= ~—B1— "’*k(h Aj*k(:z
O eON [cox E0N
‘ e o
oD od D dp D1 D
\ I ¢ _j ¢ QL2
o o Li
Open type With single shield With double shield Open type With flanged outer ring II
2 (22) with flange and single shield
(FL) (FL...2)
d 50 9mm
Boundary dimensions Basic load ratings Factor  Limiting speeds
dynamic  static dynamic  static
mm N kgf min?
d D B B: D: D2 Cu C. I'smin” Cr Cor Cr Cor fo grease oil
11 4 4 — 126 — 0.8 0.15 715 282 73.0 29.0 14.0 43000 51 000
11 3 5 12.5 12.5 0.8 1 0.15 715 282 73.0 29.0 14.0 43000 51 000
13 4 4 15 15.2 1 1 0.2 1080 430 110 440 134 40000 47 000
5 13 5 5 — 15 — 1 0.2 1080 430 110 440 13.4 40000 47 000
14 5 5 16 16 1 1 0.2 1330 505 135 52.0 12.8 39000 46 000
16 5 5 18 18 1 1 0.3 1760 680 179 69.0 12.4 37000 44 000
19 6 6 — — — — 0.3 2340 885 238 90.0 12.1 34000 40 000
10 25 3 11.2 11.2 0.6 06 0.1 465 196 47.0 20.0 15.2 43000 51 000
12 3 4 13.2 13.6 0.6 0.8 0.15 830 365 85.0 37.0 145 40000 47 000
13 35 5 15 15 1.0 1.1 0.15 1080 440 110 450 13.7 39000 46 000
6 15 5 5 17 17 1.2 1.2 0.2 1350 530 137 540 13.3 37000 44 000
16 6 6 — — — — 0.2 1770 695 181 71.0 12.7 36000 42 000
17 6 6 19 19 1.2 1.2 03 2190 865 224 88.0 123 35000 42 000
19 6 6 22 22 1.5 15 03 2 340 885 238 90.0 12.1 34000 40 000
11 25 3 12.2 12.2 0.6 06 0.1 555 269 56.0 27.0 15.6 40000 47 000
13 3 4 14.2 14.6 0.6 0.8 0.15 825 375 84.0 38.0 149 38000 45 000
14 35 5 16 16 1 1.1 0.5 1170 505 120 51.0 14.0 37000 44 000
7 17 5 5 19 19 1.2 1.2 03 1610 715 164 73.0 14.0 35000 41 000
19 6 6 — — — — 0.3 2240 910 228 93.0 129 34000 40 000
22 7 7 — — — — 0.3 3350 1400 340 142 125 32000 37 000
12 25 35 132 13.6 0.6 08 0.1 515 252 52.0 26.0 159 38000 45 000
14 35 4 15.6 15.6 0.8 0.8 0.15 820 385 84.0 39.0 15.2 36000 43 000
8 16 4 5 18 18 1 1.1 0.2 1610 715 164 73.0 14.0 35000 41 000
19 6 6 22 22 1.5 15 0.3 1990 865 202 88.0 13.8 33000 39 000
22 7 7 25 25 1.5 15 03 3350 1400 340 142 12,5 32000 37 000
24 8 8 — — — — 0.3 4000 1590 410 162 11.7 31000 36 000
14 3 45 — — — — 0.1 920 465 94.0 48.0 155 36000 42 000
17 4 5 19 19 1 1.1 0.2 1720 820 176 83.0 144 33000 39 000
9 20 6 6 — — — — 0.3 2480 1090 253 111 13.5 32000 38 000
24 7 7 — — — — 0.3 3400 1450 345 148 12.9 31000 36 000
26 8 8 — — — — 0.6 4550 1960 465 200 12.4 30000 35 000

10 Smallest allowable dimension for chamfer dimension r.
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NTN

.

With flanged outer ring
and double shield

Ia

o —~

)

I%J

2 @da

e

Dynamic equivalent radial load
Prd XFrJ YFa

faFa E‘D e E‘|:| e
Cor e Fr Fr

XY |X Y
0.172/0.19 2.30
0.345/0.22 1.99
0.689| 0.26 1.71
1.03 |0.28 1.55
1.38 |0.30 | 1 | O |0.56]/1.45
2.07 |0.34 1.31
3.45 |0.38 1.15
5.17 |0.42 1.04
6.89 |0.44 1.00

Static equivalent radial load
Por(J 0.6Frd 0.5Fa
When Por Fr use Por(d Fr

(FL...Z2)
Bearing numbers Abutment and fillet dimensions  Mass (approx.)
mm g
open with single with double  unsealed type  with flanged OR and  with flanged OR and da Da Fas unsealed type
shield shield with flange single shield double shield  min max®”  max max open with flange
og WBC5-117 77 od— FLWBC5-117 7 6.2 6.8 9.8 0.2 1.8 2
685 W685Z2 7 FL685 FLW685Z 7 6.2 6.8 9.8 0.15 11 1.3
695 6957 YA FL695 FL695Z YA 6.6 69 114 0.2 24 2.7
oo WBC5-13Z2 VA 00— FLWBC5-137 YA 6.6 69 114 0.2 3.4% 3.7%
605 605Z 7 FL605 FL605Z 7 6.6 74 124 0.2 35 3.9
625 6257 VA FL625 FL625Z zZ 7 76 14 0.3 4.8 5.2
635 635Z VA 00— ooo— — 7 95 17 0.3 8 —
676A WAG76AZ VA FL676A FLWAG76AZ Y4 6.6 6.7 9.2 0.1 0.65 0.74
BC6-12 WBC6-12Z 7 FLBC6-12 FLAWBC6-12Z 7 7.2 7.9 10.8 0.15 1.3 1.4
686 W686Z 72z FL686 FLW686Z 7 7.0 7.2 11.8 0.15 19 2.2
696 6967 VA FL696 FL696Z 7z 7.6 7.8 134 0.2 3.8 4.3
BC6-16A BC6-16AZ 77 ogd— ood— — 7.6 8.0 144 0.2 5.2 —
606 606Z 7 FL606 FL606Z 7 8 86 15 0.3 6 6.5
626 6267 7z FL626 FL626Z 7z 8 95 17 0.3 8.1 9.2
677 WAG77Z VA FL677 FLWAG677Z 7z 7.8 8.1 10.2 0.1 0.67 0.77
BC7-13 WBC7-13Z VA FLBC7-13 FLAWBC7-13Z YA 8.2 89 118 015 14 1.5
687A W687AZ Y4 FL687A FLW687AZ 77z 8.2 8.7 128 0.15 21 2.4
697 6977 YA FL697 FL697Z 7z 9 10.0 15 0.3 5.2 5.7
607 607Z YA 00— ooo— — 9 104 17 0.3 8 —
627 6277 VA 00— ooo— — 9 12.2 20 0.3 13 —
678A W678AZ 7 FL678A FLAWG678AZ 7 8.8 9.1 11.2 0.1 0.75 0.86
BC8-14 WBCS8-14Z 7 FLBC8-14 FLWBCS8-14Z7 77 9.2 95 128 0.15 1.8 1.9
688A W688AZ 7z FL688A FLWG688AZ Y4 9.6 10.0 144 0.2 31 35
698 6987 VA FL698 FL698Z YA 10 10.6 17 0.3 7.3 8.4
608 608z Y4 FL608 FL608Z 7 10 12.2 20 0.3 12 13
628 6287 72z 00— ooo— — 10 121 22 0.3 17 —
679 W679Z2 VA 00— ooo— — 9.8 104 13.2 0.1 1.4 —
689 W689Z2 VA FL689 FLW689Z7 YA 10.6 10.7 154 0.2 3.2 3.6
699 6997 VA ooo oooag O 11 11.6 18 0.3 8.2 —
609 609Z 72z ooo ooog 0 11 13.1 22 0.3 14 —
629X50 629X50Z 7z ooo oooag O 13 139 22 03 20 —

20 This dimension applies to sealed and shielded bearings. 30 Values for double shielded bearings shown.
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1. Classification and Characteristics of Rolling Bearings

1.1 Rolling bearing construction

Most rolling bearings consist of rings with raceway
(inner ring and outer ring), rolling elements (either balls or
rollers) and cage. The cage separates the rolling
elements at regular intervals, holds them in place within
the inner and outer raceways, and allows them to rotate
freely.

Raceway (inner ring and outer ring) or raceway disc 1)
The surface on which rolling elements roll is called the
"raceway surface". The load placed on the bearing is
supported by this contact surface.
Generally the inner ring fits on the axle or shaft and the

outer ring on the housing.

Note 1: The raceway of thrust bearing is called "raceway disc," the
inner ring is called the "shaft raceway disc" and the outer
ring is called the "housing raceway disc."

Rolling elements

Rolling elements classify in two types: balls and rollers.
Rollers come in four types: cylindrical, needle, tapered,
and spherical.

Balls geometrically contact with the raceway surfaces of
the inner and outer rings at "points", while the contact
surface of rollers is a "line" contact.

Theoretically, rolling bearings are so constructed as to
allow the rolling elements to rotate orbitally while also
rotating on their own axes at the same time.

Cages

Cages function to maintain rolling elements at a uniform
pitch so load is never applied directly to the cage and to
prevent the rolling elements from falling out when
handling the bearing. Types of cages differ according to
way they are manufactured, and include pressed,
machined and formed cages.

1.2 Classification of rolling bearings

Rolling bearings divide into two main classifications: ball
bearings and roller bearings. Ball bearings are classified
according to their bearing ring configurations: deep
groove type and angular contact type. Roller bearings on
the other hand are classified according to the shape of
the rollers: cylindrical, needle, tapered and spherical.

Rolling bearings can be further classified according to
the direction in which the load is applied; radial bearings
carry radial loads and thrust bearings carry axial loads.

Other classification methods include: 1) number of
rolling rows (single, double, or 4-row), 2) separable and
non-separable, in which either the inner ring or the outer
ring can be detached.

There are also bearings designed for special
applications, such as: railway car journal roller bearings,
ball screw support bearings, turntable bearings, as well
as linear motion bearings (linear ball bearings, linear
roller bearings and linear flat roller bearings).Types of
rolling bearings are given in Fig. 1.2.

A-5

Deep groove ball bearing

Fig A

Cylindrical roller bearing

Fig.C

Tapered roller bearing

Fig. E

Shaft raceway disc

Housing raceway disc

Thrust ball bearing

Fig. G

Quter ring

Outer ring

Outer ring

Roller

Cage

Inner ring

Fig. 1.1 Rolling bearing

Fig.B

Fig. D

Fig. F

Fig. H

NTN

Outer
ring

Inner
ring

Ball
Cage

Angular contact ball bearing

Outer ring

Roller

Spherical roller bearing

Shaft raceway disc

Housing raceway disc

Thrust roller bearing
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Radial ball
bearings

NTN

Single row deep groove ball bearings

Single row angular contact ball bearings

Duplex angular contact ball bearings

Ball bearings

Four-point contact ball bearings

Double row angular contact ball bearings

Self-aligning ball bearings

Ball bearings for rolling bearing unit*

O
S
2
g
o)
=
—
i

Single direction thrust ball bearings

Thrust ball
bearings

Rolling
bearings

Radial roller
bearings

Double direction angular contact

| T T |thrust ball bearings

=]

High-speed duplex angular contact
ball bearings (for axial loads)

Single row cylindrical roller bearings

E

Double row cylindrical roller bearings

Needle roller bearings*

Roller bearings

Single row tapered roller bearings

Double row tapered roller bearings

Spherical roller bearings

Cylindrical roller thrust bearings*

Needle roller thrust bearings*

Thrust roller
bearings

Tapered roller thrust bearings*

=se=E=== MR

Spherical roller thrust bearings

Fig. 1.2 Classification of rolling bearings
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@ Ultra thin wall type ball bearings*
m Turntable bearings*
ED= Ball screw support bearings*

IT

Railway car journal roller bearings*

@ Ultra-clean vacuum bearings*
Special @ SL-type cylindrical roller bearings*
application
bearings @ Rubber molded bearings*
Clearance adjusting needle roller
bearings*
P@q Complex bearings*
Connecting rod needle roller
bearings with cage*
H Roller followers*
Cam followers*
Linear ball bearings*
Linear
motion Linear roller bearings*
bearings
Linear flat roller bearings*

Note: Bearings marked with an asterisk are not contained in this catalog.
For details, see the catalog devoted to the concerned type of bearing.

A-7

71



IT

72

e Classification and Characteristics of Rolling Bearings

1.3 Characteristics of rolling bearings

1.3.1 Characteristics of rolling bearings

Rolling bearings come in many shapes and varieties,
each with its own distinctive features.

However, when compared with sliding bearings, rolling
bearings all have the following advantages:

(1) The starting friction coefficient is lower and there is
little difference between this and the dynamic
friction coefficient.

(2) They are internationally standardized, interchangeable
and readily obtainable.

(3) They are easy to lubricate and consume less
lubricant.

(4) As a general rule, one bearing can carry both radial
and axial loads at the same time.

(5) May be used in either high or low temperature
applications.

(6) Bearing rigidity can be improved by preloading.

Construction, classes, and special features of rolling
bearings are fully described in the boundary dimensions
and bearing numbering system section.

1.3.2 Ball bearings and roller bearings

Table 1.1 gives a comparison of ball bearings and roller
bearings.

Table 1.1 Comparison of ball bearings and roller bearings

Ball bearings Roller bearings

= — & &

23 2a ¢

g3

= & | Point contact Linear contact

8 = | Contact surface is oval when | Contact surface is generally

load is applied. rectangular when load is
applied.

«» | Because of point contact Because of linear contact,
2 | there is little rolling rotational torque is higher for
2 | resistance, ball bearings are | roller bearings than for ball
9 | suitable for low torque and bearings, but rigidity is also
& | high-speed applications. higher.

E They also have superior
O | acoustic characteristics.

Load capacity is lower for Load capacity is higher for

2 | ball bearings, but radial rolling bearings. Cylindrical
'g bearings are capable of roller bearings equipped with
S | bearing loads in both the a lip can bear slight radial
© | radial and axial direction. loads. Combining tapered

2 roller bearings in pairs
) enables the bearings to bear

an axial load in both directions.
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1.3.3 Radial and thrust bearings

Almost all types of rolling bearings can carry both radial
and axial loads at the same time.

Generally, bearings with a contact angle of less than
45° have a much greater radial load capacity and are
classed as radial bearings; whereas bearings which have
a contact angle over 45° have a greater axial load
capacity and are classed as thrust bearings. There are
also bearings classed as complex bearings which
combine the loading characteristics of both radial and
thrust bearings.

1.3.4 Standard bearings and special bearings

The boundary dimensions and shapes of bearings
conforming to international standards are interchangeable
and can be obtained easily and economically over the
world over. It is therefore better to design mechanical
equipment to use standard bearings.

However, depending on the type of machine they are to
be used in, and the expected application and function, a
non-standard or specially designed bearing may be best
to use. Bearings that are adapted to specific applications,
and "unit bearings" which are integrated (built-in) into a
machine's components, and other specially designed
bearings are also available.

The feature of typical standard bearings are as follows:

Deep groove ball bearings

The most common type of bearing, deep groove ball
bearings are widely used in a variety of fields. Deep
groove ball bearings include shield bearings and sealed
bearings with grease make them easier to use.

Deep groove ball bearings also include bearings with a
locating snap-ring to facilitate positioning when mounting
the outer ring, expansion compensating bearings which
absorb dimension variation of the bearing fitting surface
due to housing temperature, and TAB bearings that are
able to withstand contamination in the lubricating oil.

Table 1.2 Configuration of sealed ball bearings

Type Shield Sealed

and Non-contact|Non-contact| Contact Low torque
symbol 7z LLB LLU LLH

c

=)

8

>

=

=

o
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Angular contact ball bearings Cylindrical roller bearings

The line that unites point of contact of the inner ring,
ball and outer ring runs at a certain angle (contact angle)
in the radial direction. Bearings are generally designed
with three contact angles.

Angular contact ball bearings can support an axial load,
but cannot be used by single bearing because of the
contact angle. They must instead be used in pairs or in
combinations.

Angular contact ball bearings include double row
angular contact ball bearings for which the inner and
outer rings are combined as a single unit. The contact
angle of double row angular contact ball bearings is 25°.

There are also four-point contact bearings that can
support an axial load in both directions by themselves.
These bearings however require caution because
problems such as excessive temperature rise and
wearing could occur depending on the load conditions.

Table 1.3 Contact angle and symbol

Contact angle

Contact angle and contact angle symbol
Contact angle 15° 30° 40°

Contact angle c
symbol

10

A B

Note 1: Contact angle symbol has been abbreviated
as "A".

Table 1.4 Configuration of double row angular contact ball bearings

Type Shield Non-contact Contact
and Open L sealed sealed
symbol LLM LLD
=

e

§

=}

=

s LIl

o

O R - R R

Table 1.5 Combinations of duplex angular contact ball bearings

symbol DB DF ot
=

o

PO Qi |
£ o
g [/ LA

8 [ Ll

Uses rollers for rolling elements, and therefore has a
high load capacity. The rollers are guided by the ribs of
the inner or outer ring. The inner and outer rings can be
separated to facilitate assembly, and both can be fit with
shaft or housing tightly. If there is no ribs, either the inner
or the outer ring can move freely in the axial direction.
Cylindrical roller bearings are therefore ideal to be used
as so-called "free side bearings" that absorb shaft
expansion. In the case where there is a ribs, the bearing
can bear a slight axial load between the end of the rollers
and the ribs. Cylindrical roller bearings include the HT
type which modifies the shape of roller end face and ribs
for increasing axial road capacity. And the E type with a
special internal design for enhancing radial load capacity.
The E type is standardized for small-diameter sizes.
Table 1.6 shows the basic configuration for cylindrical
roller bearings.

In addition to these, there are cylindrical roller bearings

with multiple rows of rollers and the SL type of full
complement roller bearing without cage.

Table 1.6 Types of cylindrical roller bearings

T NUP type
aﬂpde NU type NJ type NH type
N type NF type yp
S 0 NJ+HIO
12}
(<]
§ NU type NJ type NUP type
g
a
N type NF type NH type

IT
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Tapered roller bearings

Tapered roller bearings are designed so the inner/outer
ring raceway and apex of the tapered rollers intersect at
one point on the bearing centerline. By receiving
combined load from inner and outer ring, the rollers are
pushed against the inner ring rib and roll guided with rib.

Induced force is produced in the axial direction when a
radial load is applied, so must be handled by using a pair
of bearings. The inner ring with rollers and outer ring
come apart, thus facilitating mounting with clearance or
preload. Assembled clearance is however hard to
manage and requires special attention. Tapered roller
bearings are capable of supporting large loads in both the
axial and radial directions.

NTN bearings with 4T-, ET-, T- and U attached to the
name conform to ISO and JIS standards for sub-unit
dimensions (nominal contact angle, nominal small end
diameter of outer ring) and are internationally
interchangeable.

NTN also has a line of case hardened steel bearings
designed for longer life (ETA-, ET-, etc.). NTN tapered
roller bearings also include bearings with two and four
rows of tapered rollers for extra-heavy loads.

Sub-unit dimensions

E : nominal small end diameter of outer ring
a : Nominal contact angle

Fig. 1.3 Tapered roller bearings

A-10
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Spherical roller bearings

Equipped with an outer ring with a spherical raceway
surface and an inner ring which holds two rows of barrel-
shaped rolling elements, NTN spherical roller bearings
are able to adjust center alignment to handle inclination of
the axle or shaft.

There are variety of bearing types that differ according
to internal design.

Spherical roller bearings include as type equipped with
an inner ring with a tapered bore. The bearing can easily
be mounted on a shaft by means of an adapter or
withdrawal sleeve. The bearing is capable of supporting
heavy loads, and is therefore often used in industrial
machinery. When heavy axial load is applied to the
bearing, the load on rollers of another row is disappeared,
and can cause problems. Attention must therefore be
paid to operating conditions.

Table 1.7 Types of spherical roller bearings

T Standard
YPE| (B type)

.

C type 213 type E type

Configuration

Thrust bearings

There are many types of thrust bearings that differ
according to shape of rolling element and application.
Allowable rotational speed is generally low and special
attention must be paid to lubrication.

In addition to the ones given below, there are various
types of thrust bearings for special applications. For details,
see the catalog devoted to the concerned type of bearing.

Table 1.8 Types of thrust bearings

Single direction thrust ball

Type bearing Needle roller thrust bearing
CJr—————
; AXK type
‘ [ I . I ]
; AS type raceway disc
T
< [ ; [
= GSIWS type raceway disc
=]
2 | Cylindrical roller thrust bearing | Spherical roller thrust bearing
5
O
(G0 (D]
I [0 | = -
() ) ng §§1
Center alignment !
angle \ﬂL_f
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Needle roller bearings

Needle roller bearings use needle rollers as rolling
elements. The needle rollers are a maximum of 5 mm in
diameter and are 3 to 10 times as long as they are in
diameter. Because the bearings use needle rollers as
rolling elements, the cross-section is thin, but they have a
high load capacity for their size. Because of the large
number of rolling elements, the bearings have high rigidity
and are ideally suited to wobbling or pivoting motion.

There is a profusion of types of needle roller bearings,
and just a few of the most representative types are
covered here. For details, see the catalog devoted to the
concerned type of bearing.

Table 1.9 Main types of needle roller bearings

Type Needle roller bearing with cage

Configuration

Roller follower Cam follower

NTN

A unit comprised of a ball bearing inserted into various
types of housings. The housing can be bolted onto
machinery and the inner ring can be easily mounted on
the shaft with a set screw.

This means the bearing unit can support rotating
equipment without special design to allow for mounting. A
variety of standardized housing shapes is available,
including pillow and flange types. The outer diameter of
the bearing is spherical just like the inner diameter of the
housing, so it capable of aligning itself on the shaft.

For lubrication, grease is sealed inside the bearing, and
particle generation is prevented by a double seal. For
details, see the catalog devoted to the concerned type of
bearing.

IT

Grease fitting

Setscrew with ball

Fig. 1.4 Oil-lubricated bearing unit

A-11
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2. Bearing Selection

Rolling element bearings are available in a variety of
types, configurations, and sizes. When selecting the
correct bearing for your application, it is important to

consider several factors, and analyse in various means.

2.1 Bearing selection flow chart

NTN

A comparison of the performance characteristics for each
bearing type is shown in Table 2.1. As a general
guideline, the basic procedure for selecting the most
appropriate bearing is shown in the following flow chart.

> Select bearing
dimensions

Select bearing
tolerances

i)
o Confirm operating Select beari
o ot elect bearing
= conditions and B type and
= operating configuration
€ environment g
(0]
® Function and construction of o Dimensional limitations
components to house bearings (refer to page insert ...A-30)
e Bearing load (magnitude,
O * Bearing mounting location direction, vibration; presence
of shock load)

o e Bearing load (direction and (refer to page insert ...A-21)
> magnitude) e Rotational speed
- (refer to page insert ...A-70)
- © Rotational speed e Bearing tolerances
3 (refer to page insert ...A-35)
Q o Vibration and shock load * Rigidity _
= (refer to page insert ...A-67)
6'  Bearing temperature (Ambient * Allowable misalignment of

temperature / temperature INEF NS TS
> rise) (refer to page insert ...A-87)
—_— e Friction torque
—+ " . (refer to page insert ...A-71)

® Operating environment - .

(BD (potential for corrosion, degree * S;Z";‘E):;L?g;;em (Eed
0 ﬂb(;%r:gg:]l)natlon, extent of (refer to page insert ...A-15)

e Installation and disassembly
requirements
(refer to page insert ...A-88)
e Bearing availability and cost

b

 Shaft runout tolerances
(refer to page insert ...A-35)
o Rotational speed
(refer to page insert ...A-70)
o Torque fluctuation

© Design life of components to

house bearings

(refer to page insert ...A-19)
o Dynamic/static equivalent load

conditions

(refer to page insert ...A-25)
o Safety factor

(refer to page insert ...A-19)
® Allowable speed

(refer to page insert ...A-70)
® Allowable axial load

(refer to page insert ...A-19, 25)
o Allowable space

(refer to page insert ...A-30)

uoneinBiyuod pue adAl Bulreaq Jo U023 |9S

(1) Dimensional limitations

The allowable space for bearings is generally limited.
In most cases, shaft diameter (or the bearing bore
diameter) has been determined according to the
machine’s other design specifications. Therefore,
bearing’s type and dimensions are determined
according to bearing bore diameters. For this reason all
dimension tables are organized according to standard
bore diameters. There is a wide range of standardized
bearing types and dimensions: the right one for a
particular application can usually be found in these
tables.

(2) Bearing load

The characteristics, magnitude, and direction of loads
acting upon a bearing are extremely variable. In
general, the basic load ratings shown in bearing
dimension tables indicate their load capacity. However,
in determining the appropriate bearing type,
consideration must also be given to whether the acting
load is a radial load only or combined radial and axial
load, etc. When ball and roller bearings within the same
dimension series are considered, the roller bearings
have a larger load capacity and are also capable of
withstanding greater vibration and shock loads.

(3) Rotational speed

The allowable speed of a bearing will differ
depending upon bearing type, size, tolerances, cage
type, load, lubricating conditions, and cooling
conditions.

The allowable speeds listed in the bearing tables for
grease and oil lubrication are for normal tolerance NTN
bearings. In general, deep groove ball bearings,
angular contact ball bearings, and cylindrical roller
bearings are most suitable for high speed applications.

(4) Bearing tolerances

The dimensional accuracy and operating tolerances
of bearings are regulated by ISO and JIS standards.
For equipment requiring high tolerance shaft runout or
high speed operation, bearings with Class 5 tolerance
or higher are recommended. Deep groove ball
bearings, angular contact ball bearings, and cylindrical
roller bearings are recommended for high rotational
tolerances.
(5) Rigidity

Elastic deformation occurs along the contact surfaces
of a bearing’s rolling elements and raceway surfaces
under loading. With certain types of equipment it is
necessary to reduce this deformation as much as

A-12
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>

Select bearing’s
internal
clearance

Select cage
type and
material

Select lubricant,
lubrication method,
sealing method

Select any
special bearing
specifications

—>

Confirm
handling
procedures

o Material and shape of shaft
and housing
(refer to page insert ...A-85)
o Fit

(refer to page insert ...A-49)
o Temperature differential

between inner/outer rings

(refer to page insert ...A-59)
o Allowable misalignment of

inner/outer rings

(refer to page insert ...A-87)
o Load (magnitude, nature)

(refer to page insert ...A-21)
e Amount of preload

(refer to page insert ...A-66)
o Rotational speed

(refer to page insert ...A-70)

© Rotational speed
(refer to page insert ...A-70)
* Noise level
o Vibration and shock load
© Momentary load
© Lubrication type and method
(refer to page insert ...A-72)

® Operating temperature
(refer to page insert ...A-72)
© Rotational speed
(refer to page insert ...A-70)
o Lubrication type and method
(refer to page insert ...A-72)
o Sealing method
(refer to page insert ...A-80)
* Maintenance and inspection
(refer to page insert ...A-94)

o Operating environment
(high/low temperature,
vacuum, pharmaceutical, etc.)

o Requirement for high reliability

o Installation-related dimensions
(refer to page insert ...A-86)
o Installation and disassembly

procedures

(refer to page insert ...A-88)

possible. Roller bearings exhibit less elastic
deformation than ball bearings. Furthermore, in some
cases, bearings are given a load in advance
(preloaded) to increase their rigidity. This procedure is
commonly applied to deep groove ball bearings,
angular contact ball bearings, and tapered roller
bearings.

(6) Misalignment of inner and outer rings

Shatft flexure, variations in shaft or housing accuracy,
and fitting errors. result in a certain degree of
misalignment between the bearing’s inner and outer
rings. In cases where the degree of misalignment is
relatively large, self-aligning ball bearings, spherical
roller bearings, or bearing units with self-aligning
properties are the most appropriate choices.
(Refer to Fig. 2.1)

(7) Noise and torque levels

Rolling bearings are manufactured and processed
according to high precision standards, and therefore
generally produce only slight amounts of noise and
torque. For applications requiring particularly low-noise
or low-torque operation, deep groove ball bearings and
cylindrical roller bearings are most appropriate.

(8) Installation and disassembly

Some applications require frequent disassembly and
reassembly to enable periodic inspections and repairs.
For such applications, bearings with separable
inner/outer rings, such as cylindrical roller bearings,
needle roller bearings, and tapered roller bearings are
most appropriate. Incorporation of adapter sleeves
simplifies the installation and disassembly of self-
aligning ball bearings and spherical roller bearings with
tapered bores.

Allowable
misalignment
angle

Allowable
misalignment
angle

" P
/

Self-aligning ball bearing Spherical roller bearing

Fig. 2.1

A-13
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2.2 Type and characteristics
Table 2.1 shows types and characteristics of rolling bearings.

Table 2.1 Type of rolling bearings and performance comparison

Bearing types Deep Angular | Double row Duplex Self- | Cylindrical |  Single- Double- | Double row | Needle
groove | contact angular angular | aligning roller flange flange cylindrical roller
ball ball contact contact ball bearings | cylindrical | cylindrical roller bearings
bearings | bearings | ball bearings | ball bearings | bearings roller bearings| roller bearings| bearings
Characteristics
Load Carrying Capacity
J Radial load J T L T T
Axial load
Highspeedo oooo |booo oo good oo oooo (0oo oo oo goo
High rotating accuracy° oono ooano oo ooo oono oo a 0ooo
Low noise/vibration® |0 000 |000 0 ] ] a | 0
Low friction torque° oooD |000 oo 0 g
High rigidity ® 0l 0o 1 0 1 0 0o 00O 0o
Vibration/shock resistance” | 0 oo oo oo oo oo
Allowable misalignment®
for inner/outer riggs 0 ooao 0
Stationary in axial direction® | [ o 0 O FodeanddF| o 0
Moveable in axial direction | o o o Fr o ent | © 0 O 0
Separable inner/outer ringso o o o 0 o
Inner ring tapered bore® ) o o
Remarks For duplex NU, N NJ, NF |NUP,NP,NH | NNU, NN NA
arrangemem type type type type type
Reference page B-5 B-43 B-74 B-43 B-79 B-91 B-91 B-91 B-116 E-2
Tapered |Double-row,| Spherical | Thrust | Double row | Cylindrical | Spherical Bearing types
roller 4-row roller ball angular roller roller
bearings | tapered | bearings | bearings | _contact thrust thrust
roller thrustball | pearings | bearings
bearings bearings Reference
E $ @ % % H:H % page
Characteristics
Load Carrying Capacity
J | Radial load
- || - -]
Axial load
ooo |00 00 0 ooo  |O O A-66 | High speed®
ooo  |o ooo A-31 | High rotating accuracy ® © () The number of stars indicates
° the degree to which that bearing
— | Low noisel/vibration type displays that particular
. ° characteristic.
A-67 | Low friction torque Not applicable to that bearing
R S type.
oo 0ooo (000 0o 000  |000 | A54 | High rigidity ® | Indicates dual direction. ©
00 000 (00O 0 ooo |oOo0 A-18 | Vibration/shock resistance” Indicates flnglle direction axial
Allowable misalignment ® movement only. : :
O ooo 0 gooo A-79 | forinnerlouter rings © [ indicates movement in the axial
- e direction is possible for the
o 0 0 o o o A-13 | Stationary in axial direction raceway surface; o indicates
N R R M ble in axial directi ) movement in the axial direction is
- - - A-13 oveable in axial direction possible for the fitting surface of
( - . - . — | Seprale merouter ngs” © " ndicates both et g and
o
o A-79 | Inner ring tapered bore outer ring are detachable.
Including @ o |Indicates inner ring with
For duplex needle roller _ Remarks tapered bore is possible.
anangement thrust bearing
B-133 B-133 B-233 B-269 B-269 E-48 B-269 Reference page
A-14
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cylindrical roller bearings, and occurs on the fitting surface

2.3 Selection of bearing arrangement for those which are not separable, such as deep groove

Shafts or axles are generally supported by a pair of ball bearings.
bearings in the axial and radial directions. The bearing In applications with short distances between bearings,
which prevents axial movement of the shaft relative to the shaft expansion and contraction due to temperature
housing is called the "fixed side bearing” and the bearing fluctuations is slight, therefore the same type of bearing
which allows axial movement relatively is called the may be used for both the fixed-side and floating-side
“floating-side bearing”. This allows for expansion and bearing. In such cases it is common to use a set of
contraction of the shaft due to temperature variation and matching bearings, such as angular contact ball bearings,
enables error in bearing mounting clearance to be to guide and support the shaft in one axial direction only.
absorbed. Table 2.2 (1) shows typical bearing arrangements

The fixed side bearing is able to support radial and where the bearing type differs on the fixed side and
axial loads. A bearing which can fix axial movement in floating side. Table 2.2 (2) shows some common bearing II
both directions should therefore be selected. A floating- arrangements where no distinction is made between the
side bearing that allows movement in the axial direction fixed side and floating side. Vertical shaft bearing
while supporting a radial load is desirable. Movement in arrangements are shown in Table 2.2 (3).

the axial direction occurs on the raceway surface for
bearings with separable inner and outer rings such as

Table 2.2 (1) Bearing arrangement (distinction between fixed and floating-side)

Arrangement icati
ST ARpr;hcatlon
Fixed Floating (Reference)
— J
AQ* :(): = 1. General arrangement for small machinery. Small pumps,
— — 2. For radial loads, but will also accept axial loads. auto-mobile
( () transmissions, etc.
= _ — = 1. Suitable when mounting error and shaft deflection are minimal or used P
@) 11 for high rotational speed application. Medium.-sized
— — . . . . . electric motors,
2. Even with expansion and contraction of shaft, floating side moves ventilators, etc.
smoothly.
= - — ‘J— 1. Radial loading and dual direction of axial loading possible
O] @] ' _ ' Worm reduction
== — 2. In place of duplex angular contact ball bearings, double-row angular gear
( 0 contact ball bearings are also used.

P

Heavy loading capable.

. Shafting rigidity increased by preloading the two back-to-back Reduction gears for
fixed bearings. general industrial

|
:Q 3. Requires high precision shafts and housings, and minimal fitting machinery
. L errors.

N

[

Allows for shaft deflection and fitting errors.

. By using an adaptor on long shafts without screws or shoulders, General industrial
bearing mounting and dismounting can be facilitated.

. Self-aligning ball bearings are used for positioning in the axial direction,
and not suitable for applications requiring support of axial load.

machinery

L

—— 1. Widely used in general industrial machinery with heavy and shockO
g@k - O@ = load dyemands. g y VY Reduction gears for
. Allows for shaft deflection and fitting errors. gener‘al industrial
. T ) machinery
. Accepts radial loads as well as dual direction of axial loads.

I

i
—
~ ]

l
—

I
|

Reduction gears for
general industrial
machinery

i

[EnN

. Accepts radial loads as well as dual direction axial loads.
. Suitable when both inner and outer ring require tight fit.

)
—
]

— 1. Capable of handling large radial and axial loads at high rotational

speeds. Transmissions for
. Maintains clearance between the bearing’s outer diameter and diesel locomotives
Q housing inner diameter to prevent deep groove ball bearings from

receiving radial loads.

®
[
]

|
/T
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Table 2.2 (2) Bearing arrangement (no distinction between fixed and floating-side)

NTN

Arrangement

Comment

Application
(Reference)

(@]

1. General arrangement for use in small machines.
2. Preload is sometimes applied by placing a spring on the outer ring

Small electric motors,
small reduction

IT

side surface or inserting a shim.
( —O O (can be floating-side bearings.) gears, etc.
L o 1. Back to back arrangement is preferable to face to face arrangement
D: g when moment load applied. Machine tool
- - = 2. Able to support axial and radial loads; suitable for high-speed rotation. | spindles, etc.
( O ( 3. Rigidity of shaft can be enhanced by providing preload.
= — 1. Capable of supporting extra heavy loads and impact loads. Construction

10 (Co

2. Suitable if inner and outer ring tight fit is required.

3. Care must be taken that axial clearance does not become too small
during operation.

equipment, mining
equipment sheaves,
agitators, etc.

= B
0 C 10

Back to back

) (T

Face to face

1. Withstands heavy and shock loads. Wide range application.

2. Shaft rigidity can be enhanced by providing preload, but make sure
preload is not excessive.

3. Back-to-back arrangement for moment loads, and face-to-face
arrangement to alleviate fitting errors.

4. With face-to-face arrangement, inner ring tight fit is facilitated.

Reduction gears,
front and rear axle of
automobiles, etc.

Table 2.2 (3) Bearing arrangement (Vertical shaft)

Arrangement

Comment

Application
(Reference)

1. When fixing bearing is a duplex angular contact ball bearing, floating
bearing should be a cylindrical roller bearing.

Vertically mounted
electric motors, etc.

0 0
féiﬁbﬂg %9

.

1. Most suitable arrangement for very heavy axial loads.

2. Shaft deflection and mounting error can be absorbed by matching the
center of the spherical surface with the center of spherical roller thrust
bearings.

Crane center shafts,
etc.

80
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3. Load Rating and Life

3.1 Bearing life

Even in bearings operating under normal conditions, the
surfaces of the raceway and rolling elements are
constantly being subjected to repeated compressive
stresses which causes flaking of these surfaces to occur.
This flaking is due to material fatigue and will eventually
cause the bearings to fail. The effective life of a bearing
is usually defined in terms of the total number of
revolutions a bearing can undergo before flaking of either
the raceway surface or the rolling element surfaces
occurs.

Other causes of bearing failure are often attributed to
problems such as seizing, abrasions, cracking, chipping,
scuffing, rust, etc. However, these so called "causes" of
bearing failure are usually themselves caused by
improper installation, insufficient or improper lubrication,
faulty sealing or inaccurate bearing selection. Since the
above mentioned "causes" of bearing failure can be
avoided by taking the proper precautions, and are not
simply caused by material fatigue, they are considered
separately from the flaking aspect.

3.2 Basic rating life and basic dynamic load rating

A group of seemingly identical bearings when subjected
to identical load and operating conditions will exhibit a
wide diversity in their durability.

This "life" disparity can be accounted for by the
difference in the fatigue of the bearing material itself.
This disparity is considered statistically when calculating
bearing life, and the basic rating life is defined as follows.

The basic rating life is based on a 90% statistical model
which is expressed as the total number of revolutions
90% of the bearings in an identical group of bearings
subjected to identical operating conditions will attain or
surpass before flaking due to material fatigue occurs. For
bearings operating at fixed constant speeds, the basic
rating life (90% reliability) is expressed in the total number
of hours of operation.

Basic dynamic load rating expresses a rolling bearing's
capacity to support a dynamic load. The basic dynamic
load rating is the load under which the basic rating life of
the bearing is 1 million revolutions. This is expressed as
pure radial load for radial bearings and pure axial load for
thrust bearings. These are referred to as "basic dynamic
load rating (Cr)" and "basic dynamic axial load rating (Ca)."
The basic dynamic load ratings given in the bearing
tables of this catalog are for bearings constructed of NTN
standard bearing materials, using standard manufacturing
techniques.

The relationship between the basic rating life, the basic
dynamic load rating and the bearing load is given in
formula.
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For ball bearings:

For roller bearings:

where,

C

Lo OO0 —
P

NTN

Lo : Basic rating life 10° revolutions

o

P

n

: Basic dynamic load rating, N {kgf}

(Cr: radial bearings, Ca: thrust bearings)

: Equivalent dynamic load, N {kgf}

(Pr: radial bearings, Pa: thrust bearings)

: Rotational speed, min™

The relationship between Rotational speed n and speed
factor fn as well as the relation between the basic rating
life Lion and the life factor fn is shown in Table 3.1 and

Fig. 3.1.

Table 3.1 Correlation of bearing basic rating life, life factor,
and speed factor

Classification Ball bearing Roller bearing
Basic rating life| 10° ; C\*_ 5| 10° [C\*°_ 103
Lo son ( P) =500 " | o - ( P) =500 fn

Life factor fn C fn C
fn P P
Speed factor ( 33.3 )”3 ( 33.3 )3’10
fn n n

10,

1,000

800 4

Ball bearings

L
min?

60,000

40,000 =

30,000

20,000 —§

15,000

,000—
8,000

6,000
4,000 —
3,000

2,000 F

1,500

600

400 5

300

200

150

100 —

803

fa

80,000 —

£ 0.082
=009

t— 0.10

Eo12

014

016
= 018

— 0.20
022
F 024
026
o028
o0

— 1.0
— 11
12
— 13

14
— 1.49

10,000 —

Lion
h

60,000

fa

— 5.4

=5

30,000

20,000 —

15,000 —

8,000

6,000

4,000

3,000 %

2,000

1,500 —

1,000 £
B

800 —

700 —f
600 —f

=25

s00 —4— 1.0

400 —3

£ 095

£ 0.90

300 3085

3080

200 —

075

T 074

Roller bearings

n
mint

fa

60,000 —§— 0.106

40,000

30,000

20,000 §

E o012

E o014

15,000 - 016

10,000—- 018

8,000
6,000 —

4,000 —

3,000

2,000

1,500

1,000—

800

600

—0.20
022
—0.24
£ 0.26

E o028
030

— 0.8
= 0.9
= 0D
=i

=12

13
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— 1.44

Lth fh
80,000——, 46
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£
40,000
T35
30,000
20000 3
15,000
— 25
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8,000
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- 2
4000 *°
F 18
3000—% 17
16
2,000—% 15
1,500 4
13
1,000—
900 —f 12
800
700 —f 11
600 —§
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300 —f o085
F 080
200——0.76

Fig. 3.1 Bearing life rating scale
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When several bearings are incorporated in machines
or equipment as complete units, all the bearings in the
unit are considered as a whole when computing bearing
life (see formula 3.3).

1
LO

1 1 1 e
050 50 ... -5l
L, Ly Lo

where,
L : Total basic rating life of entire unit, h
L1, L2 ...Ln: Basic rating life of individual bearings, 1, 2,
...n, h
e=10/9....cccccvinrann. For ball bearings
€=9/8.cciiiiin, For roller bearings

When the load conditions vary at regular intervals, the
life can be given by formula (3.4).
(oF] D j

[OF]) 1
LmO00 —0O0-—0 ...— O .o, [03.40
L1 L2 Lj

where,
Lm : Total life of bearing
@ j: Frequency of individual load conditions
zei=1)
L;j: Life under individual conditions

If equivalent load P and rotational speed n are
operating conditions of the bearing, basic rated dynamic
load C that satisfies required life of the bearing is
determined using Table 3.1 and formula (3.5). Bearings
that satisfy the required C can be selected from the
bearing dimensions table provided in the catalog.

3.3 Adjusted rating life

The basic bearing rating life (90% reliability factor) can
be calculated through the formulas mentioned earlier in
Section 3.2. However, in some applications a bearing life
factor of over 90% reliability may be required. To meet
these requirements, bearing life can be lengthened by the
use of specially improved bearing materials or
manufacturing process. Bearing life is also sometimes
affected by operating conditions such as lubrication,
temperature and rotational speed.

Basic rating life adjusted to compensate for this is
called "adjusted rating life," and is determined using
formula (3.6).

Lna 0 ainazoasolio...[ 3.60
where,
Lna : Adjusted rating life in millions of revolutions
(10°)
a1 : Reliability factor
az : Bearing characteristics factor
as : Operating conditions factor
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3.3.1 Reliability factor a:
The value of reliability factor a1 is provided in Table 3.2
for reliability of 90% or greater.

3.3.2 Bearing characteristics factor a.

Bearing characteristics concerning life vary according to
bearing material, quality of material and if using special
manufacturing process. In this case, life is adjusted using
bearing characteristics factor a..

The basic dynamic load ratings listed in the catalog are
based on NTN's standard material and process,
therefore, the adjustment factor a.[0 1. a. [0 1 may be
used for specially enhanced materials and manufacturing
methods.If this applies, consult with NTN Engineering.

Dimensions change significantly if bearings made of
high carbon chrome bearing steel with conventional heat
treatment are used at temperatures in excess of 120°C
for an extended period of time. NTN Engineering
therefore offers a bearing for high-temperature
applications specially treated to stabilize dimensions at
the maximum operating temperature (TS treatment). The
treatment however makes the bearing softer and affects
life of the bearing. Life is adjusted by multiplying by the
values given in Table 3.3.

Table 3.2 Reliability factor a:

Reliability % Ln Reliability factor a1
90 Lo 1.00
95 Ls 0.62
96 Ls 0.53
97 Ls 0.44
98 L. 0.33
99 L. 0.21

Table 3.3 Treatment for stabilizing dimensions

Y o i
TS2 160 1.00
TS3 200 0.73
TS4 250 0.48

3.3.3 Operating conditions factor as

Operating conditions factor as is used to compensate for
when lubrication condition worsens due to rise in
temperature or rotational speed, lubricant deteriorates, or
becomes contaminated with foreign matter.

Generally speaking, when lubricating conditions are
satisfactory, the as factor has a value of one; and when
lubricating conditions are exceptionally favorable, and all
other operating conditions are normal, as can have a
value greater than one. asis however less than 1 in the
following cases:
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® Dynamic viscosity of lubricating oil is too low for bearing
operating temperature
(13 mm?/s or less for ball bearings, 20 mm?/s for roller
bearings)

e Rotational speed is particularly low
(If sum of rotational speed n min™ and rolling element
pitch diameter Dpw mm is Dpw[] N 0 10,000)

® Bearing operating temperature is too high
If bearing operating temperature is too high, the
raceway becomes softened, thereby shortening life.
Life is adjusted by multiplying by the values given in
Fig. 3.2 as the operating condition factor according to
operating temperature. This however does not apply to
bearings that have been treated to stabilize
dimensions.

® | ubricant contaminated with foreign matter or moisture
If using special operating condition, consult with NTN
Engineering. Even if a- 0 1 is used for specially
bearings made of enhanced materials or produced by
special manufacturing methods, a.x as 0 1 is used if
lubricating conditions are not favorable.

=
o

o
©

o
o

I
~

o
N

100 150 200 250 300
Operating temperature °C

Operating conditions factor as

Fig. 3.2 Operating conditions factor according to operating temperature

Table 3.4 Machine application and requisite life (reference)
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When a super heavy load is applied, harmful plastic
distortion could be produced on the contact surfaces of
the rolling elements and raceway. The formulae for
determining basic rating life (3.1, 3.2, and 3.6) do not
apply if Pr exceeds either Cor (Basic static load rating) or
0.5 C: for radial bearings, or if Pa exceeds 0.5 Ca for thrust
bearings.

3.4 Machine applications and requisite life

When selecting a bearing, it is essential that the
requisite life of the bearing be established in relation to
the operating conditions. The requisite life of the bearing
is usually determined by the type of machine in which the
bearing will be used, and duration of service and
operational reliability requirements. A general guide to
these requisite life criteria is shown in Table 3.4. When
determining bearing size, the fatigue life of the bearing is
an important factor; however, besides bearing life, the
strength and rigidity of the shaft and housing must also be
taken into consideration.

IT

3.5 Basic static load rating

When stationary rolling bearings are subjected to static
loads, they suffer from partial permanent deformation of
the contact surfaces at the contact point between the
rolling elements and the raceway. The amount of
deformity increases as the load increases, and if this
increase in load exceeds certain limits, the subsequent
smooth operation of the bearings is impaired.

It has been found through experience that a permanent
deformity of 0.0001 times the diameter of the rolling
element, occurring at the most heavily stressed contact
point between the raceway and the rolling elements, can
be tolerated without any impairment in running efficiency.

Service

Machine application and requisite life (reference) Laion

x 10°h

classification

04 4012

120 30 300 60 600

Machines used for short
periods or used only
occasionally

® Household appliances
® Electric hand tools

® Farm machinery
® Office equipment

® Home air-

O conditioning motor
® Construction

O equipment

® Elevators

® Cranes

Short period or intermittent
use, but with high reliability
requirements

® Medical appliances
® Measuring instruments

® Crane (sheaves)

® Small motors

Machines not in constant
use, but used for long
periods

® Automobiles
® Two-wheeled vehicles

® Buses/trucks

® General gear drives
® \Woodworking

0 machines

® Machine spindles
® Industrial motors
® Crushers

® Vibrating screens

® Main gear drives
® Rubber/plastic

® Calender rolls

® Printing machines

Machines in constant use
over 8 hours a day

® Rolling mills
® Escalators
® Conveyors
® Centrifuges

® Railway vehicle

0 axles

® Air conditioners

® |_arge motors

©® Compressor pumps

® | ocomotive axles
® Traction motors

® Mine hoists

® Pressed flywheels

® Papermaking
O machines

® Propulsion

0 equipment for
0 marine vessels

24 hour continuous
operation, non-interruptable

® \Water supply

O equipment

® Mine drain

O pumps/ventilators
® Power generating
[J equipment
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The basic static load rating refers to a fixed static load
limit at which a specified amount of permanent
deformation occurs. It applies to pure radial loads for
radial bearings and to pure axial loads for thrust bearings.
The maximum applied load values for contact stress
occurring at the rolling element and raceway contact
points are given below.

4,200 MPa {428kgf/mm?}
4,600 MPa {469kgf/mm?}
4,000 MPa {408kgf/mm?}

For ball bearings
For self-aligning ball bearings
For roller bearings

Referred to as "basic static radial load rating" for radial
bearings and "basic static axial load rating" for thrust
bearings, basic static load rating is expressed as Cor Or
Coa respectively and is provided in the bearing dimensions
table.

3.6 Allowable static equivalent load

Generally the static equivalent load which can be
permitted (See page A-25) is limited by the basic static
rating load as stated in Section 3.5. However, depending
on requirements regarding friction and smooth operation,
these limits may be greater or lesser than the basic static
rating load.
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This is generally determined by taking the safety factor
So given in Table 3.5 and formula (3.7) into account.

So =Cold Po...0 3.7

where,
So : Safety factor
Co : Basic static load rating, N {kgf}
(radial bearings: Cor, thrust bearings: Coa)
Po: Static equivalent load, N {kgf}
(radial: Por, thrust: Coa)

Table 3.5 Minimum safety factor values So

Operating conditions begrailﬂgs beRatl)rIiIr?gr;s
High rotational accuracy demand 2 3
Normal rotating accuracy demand 1 15
(Universal application) ’
Slight rotational accuracy
deterioration permitted 0.5 1
(Low speed, heavy loading, etc.)

Note 1: For spherical thrust roller bearings, min. Sovalue=4.
2: For shell needle roller bearings, min. Sovalue=3.
3: When vibration and/or shock loads are present, a load factor
based on the shock load needs to be included in the Po max value.
4: If a large axial load is applied to deep groove ball bearings or
angular ball bearings, the contact oval may exceed the raceway
surface. For more information, please contact NTN Engineering.
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4. Bearing Load Calculation

To compute bearing loads, the forces which act on the
shaft being supported by the bearing must be
determined. Loads which act on the shaft and its related
parts include dead load of the rotator, load produced
when the machine performs work, and load produced by
transmission of dynamic force. These can theoretically
be mathematically calculated, but calculation is difficult in
many cases.

A method of calculating loads that act upon shafts that
convey dynamic force, which is the primary application of
bearings, is provided herein.

4.1 Load acting on shafts

4.1.1 Load factor

There are many instances where the actual operational
shaft load is much greater than the theoretically
calculated load, due to machine vibration and/or shock.
This actual shaft load can be found by using formula
(4.2).

KO fwd Ke oo 04.10
where,

K O Actual shaft load NO kgfC

fw 0 Load factor (Table 4.1)

KcO Theoretically calculated value NO kgf[d

Table 4.1 Load factor fw

Amount q q

of shock fw Application
Very little or 1.001.2 Electric machines, machine tools,
no shock ’ '“ |measuring instruments.

Railway vehicles, automobiles,
rolling mills, metal working machines,
Light shock 1.20 1.5 | paper making machines, printing
machines, aircraft, textile machines,
electrical units, office machines.

Crushers, agricultural equipment,

Heavy shock |1.500 3.0 construction equipment, cranes.

4.1.2 Gear load

The loads operating on gears can be divided into three
main types according to the direction in which the load is
applied; i.e. tangential (Ky), radial (Ks), and axial (Ka).
The magnitude and direction of these loads differ
according to the types of gears involved. The load
calculation methods given herein are for two general-use
gear and shaft arrangements: parallel shaft gears, and
cross shaft gears.

(1)Loads acting on parallel shaft gears
The forces acting on spur gears and helical gears are
depicted in Figs. 4.1, 4.2, and 4.3. The load magnitude
can be found by using or formulas (4.2), through (4.5).

19.1x 10°00 H
KB~"pon N
A I S0 0 4.20
1.95x 10°0 H
“ DbOn O kgfd

KsO Kitana O Spur geard ...... 0 4.3al]

tana .
O K‘D@ O Helical gearO ...... 04.3b0

Ke VKEOKS oo, 04.40

KaO K:itanf O Helical geard ...... 04.50
where,

K:[0 Tangential gear load (tangential force), N {kgf}

KsO Radial gear load (separating force), N {kgf} 11

KrO Right angle shaft load (resultant force of
tangential force and separating force), N {kgf}

Ka[l Parallel load on shaft, N {kgf}

H O Transmission force , kW

n O Rotational speed, min™

Dp[] Gear pitch circle diameter, mm

o 0 Gear pressure angle, deg

B O Gear helix angle, deg

Because the actual gear load also contains vibrations
and shock loads as well, the theoretical load obtained by
the above formula should also be adjusted by the gear
factor f. as shown in Table 4.2.

Fig. 4.2 Helical gear loads

Kt

Kr

Fig. 4.3 Radial resultant forces
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Table 4.2 Gear factor f;

Gear type fz
Precision ground gears
(Pitch and tooth profile errors of less than 0.02 mm) 105011
Ordinary machined gears
1.101.3

(Pitch and tooth profile errors of less than 0.1 mm)

(2)Loads acting on cross shafts

Gear loads acting on straight tooth bevel gears and
spiral bevel gears on cross shafts are shown in Figs. 4.4
and 4.5. The calculation methods for these gear loads are
shown in Table 4.3. Herein, to calculate gear loads for
straight bevel gears, the helix angle = 0.

IT

The symbols and units used in Table 4.3 are as follows:

Kt [0 Tangential gear load (tangential force), N {kgf}
Ks [ Radial gear load (separating force), N {kgf}
Ka O Parallel shaft load (axial load), N {kgf}

H O Transmission force, kW

n O Rotational speed, min*

Dpm [0 Mean pitch circle diameter, mm
o [ Gear pressure angle, deg

B 0O Helix angle, deg

6 [ Pitch cone angle, deg

Because the two shafts intersect, the relationship of
pinion and gear load is as follows:

Kspd Kag...ovvvivineeinnnnnn. 04.60
Kap Ksguu.vvneeineeenannn. 04.70
where,

Kspd Ksg[O Pinion and gear separating force, N {kgf}
Kap[J KaglD Pinion and gear axial load, N {kgf}

Table 4.3 Loads acting on bevel gears

NTN

For spiral bevel gears, the direction of the load varies
depending on the direction of the helix angle, the direction
of rotation, and which side is the driving side or the driven
side. The directions for the separating force (Ks) and axial
load (Ka) shown in Fig. 4.5 are positive directions. The
direction of rotation and the helix angle direction are
defined as viewed from the large end of the gear. The
gear rotation direction in Fig. 4.5 is assumed to be
clockwise (right).

Fig. 4.4 Loads on bevel gears

Fig. 4.5 Bevel gear diagram

et Clockwise | Counter clockwise Clockwise | Counter clockwise
Types of load Heli
dirantion Right Left Left Right
6 6
Tangential load (tangential force) ke 19:1x 10°0H { 1.95x 10°0H }
Kt Dpm N 0 Dpm N
. . cosd : cosd .
Driving side Ks=K: |tana +tanf sind Ks=K¢ |[tana - tanf sind }
Radial load cosp cosp
(separation force)
K .
* Driven side Ks=K: |tana cosd tanp sind Ks=K: |tana €osd +tanP sind
cosB cosp
. . sind sind
Driving side Ka=K: |tana ——— - tanp cosd Ka=K¢ |tana —=—— +tan 0056}
Parallel load on gear ¢ o cosp b e cosp b
shaft (axial load)
e ; ; sind sind
Driven side Ka=K: |tana +tanp cosd Ka=K: |tana - tanp cosd
cosB cosp
A-22
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4.1.3 Chain / belt shaft load

The tangential loads on sprockets or pulleys when
power (load) is transmitted by means of chains or belts
can be calculated by formula (4.8).

19.1 x 10°0H
KO =55 N
.............. 0 4.80
1.95x 10°01 H
DO N D kgfL]

where,
Kt Sprocket/pulley tangential load, N {kgf}
H O Transmitted force, kW
Dp[] Sprocket/pulley pitch diameter, mm

For belt drives, an initial tension is applied to give
sufficient constant operating tension on the belt and
pulley. Taking this tension into account, the radial loads
acting on the pulley are expressed by formula (4.9). For
chain drives, the same formula can also be used if
vibrations and shock loads are taken into consideration.

KO o0 Kt...[O 4.90
where,

K Sprocket or pulley radial load, N {kgf}
fod Chain or belt factor (Table 4.4)

Table. 4.4 chain or belt factor fb

Chain or belt type fo

Chain (single) 12015
V-belt 1.502.0
Timing belt 11013
Flat belt (w / tension pulley) 2.50 3.0
Flat belt 3.004.0

F ;
2 Tenlen Side

Fig. 4.6 Chain/belt loads

4.2 Bearing load distribution

For shafting, the static tension is considered to be
supported by the bearings, and any loads acting on the
shafts are distributed to the bearings.

For example, in the gear shaft assembly depicted in
Fig. 4.7, the applied bearing loads can be found by using
formulas (4.10) and (4.11).

IT
This example is a simple case, but in reality, many of
the calculations are quite complicated.
a+tb d
Fall =7 P10 g FT o 04.100
a _c

FeO O —p~ F10 g FI o, 04.110

where,

FrA Radial load on bearing A, N {kgf}
Fre] Radial load on bearing B, N {kgf}
F1, F1O Radial load on shaft, N {kgf}

If directions of radial load differ, the vector sum of each
respective load must be determined.

a b
Bearing A Bearing B

Fig. 4.7
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4.3 Mean load

The load on bearings used in machines under normal
circumstances will, in many cases, fluctuate according to
a fixed time period or planned operation schedule. The
load on bearings operating under such conditions can be
converted to a mean load (Fm), this is a load which gives
bearings the same life they would have under constant
operating conditions.

II (1) Fluctuating stepped load
The mean bearing load, Fm, for stepped loads is
calculated from formula (4.12). F1, F2 ....... Fn are the

loads acting on the bearing; n1, na....... nn and ta, ta.......
tn are the bearing speeds and operating times
respectively.

SO FP ni 0P
FmED 20 r'litiDDE|

where:

pO 3 For ball bearings
pO 10/3  For roller bearings

Fig. 4.8 Stepped load

(2) Continuously fluctuating load
Where it is possible to express the function F(t) in
terms of load cycle to and time t, the mean load is
found by using formula (4.13).

to 1
Foll] %ju Bt [ 0 4.130

where:
pO3 For ball bearings
p0 10/3  For roller bearings

Fig. 4.9 Load that fluctuated as function of time
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(3) Linear fluctuating load
The mean load, Fm, can be approximated by formula
(4.14).

FminJ 2Fmax

FmO 3 ...04.140

Fig. 4.10 Linear fluctuating load

(4) Sinusoidal fluctuating load
The mean load, Fm, can be approximated by formulas
(4.15) and (4.16).

case (a) FmO0.75Fmax ......... 04.150
case (b) FmO0.65Fmax ......... 04.160

Fig. 4.11 Sinusoidal variable load
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4.4 Equivalent load

4.4.1 Dynamic equivalent load

When both dynamic radial loads and dynamic axial
loads act on a bearing at the same time, the hypothetical
load acting on the center of the bearing which gives the
bearings the same life as if they had only a radial load or
only an axial load is called the dynamic equivalent load.

For radial bearings, this load is expressed as pure
radial load and is called the dynamic equivalent radial
load. For thrust bearings, it is expressed as pure axial
load, and is called the dynamic equivalent axial load.

(1) Dynamic equivalent radial load
The dynamic equivalent radial load is expressed by
formula (4.17).

P XFrO YFau oo b04.170
where,
P00 Dynamic equivalent radial load, N {kgf}
FrO0 Actual radial load, N {kgf}
Fa00 Actual axial load, N {kgf}
X O Radial load factor
Y O Axial load factor
The values for X and Y are listed in the bearing tables.

(2) Dynamic equivalent axial load
As a rule, standard thrust bearings with a contact angle
of 90° cannot carry radial loads. However, self-aligning
thrust roller bearings can accept some radial load. The
dynamic equivalent axial load for these bearings is
given in formula (4.18).

Pa Fa 1.2Fr....ccccvennen.n. 04.180
where,
Pa00 Dynamic equivalent axial load, N {kgf}
Fa0 Actual axial load, N {kgf}
FrO Actual radial load, N {kgf}
Provided that Fr/ Fa O 0.55 only.

4.4.2 Static equivalent load

The static equivalent load is a hypothetical load which
would cause the same total permanent deformation at the
most heavily stressed contact point between the rolling
elements and the raceway as under actual load
conditions; that is when both static radial loads and static
axial loads are simultaneously applied to the bearing.

For radial bearings this hypothetical load refers to pure
radial loads, and for thrust bearings it refers to pure centric
axial loads. These loads are designated static equivalent
radial loads and static equivalent axial loads respectively.

(1) Static equivalent radial load
For radial bearings the static equivalent radial load can
be found by using formula (4.19) or (4.20). The greater
of the two resultant values is always taken for Por.
Pord Xo FrJ Yo Fa... [ 4.190J
Porl Froooviiinn e, 04.200

where,
Pof] Static equivalent radial load, N {kgf}
Fr O Actual radial load, N {kgf}
FaO Actual axial load, N {kgf}
XoO Static radial load factor
Yo O Static axial load factor
The values for Xo and Yo are given in the respective
bearing tables.

(2) Static equivalent axial load 11
For spherical thrust roller bearings the static equivalent
axial load is expressed by formula (4.21).
Poal FalJ 2.7Fr...0 4.210
where,

Pod] Static equivalent axial load, N {kgf}

FaO Actual axial load, N {kgf}

Fr O Actual radial load, N {kgf}
Provided that Fr/ Fa 0.55 only.

4.4.3 Load calculation for angular contact ball
bearings and tapered roller bearings
For angular contact ball bearings and tapered roller
bearings the pressure cone apex (load center) is located
as shown in Fig. 4.12, and their values are listed in the
bearing tables.

When radial loads act on these types of bearings the
component force is induced in the axial direction. For this
reason, these bearings are used in pairs. For load
calculation this component force must be taken into
consideration and is expressed by formula (4.22).

where,
Fa: Axial component force, N {kgf}
Fr: Radial load, N {kgf}
Y: Axial load factor

The dynamic equivalent radial loads for these bearing
pairs are given in Table 4.5.

Load center || F

L)

.

Load center
Fr

{D ‘@ m"%’

Fig. 4.12 Pressure cone apex and axial component force
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Table 4.5 Bearing arrangement and dynamic equivalent load

Bearing arrangement Load condition Axial load Dynamic equivalent radial load
Rear Brgr  Brgn Fa10 9P I0 F  (PrOXFiOY: {O—'5F’HD Fa}
Yu Yo
05k OSFen (g o\
Y1 Yo @
- Prn0 Fro
Fr1 Fro
Front Brgn Brg1 _ Pri0Frr
I ca— D e I
C U Fa [0 0.5F1 0.5F 1
Eir . Fall O OF ProO XFrnd Yo 0 Fa
T T YI
Rear D91 Bram — Pri0 Fr1
0.5Frn . 0.5Fr1
v O e (1 e R
Fan0 O3F Lo F, | PO XFrnO Yo {@u Fa}
Fr1 Fro Y1 Y1
croy BrOT  Bro: Fa10 OSFo e | paxFiOY: {O—'EE’HD Fa}
0.5Frn . 0.5Fr1 =
{5 s “yp O y; dfa prre———————
C Fa [[0
- Prn0 Fro
Fro Fr1

Note 1: Applies when preload is zero.
2: Radial forces in the opposite direction to the arrow in the above illustration are also regarded as positive.
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4.5 Bearing rating life and load calculation
examples

In the examples given in this section, for the purpose of
calculation, all hypothetical load factors as well as all
calculated load factors may be presumed to be included
in the resultant load values.

(Example 1)

What is the rating life in hours of operation (L1on)

for deep groove ball bearing 6208 operating at
rotational speed n = 650 min™, with a radial load Fr of
3.2 kN {326 kgf} ?

From formula (4.17) the dynamic equivalent radial load:

P:0 FrO 3.2kNO 326kgfO]

Basic dynamic load rating C: for bearing 6208 given on
page B-12 is 29.1 kN {2970 kgf}, ball bearing speed factor
fn relative to rotational speed n = 650 min* from Fig. 3.1
is fn = 0.37. Thus life factor fn from formula (3.5) is:

29.1

Cr 29.1
full o 00.37x 357 0336

Therefore, with fn = 3.36 from Fig. 3.1 the rated life, Lion,
is approximately 19,000 hours.

(Example 2)

What is the life rating Lion for the same bearing and
conditions as in Example 1, but with an additional
axial load Fa of 1.8 kN {184 kgf} ?

To find the dynamic equivalent radial load value for Pr,
the radial load factor X and axial load factor Y are used.
Basic static load rating Cor for bearing 6208 given on page
B-12is 17.8 kN {1820 kgf} and fo is 14.0. Therefore:

folFa 14x 1.8

Co U 178

0 1.42

Calculating by the proportional interpolation method
given on page B-13, e = 0.30.
For the operating radial load and axial load:
Fa 1.8

E U3 0 0.5600 e=0.30

From page B-13 X = 0.56 and Y = 1.44, and from
formula (4.17) the equivalent radial load, Pr, is:

PO XFUO YF.U 0.56x 3.200 1.43x 1.8
04.38 KkNO 447kgf]

From Fig. 3.1 and formula (3.1) the life factor, fn, is:

Cr 29.1
P, 0 0.37x 4.38 0 2.46

0 f,

Therefore, with life factor fn = 2.46, from Fig. 3.1 the
rated life, Lion, is approximately 7,500 hours.

(Example 3)

Determine the optimum model number for a

cylindrical roller bearing operating at the rotational

speed n = 450 min*, with a radial load Fr of 200 kN

{20,400kgf}, and which must have a life (Lion) of over

20,000 hours. 11

From Fig. 3.1 the life factor fn = 3.02 (L1on at 20,000),
and the speed factor fo = 0.46 (n = 450 min™). To find the
required basic dynamic load rating, Cr, formula (3.1) is
used.

fi 3.02

CO T PO 0.46

00 1,313kN0 134,000kgfC]

x 200

From page B-106, the smallest bearing that fulfills all
the requirements is NU2336 (Cr = 1,380 kN {141,000kgf}).
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(Example 4)

The spur gear shown in Fig. 4.13 (pitch diameter Dp =
150 mm, pressure anglea = 20°) is supported by a pair
of tapered roller bearings, 4T-32206 (Cr=54.5 kN
{5,600 kgf}) and 4T-32205 (Cr = 42 kN {4300 kfg}).

Find rating life for each bearing when gear transfer
power H = 150 kW and rotational speed n = 2,000 min™.

,:!,—,,7

Bearings 1 ! Bearings II

(4T-32206) (4T-32205)
p) y
8
— -

=
k70 100
170

Fig. 4.13 Spur gear diagram

The gear load from formulas (4.2), (4.3a) and (4.4) is:

19.1x 10°0H _ 19,100% 150
D,0 N 150% 2,000

[0 9.55kN0 974kgfl]
Ks O KO tana [ 9.55x tan20°
[ 3.48kN0 355kgf]
KOV ke OkKS OV 9,55 [ 3.48°
[J10.16kN0 1,040kgfl]
The radial loads for bearings I and I are:

100 100
170 KrO 770 * 10.160 5.98kNU 610kgfl]

KeO

Fer O

70

70
Fro O 170 K'D?O x 10.160 4.18kNDO 426kgfC]

0.5F1 0.5Fn
Y 01870 Y1

01.25

From Table 4.5, equivalent radial load:
Pr1 O Fr1 0 5.98kND 610kgfl]

O.SFrI
Y1

00.4x 4,180 1.67x 1.87

0 4.79kN0 489kgf]
From formula (3.5) and Fig. 3.1 the life factor, fn, for
each bearing is:

Pro O XFrn O Yo

r

frr O fn% 0 0.293x 54.5[15.980 2.67

froO fn% 0 0.293x 42.00 4.790 2.57

Therefore: a2 O 1.41 4T-tapered roller bearings shown in
B-144)

Ln [0 13,200% a.
[113,200x 1.4
118,480 hour

L[ 11,600% a.
[111,600x 1.4
[0 16,240 hour

The combined bearing life, Ln, from formula (3.3) is:

1

1 1 le
ad
D |_h1E LhzE |j

Ln[J

O

1 1 /9
O
N 18,480”% ~ 16,240”®

09,330 hour
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(Example 5) (Example 6)
Find the mean load for spherical roller bearing 23932 Find the threshold values for rating life time and
(La =320 kN {33,000 kgf}) when operated under the allowable axial load when cylindrical roller bearing
fluctuating conditions shown in Table 4.6. NUP312 is used under the following conditions:
Provided that intermittent axial load and oil lubricant.
Table 4.6 Radial load Fr[J 10kN[ 1,020kgf[]
Condition | ©Perating|  Radial load Axial load Revolution Rotational speed n O 2,000 min™
No time Ei Fai ni
5 3 (p i i al I II
' a G i 00 el | i Radial load is:
1 5 100 1020 O 20 2040 1200 P.0 F/[J 10kND 1,020kgf0]
2 10 120 1220 O 40 408 O 1000 The speed factor of cylindrical roller bearing, fn.at N0
3 60 200 2040 O 60 6120 800 2,000 min™, from Table 3.1
3/10
4 15 250 2550 [ 70 7140 600 for ] 2386?6 1’00293
5 10 300 3060 O 100 1020 O 400 '

The life factor, fn, from formula (3.4)

124
10
Therefore the basic rated life, Lion , from Table 3.1

Lion (1 500x 3.63'"° 037,000

The equivalent radial load, Pr, for each operating condition
is found by using formula (4.17) and shown in Table 4.7. faJ 0.293x
Because all the values for Fri and Fai from the bearing tables
are greater than Fa/ Fr>ed 0.18, X O 0.67, Y2 O 5.50.

Pil0d XFi OY2 Fald 0.67F« 0 5.50Fa
From formula (4.12) the mean load, Fnm, is:

J3.63

And next, allowable axial load of cylindrical roller bearing is

200 Pr|10/3|:|n|D(p i[]3110 i -
Fof] ——— 1] O 48.1kNO 4,906kgf0] shown in page B-93.
S noe i O
In formula (1) on page B-93, based on NUP312 from Table
Table 4.7 4 on page B-93, k = 0.065.
Condition No.|  Equivalent radial load. Pri dp[1 600 130720 95mmInL] 2,000 min™
i kNJ kgf O Take into consideration that intermittent axial load.
—— T 6 e 101910 10
: In Fig. 1 on page B-93, dp[1 n = 19x 10, In the case of
3 46.40 4733 0 . . h .
intermittent axial load, allowable surface pressure at the lip Pt
4 55.30 5641 0
0 40 MPa.
5 75.10 7660 O

Therefore the allowable axial load, P;, following

P.[10.065x 60°x 4001 9,360N[] 954kgf0]
Based on Table 4 of page B-93, it is within the limits of
Famax 0 0.4x 10,000 = 4,000 N. Therefore P+ J 4,000 N
{408 kgf}.
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5. Boundary Dimensions and Bearing Number Codes

5.1 Boundary dimensions

A rolling bearing's major dimensions, known as "boundary
dimensions," are shown in Figs. 5.1 - 5.3. To facilitate
international bearing interchangeability and economical
bearing production, bearing boundary dimensions have been
standardized by the International Standards Organization
(1SO). In Japan, rolling bearing boundary dimensions are
regulated by Japanese Industrial Standards (JIS B 1512).

Those boundary dimensions which have been
standardized include: bearing bore diameter, outside
diameter, width/height, and chamfer dimensions - all
important dimensions when considering the compatibility of
shafts, bearings, and housings. However, as a general rule,

}

=
o

r

bearing internal construction dimensions are not covered by
these dimensions.

For metric series rolling bearings there are 90 standardized
bore diameters (d) ranging in size from 0.6mm - 2,500mm.

Outer diameter dimensions (D) for radial bearings with
standardized bore diameter dimensions are covered in the
"diameter series;" their corresponding width dimensions (B)
are covered in the "width series." For thrust bearings there is
no width series; instead, these dimensions are covered in the
"height series.” The combination of all these series is known
as the "dimension series.” All series numbers are shown in
Table 5.1.

Although many rolling bearing dimensions are
standardized, and have been listed here for purposes of

T

;?
4‘,

+-——+ ¢deD

m

|

Fig. 5.1 Radial bearings
(excluding tapered roller bearings)

Table 5.1 Dimension series numbers

Fig. 5.2 Tapered roller bearings

p—— T —
RC‘V
r
@ di
— d—
r
. AT
I
vl T 7
1 ¢doD ‘ -
9do L_q)‘ T
L— B H— D1l T
oD

Fig. 5.3 Single direction thrust bearings

Dimension series
Diameter series Width series Height series | Reference
(outer diameter dimensions) | (width dimensions) |height dimensions) diagram
Radial bearings number |7,8,9,0,1,2,3,41(8, 0,1, 2, 3, 4,5 6 '
(excluding tapered roller |-—————-—-—-——-————— - - —— | Diagram 5.4
bearings) dimensions| small «——— large | small «———large
. number 9,0 1, 2 3 0,123 .
Tapered roller bearings ~ —————————————————————F————————————————— —— | Diagram 5.5
dimensions| small <—— large small «— large
) number | 0, 1, 2, 3, 4 7,9 1, 2|
Thrust bearings R Attt —  |pe==s=—=== Diagram 5.6
dimensions| - small <—— large small <> large
Dimension Diameter
series series
Width s o ) 2 3 s 5 s g
series b a2
o T I [~ 7
I | =
Dimension 5 o 3 D0 oo a @20 9
{ Q AL AL sl PIITITTL 11 mgl] | -
. . . . . . 10—
Fig. 5.4 Dimension series for radial bearings S
(excluding tapered roller bearings; diameter series 7 has been omitted) L1 !
3
Diameter 2 I //%
series : — \r L
o A1 / \r‘ ~ 11— W 2
el ~ e 1 |23
=i =11 ‘ |
Width K) \
series N o T ® on o L 2
B \ 1 1 L _ L1
[F—

Fig. 5.5 Dimension series for tapered roller bearings

A-30

Fig. 5.6 Dimension series for
thrust bearings
(excluding diameter series 5)



e Boundary Dimensions and Bearing Number Codes

NTN

future standardization, there are many standard bearing
dimensions which are not presently manufactured.

Boundary dimensions for radial bearings (excluding
tapered roller bearings) are shown in the attached tables.

5.2 Bearing numbers

Rolling bearing part numbers indicate bearing type,
dimensions, tolerances, internal construction, and other
related specifications. Bearing numbers are comprised of a

(Bearing number examples)

620522C30 2A

Shell Alvania 2 grease

Radial internal clearance C3
Shielded (both)

Nominal bore diameter 25mm

Diameter series 2
Deep groove ball bearing

7012CDBO GMP4

L Tolerances JIS Class 4

Medium preload

Back-to-back duplex arrangement
Contact angle 15°

Nominal bore diameter 60mm

Dimension series 0
Angular contact ball bearing

NU32 OGlCS

Radial internal clearance C3
High strength machined brass
rivetless cage with square holes

Nominal bore diameter 100mm

Dimension series 3
Cylindrical roller bearing NU type

4T0 30208

Nominal bore diameter 40mm
Diameter series 2

Width series 0

Tapered roller bearing
Spec. 4T

"basic number" followed by "supplementary codes." The
makeup and order of bearing numbers is shown in Table 5.2.

The basic number indicates general information about a
bearing, such as its fundamental type, boundary dimensions,
series number, bore diameter code and contact angle. The
supplementary codes derive from prefixes and suffixes which
indicate a bearing's tolerances, internal clearances, and
related specifications.

IT

(when outer diameter is less than 320mm)
Type B

Nominal bore diameter 170mm
Dimension series 0

Width series 3

Spherical roller bearing

-‘7 _l_— Lubrication hole/lubrication groove

2400 750BK30
Bore diameter: tapered inner

ring bore, standard taper ratio 1:30

Type B

Bore diameter 750mm
Dimension series 0
Width series 4

Spherical roller bearing

51120L1P5S

L Tolerances JIS Class 5

High strength, machined
brass cage

Nominal bore diameter 100mm
Diameter series 1

Height series 1
Thrust ball bearing

A-31
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Supplementary prefix code

Basic number

Bearing series

Dimension series code

Bore diameter code

Contact angle code

Special application/material/ Bearing bore °
heat treatment code series code Width/height serieso Diameter series Code |diametermm| Code Contact angle
4T: 4T tapered roller bearings Deep groove ball bearings (type code 6) ﬁg 22 ADniLé:ar Cgtm%‘:tdba” tbetarin?s o
) 68 @ 8 . . andard contact angle 30°
ET: ET tapered roller bearings 69 1) 9 2.5 25 B Standard contact angle 40
. 1 5
ETA: ET+special heat treatment 22 Eog 2 1 1 € Standardieontactanglests
E: Bearing using case & © 3 Tapered roller bearings
hardened steel Angular contact ball bearings (type code 7) 9 9 O ED E:(/)'malczl'anglj.%?ver 10°
) 78 @) 8 o/Including
EA: Bearing made of 79 @) 9 00 10 D Contact angle over 17°
nitride-treated case ;(2) ((1)) g o1 12 to/including 24°
hardened steel = EO; : 02 = E: (; ntallcz ?nggezgver 2°
TA: Bearing made of - . 03 17 o/Including
nitride—gt’reated bearing Selfi:;hgnmg ball be(aor)lngs (type codz 1,2)
steel (SUJ3) % ©) 5 122 22
TM: Bearing made of special 22 2 2 128 28
heat-treated bearing 23 2 3 132 32
steel (SUJ3) Cylindrical roller bearings (type code NU, N, NF, NNU, NN, etc.) - -
; ; NU10 1 0
Stainless steel bearings NUZ ©) e 05 25
. ; : NU22 2 2 06 30
N:  High speed steel bearings NUB ©) %
: NU23 2 3
Plated bearings A ©) 2 gg 328
5S: Ceramic rolling element NNU49 4 9
bearings NN30 3 0 96 480
HL:  HL roller bearings ;I'Zag);red roller bea;lngs (type codz3) /500 500
ECO: ECO-Top tapered roller 320X 2 0 1530 530
bearings 302 (o] 2 /560 560
322 2 2
LH: Bearing made of bearing gggD g 2 /2,360 2,360
steel that provides long 313X 1 3 /2,500 2,500
life at high temperatures 323 > 3
(STJ2), which is treated to ) )
stabilize dimensions at Spherical roller bearings (type code 2)
temperatures up to 250°C 239 3 9
230 3 0
TS3: Dimension stabilized 240 4 0
bearing for high 231 3 1
temperature use 2‘2‘% ‘21 %
(to 200°C) 232 3 >
o . . 213 1 3
TS4: Dimension stabilized 223 > 3
bearing for high
temperature use Single direction thrust ball bearings (type code 5)
(to 250°C) 511 1 1
512 1 2
513 1 3
514 1 4
Cylindrical roller thrust bearings (type code 8)
811 1 1
812 1 2
893 9 3
Spherical thrust roller bearings (type code 2)
292 9 2
293 9 3
294 9 4

@ Codes in () are not shown in nominal numbers.
Note: Please consult NTN Engineering concerning bearing series codes, and supplementary prefix/suffix codes not listed in the above table.

A-32



e Boundary Dimensions and Bearing Number Codes

NTN

Supplementary suffix codes

0
Internal clearance

Internal Seal / External Duplex .
modifications code| ~ cage code Shield code | configuration code | arrangement code | /preload code | Tolerance code| Lubrication code
uU: L1: LLB: K: DB: C2: P6: 12A:
Internationally High strength, Synthetic rubber| Tapered inner Back-to-back Internal JIS Class 6 Shell Alvania 2
interchangeable | machined brass | seal (non- ring bore, arrangement clearance less grease
tapered roller cage contact type) standard taper than normal P5: II
bearings ratio 1:12 DF: JIS Class 5 13A:

F1: LLU: Face-to-face (CN): Shell Alvania 3
R: Machined Synthetic rubber| K30: arrangement Normal clearance | P4: grease
Non- carbon steel seal Tapered inner JIS Class 4
internationally cage (contact type) ring bore, DT: C3: /8A:
interchangeable standard taper | Tandem Internal P2: Shell Alvania
tapered roller G1: LLH: ratio 1:30 arrangement clearance JIS Class 2 EP2 grease
bearings High strength Synthetic rubber greater than
machined brass | seal N: D2: normal 2: /5K:
ST: rivetless (low-torque type)| With snap ring | Two matched, ABMA MULTEMP SRL
Low torque cage with groove paired bearings | C4: Class 2
tapered roller square holes, ZZ: Internal /LX11:
bearings Steel shield NR: G: Flush ground | clearance 3: Barierta JFE552
G2: With snap ring greater than C3 | ABMA
HT: Pin type cage Oa: Class 3 /LPO3:
High axial load D: Spacer C5: Thermosetting
use cylindrical J: With oil hole (o = spacer's Internal 0: grease
roller bearings Pressed steel standard width | clearance ABMA (grease for
cage D1: dimensions) greater than C4 | Class 0 poly-lube
Lubrication bearings)
T2: hole/lubrication CM: 00:
Plastic mold groove Radial internal | ABMA
cage clearance for Class 00
electric motor
use
/GL:
Light preload
/GN:
Normal preload
IGM:
Medium preload
/GH:
Heavy preload
A-33
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6. Bearing Tolerances

6.1 Dimensional accuracy and running accuracy

Bearing “tolerances” or dimensional accuracy and
running accuracy, are regulated by ISO and JIS B 1514
standards (rolling bearing tolerances). For dimensional
accuracy, these standards prescribe the tolerances
necessary when installing bearings on shafts or in
housings. Running accuracy is defined as the allowable
limits for bearing runout during operation.

Dimensional accuracy

Dimensional accuracy constitutes the acceptable values
for bore diameter, outer diameter, assembled bearing
width, and bore diameter uniformity as seen in chamfer
dimensions, allowable inner ring tapered bore deviation
and shape error. Also included are, average bore diameter
variation, outer diameter variation, average outer diameter
unevenness, as well as raceway width and height variation
(for thrust bearings).

Table 6.1 Bearing types and applicable tolerance

Running accuracy

Running accuracy constitutes the acceptable values for
inner and outer ring radial runout and axial runout, inner
ring side runout, and outer ring outer diameter runout.

Allowable rolling bearing tolerances have been
established according to precision classes. Bearing
precision is stipulated as JIS class 6, class 5, class 4, or
class 2, with precision rising from ordinary precision
indicated by class 0.

Table 6.1 indicates which standards and precision
classes are applicable to the major bearing types. Table
6.2 shows a relative comparison between JIS B 1514
precision class standards and other standards. For greater
detail on allowable limitations and values, refer to Tables
6.3 - 6.9. Allowable values for chamfer dimensions are
shown in Table 6.10, and allowable limitations and values
for radial bearing inner ring tapered bores are shown in
Table 6.11.

Bearing type Applicable standard Tolerance class Tolerance table
Deep groove ball bearings class 0 class 6 | class 5 | class 4 | class 2
Angular contact ball bearings class 0 class 6 | class 5 | class 4 | class 2
Self-aligning ball bearings class 0 O O O O
— - JIS B 1514 Table 6.3
Cylindrical roller bearigns (1S0492) class 0 class 6 | class5 | class 4 |class 2
Needle roller bearings class 0 class 6 | class 5 | class 4 O
Spherical roller bearings class 0 O O O O
Tapered metric JIS B 1514 class 0,6X | class 6 | class 5 | class 5 O Table 6.4
roller Inch ANSI/ABMA Std.19 class 4 class 2 | class 3 | class O | class00 | Table 6.5
bearings J series ANSI/ABMA Std.19.1 | class K classN | class C | class B | class A | Table 6.6
Thrust ball bearings JIS B 1514 class 0 class 6 | class 5 | class 4 ] Table 6.7
Spherical roller thrust bearings (1S0199) class 0 0 ] 0 0 Table 6.8
Double direction angular contact thrust ball bearings | NTN standard O O class 5 | class 4 O Table 6.9
Table 6.2 Comparison of tolerance classifications of national standards
Standard Applicable standerd Tolerance Class Bearing Types
e e JIS B 1514 Class 0,6X | Class 6| Class 5| Class 4| Class 2| All type
Normal
I1ISO 492 class Class 6 | Class 5 | Class 4 | Class 2 | Radial bearings
Class 6X
International Organization Normal )
for Standardization (1SO) ISO 199 Class Class 6 | Class 5 | Class 4 0 Thrust ball bearings
ISO 578 Class 4 Class 3 | Class 0 | Class 00| Tapered roller bearings (Inch series)
1ISO 1224 0O Class 5A |Class 4A 0 Precision instrument bearings
Deutsches Institut
fur Normung(DIN) DIN 620 PO P6 P5 P4 p2 | Alltype
American National 9 ABEC-1 |ABEC-3|ABEC-5 Radial bearings
Standards Institute (ANSI) ANSI/ABMA $td.20 | RBgC.1 |RBEC-3 | RBEC-5 | ABEC-7 | ABEC-9 (Except tapered roller bearings)
American Bearing ANSI/ABMA Std.19.1 Class K | Class N| Class C| Class B | Class A | Tapered roller bearings (Metric series)
Manufacturer's Association
(ABMA) ANSI/ABMA Std.19| Class4 | Class 2 | Class 3 | Class 0 | Class 00| Tapered roller bearings (Inch series)

@ "ABEC" is applied for ball bearings and "RBEC" for roller bearings.
Notes 1: JIS B 1514, ISO 492 and 199, and DIN 620 have the same specification level.

2: The tolerance and allowance of JIS B 1514 are a little different from those of ABMA standards.
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Table 6.3 Tolerance of radial bearings (Except tapered roller bearings)
Table 6.3 (1) Inner rings

NTN

O Nominal Dimensional tolerance of mean Bore diameter variation
0 bore bore diameter within plane
O diameter Vep
Admp
oo d
0O mm diameter series 9 diameter series 0.1 | diameter series 2.3.4
class O class 6 class 5 class 4“ class 20 class class class class class | class class class class class | class class class class class
5 4 2 5 4 2 0 6 5] 4
over incl. | high low high low high low high low high low max max max
0.69 25| 0 -8 0 70 5 0 -4 0 25|10 9 5 425 8 7 4 3 25 6 5 4 3 2.511
25 10 0 -8 0 -7 0 5 0 -4 0 25|10 9 5 425 8 7 4 3 25 6 5 4 3 25
10 18 0 8 0 -7 0 5 0 4 0 -25|10 9 5 425 8 7 4 3 25 6 5 4 3 25
18 30 0 -10 O -8 0 6 0 5 0 -25 |13 10 6 525 10 8 5 4 25 8 6 5 4 25
30 50 0 -12 0 -10 O 8 0 6 0 -25 |15 13 8 6 25 1210 6 5 251 9 8 6 5 25
50 80 0 -15 0 -12 O 9 0 7 0 4 19 15 9 7 4 19 15 7 5 11 9 7 5 4
80 120 0 20 0 -15 0 -10 O -8 0 5 25 19 10 8 5 2519 8 6 5 (15 11 8 6 5
120 150 o 2 0 -18 0 -13 0 -10 O -7 31 23 13 10 7 312310 8 7 (19 14 10 8 7
150 180 o 25 0 -18 O -13 O -10 O -7 31 23 13 10 7 312310 8 7 (19 14 10 8 7
180 250 0O 30 0 -2 0 -15 0 -12 0 -8 38 28 15 12 8 38 2812 9 8 (23 17 12 9 8
250 315 0 35 0 -25 0 -18 O o 0O O 44 31 18 O O 44 31 14 0 0O |26 19 14 O O
315 400 0O 40 0 -30 0 -23 O o 0O O 50 38 23 O O 50 38 18 O 0O |30 23 18 O O
400 500 0 45 0 -35 0O o 0O o 0O O 56 44 0O 0O O 56 44 0O 0O 0O (34 26 0 O O
500 630 0 50 0 -40 O o 0O o 0O O 63 50 O 0O O 63 50 O O 0O (3 300 O O
630 800 0 -75 O O O o O o O O O 0O o0 oao 0000 o|0oaoodao
800 1000 0 -100 O O O o 0O o 0O O O 00 oo 0000 o|0ooodao
1 000 1250 0 -125 O O O O O O 0 O o o o0 00 o o0 o oo o 0 0 0 0O
1250 1600 0 -160 O O O 0 0 0 0 0 o o o0 0 0o o 0o o oo o 0 0 0O O
1600 2000 0 -200 0O 0 0 O 0O O 0 0O 0O 0 0 00 0000 0|0 0000

@ The dimensional difference Ads of bore diameter to applied for class 4 and 2 is the same as the tolerance of dimentional difference Admp of average bore diameter.
However, the dimensional difference is applied to diameter series 0, 1, 2, 3 and 4 against Class 4, and to all the diameter series against Class 2.

Table 6.3 (2) Outer rings

0 Nominal Dimensional tolerance of mean outside Outside diameter variation ©
0 outside diameter within plane
0 diameter Vop
Abmp
0o0 D open type
ooooao ) . . . . .
O mm diameter series 9 diameter series 0.1 | diameter series 2.3.4
(-] (-]
class 0 class 6 class 5 class 4 class 2 class class class class class | class class class class class | class class class class class
0 6 5 4 2 0 6 5 4 2 6 5 4 2
over incl. | high low high low high low high low high low max max max
250 6 0 -8 0 -7 0 5 0 4 0 -25 10 9 5 4 25/ 8 7 4 325/ 6 5 4 3 25
6 18 0 -8 0 -7 0 5 0 4 0 -25 10 9 5 4 25/ 8 7 4 325/ 6 5 4 3 25
18 30 0 9 0 -8 0 6 0 5 0 -4 12 10 6 5 4 9 8 5 414 7 6 5 4 4
30 50 0 -11 o 9 0 -7 0 6 0 -4 14 11 7 6 4 11 9 5 5 4 8 7 5 5 4
50 80 0O -13 0 -11 O 9 0 7 0 -4 16 14 9 7 4 1311 7 54 |10 8 7 5 4
80 120 0O -15 0 -13 0 -10 O 8 0 -5 19 16 10 8 5 1916 8 65 |11 10 8 6 5
120 150 0O -18 0 -15 0 -11 O -9 0 5 231911 9 5 2319 8 75 |14 11 8 7 5
150 180 0O 25 0 -18 0O -13 0 -10 O -7 31 23 1310 7 31 2310 8 7 |19 14 10 8 7
180 250 0O 30 0 -20 0 -15 0 -11 O -8 38 25 1511 8 38 2511 8 8 |23 15 11 8 8
250 315 0O -3%5 0 25 0 -18 0O -13 0 -8 44 31 1813 8 | 44 31 1410 8 |26 19 14 10 8
315 400 0O 40 O -28 0 -20 0O -15 0 -10 50 35 20 1510 50 35 15 1110 | 30 21 15 1110
400 500 0 45 0 -33 0 -23 0O O 0o 0O 56 41 23 0 0O | 56 41 170 O |34 2517 O O
500 630 0O 50 0 -38 0 -28 O O 0o O 63 48280 O | 6348210 O |3 2921 0 O
630 800 0O 75 0 -4 0 -3 0O O o 0O 9456350 O | 9456 260 0O |55342 0O O
800 1000 0 -100 O 60 O O o O O O 125 75 0 0O 0O (125 750 O O 75 450 0O O
1000 1250 0 -125 0O O o O 0o o o 0O 0O O0o0Do0o|0Do0oOoo0 0o oo oo
1250 1600 0 -160 O O o 0O o 0O O O o 0o oo o o ooo oo oo oo
1 600 2 000 0 -200 0 O o O 0o O 0o O 0O 000D 0o0o|0o0O0oo0 00 00 0o
2000 2 500 0 -250 0 O 0O 0O 0o 0O 0O 0O 0 000 0|0 000 0|00 0 00

© The dimensional difference Aps of outer diameter to be applied for classes 4 and 2 is the same as the tolerance of dimensional difference Apbmp of average outer
diameter. However, the dimensional difference is applied to diameter series 0, 1, 2, 3 and 4 against Class 4, and also to all the diameter series against Class 2.
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Unity m
Mean bore diameter Inner ring Side runout Inner ring Inner ring width deviation Inner ring width
variation radial runout with bore axial runout Ass variation
Vdmp Kia Sd S P Ves
ia I )
normal modified
class class class class class | class class class class class | class class class | class class class | class 0,6 class 5,4 class 2 |class 0,6 class 5,4 |class class class class class
0 6 5 4 2 6 5 4 2 5 4 2 5 4 2 5 4 2
max max max max high low high low high low |high low high low max
6 5 32 154 10 5 4 2515 7 3 15 7 3 15| 0 40 0 -40 0 -40|/0 O 0 -250) 12 12 5 2515
6 5 32 154 10 6 4 2515 7 3 15 7 3 15| 0 -120 0 -40 0O -40| 0 -250 O -250| 15 15 5 2515
6 5 32 154 10 7 4 2515 7 3 15 7 3 15| 0 -120 0 -80 O -80| 0 -250 0O -250| 20 20 5 25 15
8 6 3 2515 13 8 4 3 25| 8 4 15 8 4 250 -120 0 -120 0 -120| 0 -250 O -250| 20 20 5 25 15
9 8 43 15 1510 5 4 25| 8 4 15 8 4 250 -120 0 -120 0 -120| 0 -250 O -250| 20 20 5 3 15
11 9 5 352 20 10 5 4 25| 8 5 15 8 5 25| 0 -150 0 -150 O -150|{ 0 -380 0O -250| 25 25 6 4 15
1511 5 4 25| 2513 6 5 25| 9 5 25 9 5 25| 0 -200 0 -200 O -200{ O -380 O -380| 25 25 7 4 25
1914 7 5 35/ 3018 8 6 25|10 6 25|10 7 25| 0 -250 O -250 O -250| O -500 O -380| 30 30 8 5 25
1914 7 5 35| 3018 8 6 5 10 6 4 10 7 5 0O -250 0 -250 O -250| O -500 O -380| 30 30 8 5 4
2317 8 6 4 40 20 10 8 5 11 7 5 13 8 5 0O -300 0 -300 O -300| O -500 O -500f 30 3010 6 5
2619 90 0O)|5025130 0O |13 O O |15 O O 0 -350 0 O O O 0 -500 0 O 35 313 0 O
302312 0 0| 603015 0 O (15 O 0O |20 O O 0 -400 0 O O O 0 -630 0 O 40 4015 O O
34260 O 0| 65350 0O O |0 O 0O 0O o 0O 0 450 0 O O O |O0 O o o 50 450 0O O
3830 O O|70400 0O O |0 O OO o 0O 0 5000 O O O (O O o o 60 500 0O O
550 O O O8O0 O O O |0 O OO o O 0 o 0O 0O O o |o O o O 700 0 O O
750 O O O|j%eO0 O O O |0 O OO o 0O 0 o 0O o0 0 O |o O o o oo O O O
940 O 0O Oj1000 O O O |0 O 0O |O o 0O 0 o o o o oo g O 0O |00 O O O
1200 0 O O(1200 0O O O |O O O |O o 0O 0 o 0 o o oo o O 0O |1200 O O O
1500 O O 0O (1400 0O 0O 0O (O O 0O |O o 0 0 o 0 0 0 O |0 O O 0 |1400 0 0O O
@ Applies to ball bearings such as deep groove ball bearings and angular ball bearings.
© To be applied for individual raceway rings manufactured for combined bearing use.
O Nominal bore diameter of bearings of 0.6 mm is included in this dimensional division.
Unitp m
Outside diameter Mean bore diameter | Outer ring radial runout | Outside surface |  Outside ring Outer ring Outer ring width
variation Vor ® variation K inclination axial runout width variation
Sealed/shield Vomp e (7] deviation
bearings Sb Sea Ves
diameter series Acs
23400 01234
class class class class class | class class class class class | class class class class class class class 0,6 class class class
class 0 class 6 0 5 4 2 [ 5 4 2 5 4 2 5 4 2 ! 5 4 2
max max max max max all type max
10 9 6 5 3 2 15(15 8 5 3 15 8 4 15 8 5 15 52515
10 9 6 5 3 2 15|15 8 5 3 15 8 4 15 8 5 1.5 | Dependson | Depends 5 2515
12 10 7 6 3 252 15 9 6 4 25 8 4 15 8 5 2.5 | tolerance of |on 5 2515
16 13 8 7 4 3 2 | 2010 7 5 25| 8 4 15| 8 5 25 tABSd'” fre'a“on t‘;"zra’.‘ce 5 25 15
20 16 |10 8 5 352 |25 13 8 5 4 8 4 15| 10 5 4 b° orsame °| o '”t 63 15
26 20 |11 10 5 4 25|35 18 10 6 5 9 5 25| 11 6 5 |°cang relationto g 2.5
d of same
30 25 14 11 6 5 25|40 20 11 7 5 10 5 25 13 7 5 bearing 85 25
38 30 19 14 7 5 35| 45 23 13 8 5 10 5 25 14 8 5 85 25
— — 23 15 8 6 4 50 25 15 10 7 11 7 4 15 10 7 10 7 4
— — 26 19 9 7 4 60 30 18 11 7 13 8 5 18 10 7 11 7 5
— — 30 21 10 8 5 70 35 20 13 8 13 10 7 20 13 8 138 7
— — 34 25 12 — — | 80 40 23 — — 15 — — 23 — — 15 — —
— — 38 29 14 — — (100 50 25 — — 18 — — 25 — — 18 — —
— — 55 34 18 — — (120 60 30 — — |20 — — 30 — — 20 — —
— — 7% 45 — — — (140 75 — — — —_ - — —_ = — —_ — —
— — - - — — — 160 — — — — —_ - — —_ = — —_ — —
— — _ - — — — /190 — — — — —_ = — —_ = — _— —
— — _ — — — — 220 — — — — —_ - — —_ = — _ — —
— — — — — — — |250 — — — — — — — — = — —_ — —

@ To be applied in case snap rings are not installed on the bearings.
@ Applies to ball bearings such as deep groove ball bearings and angular ball bearings.
@ Nominal outer diameter of bearings of 2.5 mm is included in this dimensional division.
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Table 6.4 Tolerance of tapered roller bearings (Metric series)
Table 6.4 (1) Inner rings

O Nominal Dimensional tolerance of mean Bore diameter Mean bore diameter Inner ring radial runout |  Side
0 bore bore diameter within plane variation variation Ki runout
O diameter a with bore
Admp Vdp Vdmp
od d Si
O mm
lass 06X class 5.6 s 40 class class class class | class class class class | class class class class | class class
g ! ! 0,6X 6 5 4 0,6X 6 5 4 0,6X 6 5 4 5| 4
over O incl. high low high low high low max max max max
10 18 0 -12 0 -7 0 -5 12 7 5 4 9 5 5 4 15 7 5 3 7 3 II
18 30 0 -12 0 -8 0 -6 12 8 6 5 9 6 5 4 18 8 5 3 8 4
30 50 0 -12 0 -10 O -8 12 10 8 6 9 8 5 5 20 10 6 4 8 4
50 80 0O -15 O 12 0 -9 15 12 9 7 11 9 6 5 25 10 7 4 8 5
80 120 0 -20 O -15 0 -10 20 15 11 8 15 11 8 5 30 13 8 5 9 5
120 180 0O 25 O -18 0 -13 25 18 14 10 19 14 9 7 35 18 11 6 10 6
180 250 0O -30 O 22 0 -15 30 22 17 11 23 16 11 8 50 20 13 8 11 7
250 315 0 -35 — —_ — — 35 —_ = - 26 —_ = - 60 —_ = - —_ —
315 400 0 -40 — —_ — — 40 —_ = - 30 —_- - - 70 —_- - - —_ —
400 500 _- = - —_ — — — —_ - - — —_- - - — _- - - —_ —
500 630 —_- = - —_ — — — —_ = - — —_- - - — _- - - —_ —
630 800 —_ = = —_ — — — —_ = = — —_ = - — —_ = - —_ —
800 1,000 —_- = = —_ — — — —_ = - — —_- = - — —_ - - —_ —
@ The dimensional difference Ads of bore diameter to be applied for class 4 is the same as the tolerance of dimensional difference Admp of average bore diameter.
Table 6.4 (2) Outer rings
0 Nominal Dimensional tolerance of mean Outside diameter Mean bore diameter | Outer ring radial runout | Outside
0 outside outside diameter within plane variation variation K surface
0 diameter ea inclination
DDmp VDp VDmp
oo D SDG
O mm
lass 06X  class 5.6 albss 49 class class class class | class class class class | class class class class | class class
e ! ! 0,6X 6 5 4 0,6X 6 5 4 0,6X 6 5 4 5| 4
over incl. high low high low high low max max max max
18 30 0 -12 0 -8 0 -6 12 8 6 5 9 6 5 4 18 9 6 4 8 4
30 50 0 -14 O 9 0 -7 14 9 7 5 11 7 5 5 20 10 7 5 8 4
50 80 0O -16 O 11 0 -9 16 11 8 7 12 8 6 5 25 13 8 5 8 4
80 120 0O -18 O -13 0 -10 18 13 10 8 14 10 7 5 35 18 10 6 9 5
120 150 0O -20 O 15 0 -11 20 15 11 8 15 11 8 6 40 20 11 7 10 5
150 180 0O -25 0 -18 0 -13 25 18 14 10 19 14 9 7 45 23 13 8 10 5
180 250 0O -30 O 20 0 -15 30 20 15 11 23 15 10 8 50 25 15 10 11 7
250 315 0 -35 0 25 0 -18 35 25 19 14 26 19 13 9 60 30 18 11 13 8
315 400 0O -40 O 28 0 -20 40 28 22 15 30 21 14 10 70 35 20 13 13 10
400 500 0 45 — - — — 45 — — — 34 — — — 80 - — — — —
500 630 0 -50 — —- - — 50 —_ - - 38 —_- - - 100 —_- = - —_ —

@ Does not apply to bearings with flange.
© The dimensional difference Dos of outside diameter to be applied for class 4 is the same as the tolerance of dimensional difference Domp of average outside diameter.
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Unity m
Inner ring Inner ring width deviation Assembly width deviation of single-row Combination width | Combination width
axial runout Ass tapered roller bearings deviation of double | deviation of 4-row
0DDONO000O00000 Avs row bearings bearings
Sia Asis,  Acis As2s,  Acas
class 4 class 0,6 class 6X class 4,5 class 0,6 class 6X class 4,5 class 0,6,5 class 0,6,5
max high low high low high low high  low high low high low high low high low
8 0 -120 0 -50 0 -200 | +200 0 +100 0 +200 -200 O 0 O 0
4 0 -120 0 -50 0 -200 | +200 0 +100 0 +200 -200 O 0 O 0
4 0 -120 0 -50 0 -240 | +200 0 +100 0 +200 -200 +240 -240 0 O
4 0 -150 0 -50 0 -300 | +200 0 +100 0 +200 -200 +300 -300 O O
5 0 -200 0 -50 0 -400 | +200 -200 +100 O +200 -200 +400 -400 +500 -500
7 0 -250 0 -50 0 -500 | +350 -250 +150 O +350 -250 +500 -500 +600 -600
8 0 -300 0 -50 0 -600 | +350 -250 +150 O +350 -250 +600 -600 +750 -750
0 0 -350 0 -50 o 0O +350 -250 +200 O O O +700 -700 +900 -900
0 0 -400 0 -50 o 0O +400 -400 +200 O 0 O +800 -800 +1 000 -1000
0 O O o o o 0O O O O O O O +900 -900 +1200 -1200
0 0 0 0o O o 0O 0 0 O O O O +1000 -1000 +1200 -1200
0 0 [} o O O O O 0 0 0 0 0 +1 500 -1 500 +1 500 -1500
O O [} o 0O O O O O O O O 0 +1 500 -1 500 +1500 -1500
Unity m Table 6.4 (3) Effective width of outer and inner rings with roller unity m
Outer ring axial Outer ring width deviation 0 Nominal Effective width deviation Tapered roller bearing outer
runout Acs 0 bore of roller and inner ring assembly | ring effective width deviation
Sea 0 diameter of tapererd roller bearing Arze
ood 00000 Ans
° O mm
class 4 class 0,6,5,4 class 6X class 0 class 6X class 0 class 6X
max sup. inf. sup. inf. over incl. high low high low | high low high low
5 0 -100 10 18 +100 0 +50 0 +100 0 +50 0
5 Dependson 0 -100 18 30 +100 0 +50 O +100 0 +50 0
5 tolerance of 0 -100 30 50 +100 0 +50 O +100 0 +50 0
Ass in
6 el [ 6 0 -100 50 80 +100 0 +50 O +100 0 +50 0
7 o — 0 -100 80 120 +100 -100 +50 O +100 -100 +50 0
8 - 0 -100 120 180 +150 -150 +50 O +200 -100 +100 O
earing
10 0 -100 180 250 +150 -150 +50 O +200 -100 +100 O
10 0 -100 250 315 +150 -150 +100 O +200 -100 +100 O
13 0 -100 315 400 +200 -200 +100 O +200 -200 +100 O
— 0 -100
— 0 -100
O Applies to bearing where d is greater than 10 mm T Master cup T Master cone
but is less than or equal to 400 mm. sub-unit sub-unit
4t -—-—+ od —--—--+ od
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Table 6.5 Tolerance of tapered roller bearings (Inch series)
Table 6.5 (1) Inner rings

NTN

Unity m
Nominal bore diameter Single bore diameter deviation
d 0 Ads
mm (inch) O O O O O
Class 4 Class 2 Class 3 Class 0 Class 00
over incl. high low high low high low high low high low
O 76.2(3 ) +13 0 +13 0 +13 0 +13 0 +8 0 II

76.2( 3 ) 266.7 (10.5) +25 0 +25 0 +13 0 +13 0 +8 0
266.7 (10.5) 304.8 (12 ) +25 0 +25 0 +13 0 +13 0 — —
304.8(12 ) 609.6 (24 ) +51 0 +51 0 +25 0 — — — —
609.6(24 ) 914.4(36 ) +76 0 — — +38 0 — — — —
914436 ) 1219.2 (48 ) +102 0 — — +51 0 — — — —
1219.2(48 ) O +127 0 — — +76 0 — — — —

Table 6.5 (2) Outer rings Unity m
Nominal outside diameter Single outside diameter deviation
D Abs
mm (inch) O O O O O

Class 4 Class 2 Class 3 Class 0 Class 00
over incl. high low high low high low high low high low

O 266.7 (10.5) +25 0 +25 0 +13 0 +13 0 +8 0

266.7 (10.5) 304.8(12 ) +25 0 +25 0 +13 0 +13 0 —0 —
304.8(12 ) 609.6 (24 ) +51 0 +51 0 +25 0 —0 — —0 —
609.6 (24 ) 914.4(36 ) +76 0 +76 0 +38 0 —0 — —0 —
914.4(36 ) 1219.2(48 ) +102 0 — 0O — +51 0 —0 — —0 —
1219.2(48 ) O +127 0 — 0 — +76 0 —0 — —0 —

Table 6.5 (3) Single-row tapered roller bearing assembly width, combination width of 4-row bearings,
effective width of inner ring with rollers, effective width of outer ring

Nominal Nominal Overall width deviation of assembled single row tapered roller bearing Overall width deviation
_bore outside Are of assembled 4-row
diameter diameter tapered roller bearings
d D AB2s, Aczs
mm (inch) mm (inch) o
Class 4 Class 2 Class 3 Class 0,00 Class 4,2,3,0
over incl. over incl. high low high low high low high low high low
O 101.6 ( 4) +203 0 +203 0 +203 -203 +203 -203 +1524  -1524
101.6 ( 4) 304.8(12) +356 -254 +203 0 +203 -203 +203 -203 +1524  -1524
304.8(12) 6096(24)| O  5080(0) | +381 -381 +381 -381 +203 -203 —0 —0 | +1524 -1524
304.8(12) 609.6(36) [ 508.0(20) O +381 -381 +381 -381 +381 -381 —0 —0 | +1524 -1524
609.6 (24) O +381 -381 —0 —0 +381 -381 —0 —0 | +1524 -1524
Table 6.5 (4) Radial deflection of inner and outer rings Unity m
Nominal outside diameter Inner ring radial runout Kia
D QOuter ring radial runout Kea
mm (inch) O0 O O
Class 4 Class 2 Class 3 Class 0 Class 00
over incl. max
— 304.8 (14) 51 38 8 4 2
304.8 (14) 609.6 (24) 51 38 18 — —
609.6 (24) 914.4 (36) 76 51 51 — —
914.4 (36) = 76 = 76 = =
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Master cup Master cone
T sub-unit T sub-unit
s+ - —-— d —--—-—+ o¢d
Unity m
Effective width deviation of roller and inner Tapered roller bearing outer ring effective width deviation
ring assembly of tapered roller bearing Aras
ATis
O 0 O O O 0
Class 4 Class 2 Class 3 Class 4 Class 2 Class 3
high low high low high low high low high low high low
+102 0 +102 0 +102 -102 +102 0 +102 0 +102 -102
+152 -152 +102 0 +102 -102 +203 -102 +102 0 +102 -102
—0 —o 478 178® 402 1029 —o —0  +203  203®  +102  -102®
—0 —0 —0 —0 —a —0 —0 —0 —0 —0 —(@ —0
—0O —0O —0 —0O0 —0 —0 —0 —0O —0 —0O0 —0O0 —0

@ To be applied for nominal bore diameters d of 406.400 mm (16 inch) or less.
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Table 6.6 Tolerance of tapered roller bearings of J series (Metric series)
Table 6.6 (1) Inner rings

Nominal Mean bore diameter deviation Bore diameter variation Mean bore diameter
‘bore A v variation
diameter dmp dp
Vdmp
O d
mm Class Class Class Class Class Class Class Class |Class Class Class Class
K N C B K N © B K N © B
over incl. | high low high low high low high low max max
10 18 0 -12 0 -12 0 -7 0 -5 12 12 4 3 9 9 5 4 II
18 30 0 -12 0 -12 0 -8 0 -6 12 12 4 3 9 9 5 4
30 50 0 -12 0 -12 0 -10 0 -8 12 12 4 3 9 9 5 5
50 80 0 -15 0 -15 0 -12 0 -9 15 15 5 3 11 11 5 5
80 120 0 -20 0 -20 0 -15 0 -10 20 20 5 3 15 15 5 5
120 180 0 -25 0 -25 0 -18 0 -13 25 25 5 3 19 19 5 7
180 250 0 -30 0 -30 0 -22 0 -15 30 30 6 4 23 23 5 8
Note: Please consult NTN Engineering for Class A bearings.
Table 6.6 (2) Outer rings
Nominal Mean outside diameter deviation Outside diameter Mean outside outer ring
outside A variation diameter variation axial runout
diameter D
VDp VDmp Sea
O D
T Class Class Class Class Class Class Class Class |Class Class Class Class Class
K N (63 B K N C B K N C B B
over incl. | high low high low high low high low max max max
18 30 0 -12 0 -12 0 -8 0 -6 12 12 4 3 9 9 5 4 3
30 50 0 -14 0 -14 0 -9 0 -7 14 14 4 3 11 11 5 5 3
50 80 0 -16 0 -16 0 -11 0 -9 16 16 4 3 12 12 6 5 4
80 120 0 -18 0 -18 0 -13 0 -10 18 18 5 3 14 14 7 5 4
120 150 0 -20 0 -20 0 -15 0 -11 20 20 5 3 15 15 8 6 4
150 180 0 -25 0 -25 0 -18 0 -13 25 25 5 3 19 19 9 7 5
180 250 0 -30 0 -30 0 -20 0 -15 30 30 6 4 23 23 10 8 6
250 315 0 -35 0 -35 0 -25 0 -18 35 35 8 5 26 26 13 9 6
315 400 0 -40 0 -40 0 -28 0 -20 40 40 10 5 30 30 14 10 6
Note: Please consult NTN Engineering for Class A bearings.
Table 6.6 (3) Effective width of inner and outer rings Unity m
Nominal Effective width deviation of roller and inner ring oo Tapered roller bearing outer ring
digr%rgter 00 o 0 Bssemply-pftapered roller bearing oooo effective width deviation
AT11s ATt2s
Od
- O Class Class Class Class Class Class Class Class
K N € B K N C B

over incl. high  low high low high low high low| high low high low high low high low

10 80 +100 0 +50 0 +100 -100 = * | +100 0 +50 0 +100 -100
80 120 +100 -100 +50 0 +100 -100 =* * | +100 -100 +50 +100 -100
120 180 +150 -150 +50 0 +100 -100 = * | +200 -100 +100 +100 -150
0

180 250 +150 -150 +50

o O o

+100 -150 =* * | +200 -100 +100 +100 -150 = *

Note 1: "«" mark are to be manufactured only for combined bearings.
2: Please consult NTN Engineering for Class A bearings.
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Unity m
Inner ring Overall width deviation of assembled
axial runout tapered roller bearing
ATts
Sia
Class Class Class Class Class
B K N C B
max sup inf  sup inf  sup inf  sup inf
3 +200 0 +100 0 +200 -200 +200 -200
4 +200 0 +100 0 +200 -200 +200 -200
4 +200 0 +100 0 +200 -200 +200 -200
4 +200 0 +100 0 +200 -200 +200 -200
5 +200 -200 +100 O +200 -200 +200 -200
7 +350 -250 +150 O +350 -250 +200 -250
8 +350 -250 +150 O +350 -300 +200 -300
Table 6.6 (4) Radial runout of inner and outer rings
Unity m
Nominal Inner ring radial runoutd Kia
outside and
diameter Outer ring radial runout Kea
D
mm Class Class Class Class
K N (o} B
over incl. max
18 30 18 18 5 3
30 50 20 20 6 3
50 80 25 25 6 4
80 120 35 35 6 4
120 150 40 40 7 4
150 180 45 45 8 4
180 250 50 50 10 5
250 315 60 60 11 5
315 400 70 70 13 5
Note: Please consult NTN Engineering for Class A bearings.
Master cup Master cone
Ta sub-unit Tz sub-unit
4t -——-—+ od —f+--——-—+ od
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Table 6.7 Tolerance of thrust ball bearings

NTN

Table 6.7 (1) Shaft raceway disc Unity m
Nominal Mean bore diameter deviation Bore diameter Raceway thickness variation
bore A variation S
diameter Gt J
Vdp
Od
mm Class Class Class Class Class Class Class Class
0,6,5 4 0,6,5 4 0 6 5 4
over incl. high low high low max max
— 18 0 -8 0 -7 6 B 10 5 3 2 II
18 30 0 -10 0 -8 8 6 10 5 8 2
30 50 0 -12 0 -10 9 8 10 6 3 2
50 80 0 -15 0 -12 11 9 10 7 4 3
80 120 0 -20 0 -15 15 11 15 8 4 3
120 180 0 -25 0 -18 19 14 15 9 5 4
180 250 0 -30 0 -22 23 17 20 10 5 4
250 315 0 -35 0 -25 26 19 25 13 7 5
315 400 0 -40 0 -30 30 23 30 15 7 5
400 500 0 -45 0 -35 34 26 30 18 9 6
500 630 0 -50 0 -40 38 30 35 21 11 7
Table 6.7 (2) Housing raceway disc Unity m
Nominal Mean outside diameter deviation Outside diameter Raceway thickness variation
outside A variation s
diameter Dmp e
VDp
0D
mm Class Class Class Class Class Class Class Class
0,6,5 4 0,6,5 4 0 6 5 4
over incl. high low high low max max
10 18 0 -11 0 -7 8 5
18 30 0 -13 0 -8 10 6
30 50 0 -16 0 -9 12 7
50 80 0 -19 0 -11 14 8
80 120 0 -22 0 -13 17 10 .
120 180 0 25 0 15 19 11 According to the tolerance
of S1 against "d" of the same
180 250 0 -30 0 -20 23 15 bearings
250 315 0 -35 0 -25 26 19
315 400 0 -40 0 -28 30 21
400 500 0 -45 0 -33 34 25
500 630 0 -50 0 -38 38 29
630 800 0 -75 0 -45 55 34
Table 6.7 (3) Bearing height Unity m
Nominal Single direction
bore Bearing height @
diameter deviation
O0d 0
mm ATs
over incl. high low
— 30 0 -75
30 50 0 -100
50 80 0 -125
80 120 0 -150
120 180 0 -175
180 250 0 -200
250 315 0 -225
315 400 0 -300
400 500 0 -350
500 630 0 -400

@ This standard is applied for flat back face bearing of class 0.
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Table 6.8 Tolerance of spherical thrust roller bearing Table 6.8 (2) Housing raceway disc
Table 6.8 (1) Shaft raceway disc Unity m Unity m
. . ; " Nominal Single plane mean
Nominal Mean bore Bore Side Bearing height : : - .
bore diameter | diameter deviation | diameter | runout deviation outside diameter outs‘ljde_dlgmeter
d Al variation |with bore A D eviation
m S
mm ° Vdp Sd mm Aomp
over incl. high low max max high low over incl. high  low
50 80 0 -15 11 25 +150 -150 120 180 0 -25
80 120 0 -20 15 25 +200 -200 180 250 0 -30
120 180 0 -25 19 30 +250 -250 250 315 0 -35
180 250 0 -30 23 30 +300 -300 315 400 0 -40
250 315 0 -35 26 85 +350 -350 400 500 0 -45
315 400 0 -40 30 40 +400 -400 500 630 0 -50
400 500 0 -45 34 45 +450 -450 630 800 0 -75
800 1,000 0 -100

Table 6.9 Tolerance of double direction type angular contact thrust ball bearings

Table 6.9 (1) Inner rings and bearing height Unity m
Nominal Mean bore diameter Side runout | Inner ring axial Inner ring Bearing height
bore diameter deviation Admp with bore runout width variation deviation
d Bore diameter deviation Ads Sy Sia Vs ATs
mm Class 5 Class 4 Class5 Class4 | Class5 Class4 | Class5 Class4 Class 5, Class 4
over incl. high low high low max max max high low
18 30 0 -6 0 -5 8 4 5 3 5! 2.5 0 -300
30 50 0 -8 0 -6 8 4 5 3 5) 3 0 -400
50 80 0 -9 0 -7 8 5 6 5 6 4 0 -500
80 120 0 -10 0 -8 9 5 6 5 7 4 0 -600
120 180 0 -13 0 -10 10 6 8 6 8 5 0 -700
180 250 0 -15 0 -12 11 7 8 6 10 6 0 -800
250 315 0 -18 0 -15 13 8 10 8 13 7 0 -900
315 400 0 -23 0 -18 15 9 13 10 15 9 0 -1,000
Table 6.9 (2) Outer rings Unity m
Nominal Mean outside diameter Outside surface inclination|  Outer ring axial runout Outer ring width variation
outside diameter deviation Aom
. . a So Sea Ves
D Outside diameter
deviation Aobs
mm
Class 5 Class 4 Class 5 Class 4 Class 5 Class 4 Class 5 Class 4
over incl. high low max max max
30 50 -30 -40 8 4 According to 5 2.5
50 80 -40 -50 8 4 tolerance of Sia 6 3
80 120 -50 -60 9 5 against "d" of the 8 4
120 150 -60 -75 10 5 same bearings 8 5
150 180 -60 -75 10 5 8 5
180 250 -75 -90 11 7 10 7
250 315 -90 -105 13 8 11 7
315 400 -110 -125 13 10 13 8
400 500 -120 -140 15 13 15 10
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6.2 Chamfer measurements and tolerance or _ _
allowable values of tapered bore Side face of inner

ring or center
washer, or side face
of outer ring
i 2
o
rom ) £ 5|8
) = £ 3
Bore diameter face | g minor Msmin| x
of bearing or outer b
diameter face of I's max OF F1s max II
bearing (Axial direction)
Table 6.10 Allowable critical-value of bearing chamfer
Table 6.10 (1) Radial bearing (Except tapered roller bearing) Table 6.10 (2) Tapered roller bearings of metric series
Unit mm Unit mm
rs min® Nominal I's max OF Fis max rs min® di;\lr?]?tienra(l)fbgg%:n I's max OF Fis max
or bore diameter : . or “d" or nominal ? . ]
d Radial Axial outside diameter "D" Radial Axial
I'is min over incl. direction direction I's min over incl. direction direction
0.05 — — 0.1 0.2 — 40 0.7 1.4
0.3
0.08 — — 0.16 0.3 40 — 0.9 1.6
0.1 — — 0.2 0.4 06 — 40 1.1 1.7
0.15 — — 0.3 0.6 ' 40 — 1.3 2
0.2 — — 0.5 0.8 1 — 50 1.6 25
— 40 0.6 1 50 — 1.9 3
0.3
40 — 0.8 1 — 120 2.3 3
ol — 40 1 2 1.5 120 250 2.8 3.5
’ 40 — 1.3 2 250 — 35 4
. — 50 1.5 3 — 120 2.8 4
50 — 1.9 3 2 120 250 85 4.5
0.4l — 120 2 35 250 — 4 5
) 120 — 2.5 4 — 120 3.5 5
5 — 120 2.3 4 2.5 120 250 4 5.5
) 120 — 3 5 250 — 45 6
— 80 3 4.5 — 120 4 55
2 80 220 3.5 5 3 120 250 4.5 6.5
220 — 3.8 6 250 400 5 7
il — 280 4 6.5 400 — Bib) 7.5
] 280 — 45 7 — 120 5 7
— 100 3.8 6 4 120 250 55 7.5
2.5 100 280 4.5 6 250 400 6 8
280 — 5 7 400 — 6.5 8.5
3 — 280 5 8 . — 180 6.5 8
280 — 55 8 180 — 7.5 9
4 — — 6.5 9 5 — 180 7.5 10
5 — — 8 10 180 — 9 11
6 — — 10 13 @ These are the allowable minimum dimensions of the chamfer dimension
"r" or "r1" and are described in the dimensional table.
7.5 — — 125 17 © Inner rings shall be in accordance with the division of "d" and outer rings
95 _ _ 15 19 with that of "D".
12 — — 18 24 Note: This standard will be applied to the bearings whose dimensional series
5 (refer to the dimensional table) are specified in the standard of ISO 355
15 — — 1 30 or JIS B 1512. For further information concerning bearings outside of
19 — — 25 38 these standards or tapered roller bearings using US customary unit,

) I - - - please contact NTN Engineering.
@ These are the allowable minimum dimensions of the chamfer dimension

"r" or "r1" and are described in the dimensional table.
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Adimp[] Admp
2

=] —a fo
3 ! H
£ El
3| 3 - 3
= ° S
‘g g
8 | L s

Theoretical tapered bore ~ Tapered bore having dimensional
difference of the average bore
diameter within the flat surface

Table 6.11 (1) Tolerance of and tolerance values for tapered bore of

Table 6.10 (3) Thrust bearings radial bearings

Unit mm Standard taper ratio 1:12 tapared hole (class 0) Unity m
d Admp Adimp - Admp Vdp“ e
v o I's max OF I1s max mm
I's min OF 1 min A n A -
Radial and axial direcition over incl. |high low | high low max
10 |+ 22 0 + 15 0 9
0.05 0.1 10 18 |+ 27 0 + 18 0 11
18 30 |+ 33 0 + 21 0 13
0.08 0.16 30 50 +39 0 | +25 0 16
0.1 0.2 50 80 |+ 46 0 + 30 0 19
80 120 |+ 54 0 + 35 0 22
e 0 120 180 |+ 63 0 + 40 0 40
0.2 05 180 250 |+ 72 0 + 46 0 46
250 315 |+ 81 0 + 52 0 52
0.3 0.8
315 400 |+ 89 0 + 57 0 57
0.6 1.5 400 500 |+ 97 0 + 63 0 63
1 » 500 630 |+110 0 + 70 0 70
’ 630 800 |+125 0 + 80 0 —
11 2.7 800 1,000 |+140 0 + 90 0 —
1,000 1,250 |+165 0 +105 0 —
=D e 1,250 1,600 |+195 0 | +125 0 —
2 4 Table 6.11 (2) Tolerance of and tolerance values for tapered bore of
radial bearings
2.1 4.5 Standard taper ratio 1:30 tapered bore (class 0) Units y m
3 5.5 d Admp Adump - Admp Ve © ©
mm
4 6.5 over incl. high low high low max
5 8 50 80 +15 0 +30 0 19
80 120 +20 0 +35 0 22
6 10 120 180 +25 0 +40 0 40
75 125 180 250 +30 0 +46 0 46
250 315 +35 0 +52 0 52
9.5 15 315 400 +40 0 +57 0 57
12 18 400 500 +45 0 +63 0 63
500 630 +50 0 +70 0 70
15 21 @ Applies to all radial flat planes of inner ring tapered bore.
19 25 @ Does not apply to diameter series 7 and 8.
Note: Quantifiers

O These are the allowable minimum dimensions of the chamfer For a standard taper ratio of 1:1201 d:[J d[J Dl—l@ B
dimension "r" or "r1" and are described in the dimensional table.

For a standard taper ratio of 1:300 d:0J dJ Eé;@ B

Admp O Dimensional difference of the average bore
diameter within the flat surface at the theoretical
small end of the tapered bore.

Adaimpd Dimensional difference of the average bore
diameter within the flat surface at the theoretical
large end of the tapered bore.

Vdpd Unevenness of the bore diameter with the flat surface
B 0 Nominal width of inner ring
o [0 Half of the tapered bore’s nominal taper angle
00000000 For a standard taper ratio of 1:120 a [0 2°23'9.4"
00000000 For a standard taper ratio of 1:300 a 0 0°57'7.4"
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6.3 Bearing tolerance measurement methods

For reference, measurement methods for rolling bearing
tolerances are in JIS B 1515.

Table 6.12 shows some of the major methods of
measuring rotation tolerances.

Table 6.12 Rotation tolerance measurement methods

Characteristic tolerance Measurement method

Inner ring radial runout
(Kia)

Measuring load Measuring load

e

Radial runout of the inner ring is II
the difference between the

maximum and minimum reading

of the measuring device when

the inner ring is turned one

revolution.

Outer ring radial runout
(Kea)

Measuring load

Lr==F

Measuring load

i

Radial runout of the outer ring is
the difference between the
maximum and minimum reading
of the measuring device when
the outer ring is turned one
revolution.

Inner ring axial runout

Measuring load Measuring load

iy

Axial runout of the inner ring is
the difference between the
maximum and minimum reading

(Sia) of the measuring device when
the inner ring is turned one
© revolution.
@) @ Axial runout of the outer ring is

Outer ring axial runout
(Sea)

Measuring load

Measuring load

4l
g

=l

the difference between the
maximum and minimum reading
of the measuring device when
the outer ring is turned one
revolution.

Inner ring side
runout with bore

(Sq)

Inner ring side runout with bore
is the difference between the
maximum and minimum reading
of the measuring device when
the inner ring is turned one
revolution together with the
tapered mandrel.

Outer ring outside
surface inclination
(So)

1.2rs max

1.2rs max

Reinforcing ’
plate

Outer ring outside surface
inclination is the difference
between the maximum and
minimum reading of the measuring
device when the outside ring is
turned one revolution along the
reinforcing plate.
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7 Bearing Fits

7.1 Fitting

For rolling bearings, inner and outer rings are fixed on
the shaft or in the housing so that relative movement
does not occur between fitting surfaces during operation
or under load. This relative movement between the fitting
surfaces of the bearing and the shaft or housing can
occur in a radial direction, an axial direction, or in the
direction of rotation. Types of fitting include tight,
transition and loose fitting, which may be selected
depending on whether or not there is interference.

The most effective way to fix the fitting surfaces
between a bearing's raceway and shaft or housing is to
apply a "tight fit." The advantage of this tight fit for thin
walled bearings is that it provides uniform load support
over the entire ring circumference without any loss of load
carrying capacity. However, with a tight fit, ease of
installation and disassembly is lost; and when using a
non-separable bearing as the floating-side bearing, axial
displacement is not possible. For this reason, a tight fit
cannot be recommended in all cases.

7.2 The necessity of a proper fit

In some cases, improper fit may lead to damage and
shorten bearing life, therefore it is necessary to make a
careful investigation in selecting a proper fit. Some of the
bearing failure caused by improper fit are listed below.

® Raceway cracking, early flaking and displacement of
raceway

® Raceway and shaft or housing abrasion caused by
creeping and fretting corrosion

® Seizing caused by negative internal clearances

Table 7.1 Radial load and bearing fit

® [ncreased noise and deteriorated rotational accuracy
due to raceway groove deformation

Please refer to insert pages A-96 [1 A-99 for
information concerning diagnosis of these conditions.

7.3 Fit selection

Selection of a proper fit is dependent upon thorough
analysis of bearing operating conditions, including
consideration of:

® Shaft and housing material, wall thickness, finished

surface accuracy, etc.

® Machinery operating conditions (nature and

magnitude of load, rotational speed, temperature,
etc.)

7.3.1 "Tight fit" or "Loose fit"

(1) For raceways under rotating loads, a tight fit is
necessary. (Refer to Table 7.1) "Raceways under
rotating loads" refers to raceways receiving loads
rotating relative to their radial direction. For raceways
under static loads, on the other hand, a loose fit is
sufficient.

(Example) Rotating inner ring load = the direction of
the radial load on the inner ring is rotating
relatively

(2) For non-separable bearings, such as deep groove ball
bearings, it is generally recommended that either the
inner ring or outer ring be given a loose fit.

lllustration Bearing rotation Ring load Fit
Static
load Inner ring:
Rotating X X .
Rotating inner Inner ring :
Outer ring: i ] a
Stationary ring load Tight fit
Unbalanced )
load Inner ring: Static outer Outer ring :
Stationary . .
ring load Loose fit
Outer ring:
Rotating
Static
load Inner ring:
Stationary
Outer ring: Stgtlc inner Inner rlng :
Rotating ring load Loose fit
Unbalanced
load Inner ring: Rotating outer Outer ring :
Rotating ring load Tight fit
Outer ring:
Stationary
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7.3.2 Recommended Fits

Bearing fit is governed by the selection tolerances for
bearing shaft diameters and housing bore diameters.

Widely used fits for 0 Class tolerance bearings and
various shaft and housing bore diameter tolerances are
shown in Table 7.1.

Generally-used, standard fits for most types of bearings
and operating conditions are shown in Tables 7.2 - 7.7.

Table 7.2: Fits for radial bearings

Table 7.3: Fits for thrust bearings

Table 7.4: Fits for electric motor bearings

Table 7.6: Fits for inch series tapered roller bearings
(ANSI Class 4)

Table 7.7: Fits for inch series tapered roller bearings
(ANSI Class 3 and 0)

Table 7.5. shows fits and their numerical values.

For special fits or applications, please consult NTN
Engineering.

7.3.3 Interference minimum and maximum values
The following points should be considered when it is
necessary to calculate the interference for an application:
® |n calculating the minimum required amount of
interference keep in mind that:
1) interference is reduced by radial loads
2) interference is reduced by differences between
bearing temperature and ambient temperature
3) interference is reduced by variation of fitting
surfaces
® The upper limit value should not exceed 1/1000 of
the shaft diameter.
Required interference calculations are shown below.

(1) Radial loads and required interference
Interference of the inner ring and shaft decreases when
a radial load is applied to the bearing. The interference
required to secure effective interference is expressed by
formulae (7.1) and (7.2).
Fr O 0.3 Cor
A =0.08 (dO Fe/ B)

12

N

=0.25 (d0 F/ B)*? O kgf O Lo (7.1)
Fr 0 0.3 Cor
Aar=0.02 (F:/ B) N
=0.2 (F/B) Okgf O Lo (7.2)
Where,

A« Required effective interference according to
radial load p m

d : Bearing bore diameter mm

B : Inner ring width mm

F: : Radial load NO kgf(J

Cor : Basic static load rating NO kgfQl

(2) Temperature difference and required interference
Interference between inner rings and steel shafts is
reduced as a result of temperature increases (difference
between bearing temperature and ambient temperature,
AT) caused by bearing rotation. Calculation of the
minimum required amount of interference in such cases is

shown in formula (7.3).
Aar=0.00150 A0 AT .ovieeee e (7.3)
Aar @ Required effective interference for
temperature difference p m
AT : Difference between bearing temperature
and ambient temperature °C
d : Bearing bore diameter mm

(3) Fitting surface variation and required interference
Interference decreases because the fitting surface is I

smoothened by fitting (surface roughness is reduced).
The amount the interference decreases depends on
roughness of the fitting surface. It is generally necessary
to anticipate the following decrease in interference.

For ground shafts: 1.00 2.5y m

For lathed shafts: 5.000 7.0y m

(4) Maximum interference

When bearing rings are installed with an interference fit,
tension or compression stress may occur along their
raceways. If interference is too great, this may cause
damage to the rings and reduce bearing life. You should
try to obtain the previously described upper limit.

7.3.4 Other details
(1) Tight interference fits are recommended for,
® Operating conditions with large vibration or shock
loads
® Applications using hollow shafts or housings with
thin walls
® Applications using housings made of light alloys or
plastic
(2) Small interference fits are preferable for,
® Applications requiring high running accuracy
® Applications using small sized bearings or thin
walled bearings
(3) Consideration must also be given to the fact that fit
selection will effect internal bearing clearance
selection. (refer to page insert A-58)

Housing
G7 Ha|
JIS class 0 Gs H7|

bearing HE %
“

A0mp

Loose fit Transition fit

Tight fit

Types of fits

Transition fit Tight fit

p6
H
ks

Fig 7.1 State of fitting

JIS class 0
bearing
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(4) A particular type of fit is recommended for SL type
cylindrical roller bearings.(See page C-44.)

Table 7.2 General standards for radial bearing fits (JIS Class 0, 6X, 6)

Table 7.2 (1) Tolerance class of shafts commonly used for radial bearings (classes 0, 6X and 6)

: Cylindrical roller bearing : :
Ball bearings Tapered roller bearing Spherical roller bearing Shaft
Conditions - tolerance Remarks
Shaft diameter (mm) ks
Over Under Over \ Under \ Over Under
Cylindrical bore bearing (Classes 0, 6X and 6)
— Light load = — 18 - - - - h5 When greater accuracy is required
% or 163 %88 4_0 138 - - Jig js5, k5, and m5 may be substituted
o D ’ — — )
== fluctuating load o _ 140 200 _ _ mé6 for js6, k6, and m6.
323 :
Q5 — 18 — — — — Ujs5 Alteration of inner clearances to
% & 1(1)8 %gg E 138 E gg kS accommodate fit is not a consideration
59 | Ordinary o 140 200 100 140 65 100 mg with single-row angular contact
2D load i bearings and tapered roller bearings.
=%y Z(E 2@ %gg 42188 ﬂ)g %gg ng Therefore, k5 and m5 may be
g %’. . _ - - 280 500 ?’6 substituted for k6 and m6.
o= o
S Hea\loyr load = — 128 ;gg 1(5)8 }28 gg Use bearings with larger internal
o - - g
impact load _ _ 200 _ 140 200 6 clearances than CN clearance bearings.
Inner ring must . When greater accuracy is required use g5.
v = | move easily Overall shaft diameter g6 For large bearings, 6 will suffice for to
2z over shaft facilitate movement.
o =
© 3 | Inner does not i
2@ | have to move Overall shaft diameter h6 \r/!\a/gsir:e%rie;tsrhgccuracy =
easily over shaft ’
Center axial load Overall shaft diameter js6 Srinr? (;?lfli))/(’ezhj g: ; ?nltg?fzrrar\lr?ges
Tapered bore bearing (class 0) (with adapter or withdrawal sleeve)
(2] (2 2 )
Overall load Overall shaft diameter ho/IT5 h10/IT7 ™ will suffice for power
transmitting shafts.
Table 7.2 (2) Fit with shaft (fits for tapered bore bearings (Class 0) with adapter assembly/withdrawal sleeve)
ho /1T5®@ General applications
All loads All bearing types All shaft diameters | Tolerance —
class h1o/ IT7® | Transmission shafts, etc.

@ Standards for light loads, normal loads, and heavy loads
Light loads: equivalent radial load O 0.06 Cr
{ Normal loads: 0.06 Cr [0 equivalent radial load O 0.12 Cr
Heavy loads: 0.12 Cr [J equivalent radial load
@ IT5 and IT7 show shaft roundness tolerances, cylindricity tolerances, and related values.

Note: All values and fits listed in the above tables are for solid steel shafts.
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Table 7.2 (3) Tolerance class of housing bore commonly used for radial bearings (classes 0, 6X and 6)

Conditions )
® Toleration class Remarks
. Outer ring axial i
Housing Types ofiload direction mgvement oot e
G7 will suffice for large bearings
or bearings with large
All types of loads Able to move. H7 temperature differential between
the outer ring and housing.
Single housing Light load @
Lo or Able to move. H8 — 1
divided housing ordinary load o
. . F7 will suffice for large bearings
Outer ring Shaft and inner ) or bearings with large
static load ring become hot. Able to move easily. G7 temperature differential between
the outer ring and housing.
Requires precision As a rule, cannot move. K6 Prlilmatr)ily applies to
rotation with light Tl DA
eledpavjiea Able to move. JS6 Primarily applies to ball bearings.
Requires quiet operation. Able to move. H6 —
Light or ordinary load Able to move. JS7 If precision is required, JS6
INdeterminate - and K6 are used in place of
Single housin Ordinary load or JS7 and K7.
9 9 load heavy load @ As a rule, cannot move. K7
Large impact load Cannot move. M7 —
Light or fluctuating load Cannot move. M7 —
Outer ring Ordinary or heavy load Cannot move. N7 Primarily applies to ball bearings.
rotationalload | Heavy load or large
impact load with Cannot move. P7 Primarily applies to roller bearings.
thin housing

@ Standards for light loads, normal loads, and heavy loads
Lightloads: 0 0 0O OO equivalent radial load O 0.06 Cr
{ Normal loads: 0.06 Cr [0 equivalent radial load 0 0.12 Cr
Heavy loads: 0.12 Cr O equivalent radial load
@ Indicates whether or not outer ring axial displacement is possible with non-separable type bearings.

Note 1: All values and fits listed in the above tables are for cast iron or steel housings.
2: If only center axial load is applied to the bearing, select a tolerance class that provides clearance for the outer ring in the axial direction.
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Table 7.3 Standard fits for thrust bearings (JIS Class 0 and 6)

Table 7.3 (1) Shaft fits

. - . Shaft diameter
Bearing type Load conditions Fit mm Tolerance class
over J O incl.
All thrust bearings Centered axial load only Transition fit All sizes js6 or hé
9 Inner ring static load Transition fit All sizes js6
) 3
Spherical roller 2 | Inner ring rotating load Transition fit -8 0 200 k6 or js6
thrust bearings | & or 200 O 400 m6 or k6
8 Indeterminate load Tight fit 400 0 O n6 or mé
Table 7.3 (2) Housing fits
Bearing type Load conditions Fit To(l:tlearggce Remarks
. Select a tolerance class that will provide clearance between outer ring and housing.
Al Centered axial load only - ; -
bearings Loose fit H8 Greater accuracy required with thrust ball bearings
= : -
Spherical % Outer ring static load H7 —
roller thrust | 3" | Indeterminate o K7 Normal operating conditions
bearings | = |load or outer ring Transition fit - -
£ | rotating load M7 For relatively large radial loads

Note: All values and fits listed in the above tables are for cast iron or steel housings.

Table 7.4 Fits for electric motor bearings

Shatft fits Housing fits
Bearing type | Shaft diameter mm Housing bore
over incl. Tolerance class diameter Tolerance class

O 18 i5

R 18 0 100 k5 All sizes HG or J6
9 100 [ 160 m5
P 0 40 k5

mﬁg'gggﬁﬁ' S 40 0 160 m5 All sizes H6 or J6
9 160 0 200 n6
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Table 7.5 Numeric value table of fitting for radial bearing of O class

Table 7.5 (1) Fitting against shaft

Nominal bore | Mean bore® g5 g6 h5 h6 i5 js5 j6
diameter of diameter
bearing deviation bearing shaft | bearing shaft | bearing shaft | bearing shaft | bearing shaft | bearing shaft | bearing shaft
d A ‘ ‘ ‘ ‘
an il 1 [] [11 [T [T
mm ] N 1]
over incl. | high low II
3 6 0 -8 4TO 9L 4T0O 121 8TO 5L 8TO 8L 11TO 2L 10.5TO 2.5L 14TO 2L
6 10 0 -8 3TO 11L 3TO 14L 8TO 6L 8TO 9L 12T0O 2L 11T O 3L 15TO 2L
10 18 0 -8 270 14L 270 17L 8TO 8L 8TO 11L 13TO 3L 12T O 4L 16TO 3L
18 30 0 -10 3T0 16L 3T0 20L 10TO 9L 10TO 13L 15TO 4L 14.5T0O 4.5L 19TO 4L
30 50 0 -12 3T0 20L 3T0 25L 12T0O 11L 12T0O 16L 18TO 5L 17.5TO 5.5L 23T0O 5L
50 80 0 -15 5T0O 23L 5T0O 29L 15T0 13L 15T0O 19L 21TO 7L 21.5TO 6.5L 27T0O 7L
80 120 0 -20 8T0 27L 8TO 34L 20TO 15L 20TO 22L 26T0O 9L 27.5T0O 7.5L 33T0O 9L
120 140
140 160 0 -25 11T0O 32L 11T0O 39L 25T0 18L 25T0 25L 32T0O 11L 34T O 9L 39T0O 11L
160 180
180 200
200 225 0 -30 15T0O 35L 15TO 44L 30TO 20L 30TO 29L 37T0O 13L 40T DO 10L 46T0 13L
225 250
250 280
280 315 0 -35 18TO 40L 18TO 49L 35T0 23L 35T0 32L 42T0 16L 46.5T0 11.5L 51T0O 16L
315 355
355 400 0 -40 2270 43L 22T0O 54L 40TO 25L 40T0 36L 47T0 18L 52.5T012.5L 58T0O 18L
400 450
450 500 0 -45 25T0 47L 25T0 60L 45T0 271 45T0 40L 52T0 20L 58.5T0 13.5L 65T0 20L

@ Above table is not applicable to tapered roller bearings whose bore diameter d is 30mm or less.

Table 7.5 (2) Fitting against housing

Nominal Mean outside® G7 H6 H7 J6 J7 Js7 K6
outside diameter
diameter of deviation housing bearing | housing bearing | housing bearing | housing bearing | housing bearing | housing bearing | housing bearing
bearing
P £ [ [ T 1 [ [ -
mm _ T _L1 [T [] __ [T __ 1
over incl. high  low
6 10 0 -8 5L0 28L o0 17L o0 23L 4T0O 13L 7T0O 16L 7.5T0O 15.5L 7TO 10L
10 18 0 -8 6L0O 32L o0 19L 00 26L 5TO 14L 8TO 18L 9T O17L 9TO 10L
18 30 0 -9 7L0 37L o0 22L o0 30L 5TO 17L 9TO 21L 10.5T0 19.5L 11TO 11L
30 50 0 -11 oLO 45L o0 27L o0 36L 6TO 21L 1170 25L 12.5T0 23.5L 13TO 14L
50 80 0 -13 10L0 53L 00 32L 00 43L 6TO 26L 1270 31L 15T 0O 28L 15TO 17L
80 120 0 =15 1210 62L o0 37L o0 50L 6TO 31L 13T0O 37L 17.5T0 32.5L 18TO 19L
120 150 0 -18 14L0 72L 00 43L o0 58L 7TO 36L 14T0O 44L 20T 0O 38L 21TO 22L
150 180 0 -25 14L0 79L 00 50L 000 65L 7TO 43L 14T0O 51L 20T [O45L 21TO 29L
180 250 0 -30 15L0 91L 00 59L o0 76L 7TO 52L 16T 60L 23T [O53L 24T0 35L
250 315 0 -35 17L0 104L o0 67L o0 87L 7TO 60L 16TO 71L 26T 0O61L 27T0O 40L
315 400 0 -40 18L0 115L o0 76L o0 97L 7TO 69L 18TO 79L 28.5T0 68.5L 29T0O 47L
400 500 0 -45 20L0O 128L 00 85L 00 108L 7TO 78L 20TO 88L 31.5T0O 76.5L 32T0 53L

@ Above table is not applicable to tapered roller bearings whose outside diameter D is 150mm or less.
Note: Fitting symbol "L" indicates clearance and "T" indicates interference.
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Unity m
js6 k5 k6 m5 mé n6 p6 r6 Nominal bore
diameter of
bearing shaft | bearing shaft bearing shaft bearing shaft | bearing shaft bearing shaft | bearing shaft bearing shaft bearing
I — [1 [ [T] [T] [T] [T] [T ]
[T [T [T [] [] [T mm
over incl.
12T O 4L 14T0O 1T 17TO 1T 17T0O 4T 20TO 4T 2470 8T 28T0O 12T O | 3 6
12.5T0 4.5L 15TO 1T 18TO 1T 20TO 6T 23TO 6T 27T0O 10T 32T0O 15T O | 6 10
13.5T0 5.5L 17TO 1T 20TO 1T 2310 7T 26T0 7T 31TO 12T 37TO 18T O O 10 18
16.5T0 6.5L 21T0O 2T 25T0O 2T 27TO 8T 31TO 8T 38TO 15T 45T0 22T O 0 18 30
20T O 8L 25T0 2T 30TO 2T 3210 9T 37T0O 9T A5TO 17T 54T0O 26T O | 30 50
24.5T00 9.5L 30TO 2T 36T0 2T 39TO 11T 45T0 11T 5470 20T 66T0O 32T O | 50 80
31T 0O11L 38T0 3T 45T0 2T 48T0 13T 55T0 13T 65T0 23T 79T0O 37T O | 80 120
113T0 63T 120 140
37.5T0 12.5L 46T0O 3T 53T0O 3T 58T0O 15T 65T0O 15T 7TO 27T 93TO 43T 115T0 65T 140 160
118TO 68T 160 180
136T0 77T 180 200
44.5T0 14.5L 54710 4T 63T0O 4T 67T0O 17T 76TO 17T 90TO 31T 109TO 50T 139T0 80T 200 225
143T0 84T 225 250
51T 0O 16L 62T0 4T 71TO 4T 78TO 20T 87T0 20T 101TO 34T 123TO 56T 16170 94T 250 280
165T0O 98T 280 315
58T [018L 69T0 4T 80TO 4T 86T0 21T 97TO 21T 113T0O 37T 138TO 62T 18470 108T 815 355
190T0O 114T 355 400
65T [0 20L 77TO 5T 90TO 4T 95T0 23T 108TO 23T 125T0O 40T 153T0O 68T 21170 126T 400 450
217T0O132T 450 500
Unity m
K7 M7 N7 p7 Nominal
outside
housing bearing | housing bearing | housing bearing | housing bearing diameter of
bearing
T T [ [ D
[T I [T [ ] mm
over incl.
10TO 13L 15TO 8L 19TO 4L 24T0 1T 6 10
12T0O 14L 18T 8L 2310 3L 29T0 3T 10 18
15T0O 15L 21TO 9L 28TO 2L 35T0 5T 18 30
18T0O 18L 25T0 11L 33T0 3L 4270 6T 30 50
2170 22L 30TO 13L 3970 4L 51TO 8T 50 80
25T0 25L 35T0 15L 45T0 5L 59T0O 9T 80 120
28T0 30L 40T0 18L 52T0O 6L 68T0 10T 120 150
28T0O 37L 40T0O 25L 52T0 13L 68T0 3T 150 180
33TO 43L 46T0 30L 60TO 16L 79T0O 3T 180 250
36T0 51L 5270 35L 66T0 21L 88T 1T 250 315
40TO 57L 57T0 40L 73T0 24L 98T 1T 315 400
45T0 63L 63TO 45L 80TO 28L 108TO O 400 500
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Table 7.6 General fitting standards for tapered roller bearings using US customary unit (ANSI class 4)

Table 7.6 (1) Fit with shaft

Unity m
Nominal bearing Bore diameter Shaft diameter N
: N bore diameter tolerance tolerance Fitting
Operating conditions d mm Ade Remark
over incl. high low high low max min
= 0 762 +13 0 +38 +25 38T O 12T | appiicable when
3 N 76.2 O 304.8 +25 0 + 64 + 38 64T O 13T | slight impact
- | Gyl 304.8 O 609.6 +51 0 +127 + 76 127T O 25T | load is applied II
3 609.6 0 914.4 +76 0 | +190 +114 | 1007 O 38T |aswell
g». O 76.2 +13 0 + 64 + 38 38T O 12T
3 |Heavy load 76.2 0 304.8 +25 0 0.5 y m mean interference per 1 mm of inner ring bore
S |Impact load 304.8 O 609.6 +51 0 diameter. Minimum interference is 25 p m. Tolerance for the
2 609.6 O 914.4 +76 0 shaft is adjusted to match tolerance of bearing bore diameter.
o |Inner ring does O 76.2 +13 0 + 13 0 13T O 13L
§ |nothaveto 76.2 0 304.8 +25 0 + 25 0 25T O 25L
= | move easily
5 |over shaftwith | 3048 O 609.6 +51 0 + 51 0 51T O 51L | Nt applicable
3 ordinary load. 609.6 O 914.4 +76 0 + 76 0 76T O 76L |when impact
£ | inner ring must 0 762 +13 0 0 -13 0 O 13L |loadis applied.
3 |Mmove easily_ 76.2 00 304.8 +25 0 0 -25 0 O 50L
5 o shaft with 304.8 O 609.6 +51 0 0 -51 0 O 102L
2 | erelirery Joeel 609.6 O 914.4 +76 0 0 -76 0 O 152L
Table 7.6 (2) Fit with housing Unity m
Nominal bearing Outer diameter _Housing bore Fitting“
Operating conditions outer diameter tolerance diameter tolerance Types of fit
D mm Abs
over incl. high low high low max min
g 76.2 +25 0 +76 + 51 26L O 76L
When used on 76.2 0 127.0 +25 0 + 76 + 51 26L O 76L
floating- or 127.0 O 304.8 +25 0 +76 + 51 26L O 76L | loose fit
_ |fixed side 304.8 0 609.6 +51 0 +152  +102 51L O 152L
(gD 609.6 00 914.4 +76 0 +229 +152 76L O 229L
g. o 762 +25 0 + 25 0 25T O 25L
«Q V_Vhe_n outer 76.2 O 127.0 +25 0 + 25 0 25T O 25L
g ri'rr]‘%)'(sia"’l‘dlusmd 127.0 O 304.8 +25 0 + 51 0 25T O 51L | transition fit
§- direction 304.8 0 609.6 +51 0 +76 + 26 25T O 76L
[ 609.6 O 914.4 +76 0 +127 + 51 25T O 127L
;?_, g 76.2 +25 0 -13 - 38 63T O 13T
= V_Vhe_n ouier 76.2 0 127.0 +25 0 -25 -51 76T O 25T
ring is no
adjusted in 127.0 0 304.8 +25 0 -25 -51 76T O 25T
axial direction 304.8 00 609.6 +51 0 -25 - 76 127T O 25T
609.6 00 914.4 +76 0 - 25 -102 178T O 25T tight fit
I I
3 0 76.2 +25 0 -13 - 38 63T O 13T ¢
89 mgeirs‘ ?&er 76.2 0 127.0 +25 0 -25 -51 76T O 25T
o'
g_);. adjusted in 127.0 O 304.8 +25 0 -25 -51 76T O 25T
Sa |axial direction 304.8 O 609.6 +51 0 -25 -76 127T O 25T
8 609.6 0 914.4 +76 0 - 25  -102 178T O 25T
@ Fitting symbol "L" indicates clearance and "T" indicates interference.
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Table 7.7 General fitting standards for tapered roller bearings using US customary unit (ANSI classes 3 and 0)

Table 7. (1) Fit with shaft

NTN

Unity m
Nominal bearing Bore diameter Shaft diameter . @
: » bore diameter tolerance tolerance Fitting
Operating conditions d mm Ads
over incl. high low high low max min
S | Precision O 304.8 +13 0 +30 + 18 30T O 5T
® me_lchine tool 304.8 O 609.6 +25 0 + 64 + 38 64T O 13T
& | spindles 609.6 0 914.4 +38 0 +102 + 64 1027 O 26T
é’_ Heavy load - ke e Y . . .
S Impact load 76.2 O 304.8 +13 0 Minimum interference is 0.25 y m per
2 | High-speed 304.8 O 609.6 +25 0 inner ring bore diameter.
S | rotation
= 609.6 0 914.4 +38 0
3
& 2| Precision O 304.8 +13 0 + 13 0 30T O 5T
g!_,g m:_achine tool 304.8 0 609.6 +25 0 + 25 0 64T O 13T
g | ol 609.6 0 914.4 +38 0 | +102 0 | 1027 O 26T
o
Note: For class 0, bearing bore diameter d applies to 241.3 mm or less.
Table 7.7 (2) Fit with housing Unity m
Nominal bearing Outer diameter _Housing bore Fitting O
Operating conditions outer diameter tolerance diameter tolerance Type of fit
D mm Abs
over incl. high low high low max min
0 1524 +13 0 +38 + 25 12L O 38L
When used for 152.4 0 304.8 +13 0 +38 + 25 12L O 38L
floating-side 304.8 0 609.6 +25 0 + 64 + 38 13L O 64L
609.6 0 9144 +38 0 +89 + 51 13L O 89L .
_ loose fit
3 0 1524 +13 0 +25 + 13 00O 25L
Y When used for 152.4 0 304.8 +13 0 +25 + 13 00O 25L
é' fixed side 304.8 0 609.6 +25 0 +51 +25 00 51L
3 609.6 0 914.4 +38 0 + 76 + 38 00O 76L
g 0 1524 +13 0 + 13 0 13T O 13L
§ m&egggﬁ;te g 152.4 0 304.8 +13 0 + 13 0 18T O 18L | o vion fit
S |in axial direction 304.8 0 609.6 +13 0 + 25 0 25T O 25L
8 609.6 0 914.4 +38 0 + 38 0 38T O 38L
When outer 0 1524 +13 0 0 -13 26T O 0
ring is not 152.4 0 304.8 +13 0 0 -25 38T O 0
adjusted in 304.8 0 609.6 +25 0 0 -25 50T O 0
axial direction | R +38 0 o -38 610 0 | e
S o |ordinary load 0 152.4 +13 0 -13 - 25 38T O 13T
S & |When outer ring 152.4 0 304.8 +13 0 -13 - 38 51T O 13T
% =S not adjusted 304.8 0 609.6 +25 0 -13 - 38 63T O 13T
£ |inaxial direction [ESESGIENRNG14% +38 0 -13 - 51 89T O 13T
@ Fitting symbol "L" indicates clearance and "T" indicates interference.
Note: For class 0, bearing outer diameter D applies to 304.8 mm or less.
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8.

8.1 Bearing internal clearance

Bearing internal clearance is the amount of internal free
movement before mounting.

As shown in Fig. 8.1, when either the inner ring or the
outer ring is fixed and the other ring is free to move,
displacement can take place in either an axial or radial
direction. This amount of displacement (radially or axially)
is termed the internal clearance and, depending on the
direction, is called the radial internal clearance or the
axial internal clearance.

When the internal clearance of a bearing is measured, a
slight measurement load is applied to the raceway so the
internal clearance may be measured accurately.

However, at this time, a slight amount of elastic
deformation of the bearing occurs under the measurement
load, and the clearance measurement value (measured
clearance) is slightly larger than the true clearance. This
difference between the true bearing clearance and the
increased amount due to the elastic deformation must be
compensated for. These compensation values are given in
Table 8.1. For roller bearings the amount of elastic
deformation can be ignored.

The internal clearance values for each bearing class are
shown in Tables 8.3 through 8.11.

8.2 Internal clearance selection

The internal clearance of a bearing under operating
conditions (effective clearance) is usually smaller than the
same bearing's initial clearance before being installed and
operated. This is due to several factors including bearing
fit, the difference in temperature between the inner and
outer rings, etc. As a bearing's operating clearance has
an effect on bearing life, heat generation, vibration, noise,
etc.; care must be taken in selecting the most suitable
operating clearance.

"
7:$ 5

01 —

Radial clearance =6 Axial clearance =0 119 »

Fig. 8.1 Internal clearance
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8.2.1 Criteria for selecting bearing internal clearance
A bearing's life is theoretically maximum when
operating clearance is slightly negative at steady
operation. In reality it is however difficult to constantly
maintain this optimal condition. If the negative clearance
becomes enlarged by fluctuating operating conditions,
heat will be produced and life will decrease dramatically.
Under ordinary circumstances you should therefore

select an initial internal clearance where the operating

clearance is slightly larger than zero. 11
For ordinary operating conditions, use fitting for
ordinary loads. If rotational speed and operating
temperature are ordinary, selecting normal clearance
enables you to obtain the proper operating clearance.
Table 8.2 gives examples applying internal clearances
other than CN (normal) clearance.
8.2.2 Calculation of operating clearance
Operating clearance of a bearing can be calculated
from initial bearing internal clearance and decrease in
internal clearance due to interference and decrease in
internal clearance due to difference in temperature of the
inner and outer rings.
0ef 0O o0Od O tO i, 08.10
where,
O eff : Effective internal clearance, mm
d o : Bearing internal clearance, mm
o ¢ : Reduced amount of clearance due to
Table 8.1 Adjustment of radial internal clearance based on
measured load (deep groove ball bearing) Unity m
Nomma(liBore Diameter Measuring Load | Internal clearance adjustmer
mm
over incl. N kgf C2 CN C3 C4 C5
109 18 | 245 0250|304 | 4 |4 | 4| 4
18 50 49 Os50 | 405 5 6 | 6|6
50 200 | 147 0150 | eO8 | 8 919 |9
@ This diameter is included in the group.
Table 8.2 Examples of applications where bearing clearances
other than CN (normal) clearance are used
Operating conditions Applications Selected clearance
With heavy or shock Railway vehicle axles C3
load, clearance is large. |vipration screens c30oc4
. . Railway vehicle traction
With indeterminate load, | motors c4
both inner and outer
rings are tight-fitted. Tractors and final speed ca
regulators
Paper making machines
Shaft or inner ring is and driers caes
heated.
Rolling mill table rollers C3
Reduction of noise and .
vibration when rotating. | Micromotors c20cMm
Adjustment of clearance |Main spindles of lathes CONAD
to minimize shaft runout. E,Zgﬂﬁ';;ow eytindricalroller | = oA
Loose fitting for both Compressor roll neck c2

inner and outer rings.
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interference, mm

: Reduced amount of clearance due to
temperature differential of inner and outer
rings, mm

Ot

(1) Reduced clearance due to interference

When bearings are installed with interference fits on
shafts and in housings, the inner ring will expand and the
outer ring will contract; thus reducing the bearings'
internal clearance. The amount of expansion or
contraction varies depending on the shape of the
bearing, the shape of the shaft or housing, dimensions of
the respective parts, and the type of materials used. The
differential can range from approximately 70% to 90% of
the effective interference.

0 0 (0.7000 0.90) Adeff ....uvevvvnenariaannanns (8.2)
where,
0 t : Reduced amount of clearance due to

interference, mm
Adeft : Effective interference, mm

NTN

shaft is connected to a heat source, or a heated
substance is conducted through the hollow shaft; the
temperature difference between the two rings can be
even greater. The amount of internal clearance is thus
further reduced by the differential expansion of the
two rings.

S t00 OATO Do weeeeeeeeciieee e (8.3)
where,

d ¢ : Amount of reduced clearance due to heat
differential, mm

o : Bearing material expansion coefficient
12.5x 10°°C

AT : Inner/outer ring temperature differential, [

Do : Outer ring raceway diameter, mm

Outer ring raceway diameter, Do, values can be
approximated by using formula (8.4) or (8.5).

For ball bearings and spherical roller bearings,
Do 0 0.20 (d U 4.0D) (8.4)
For roller bearings (except Spherical roller bearing),

(2) Reduced internal clearance due to inner/outer ring Do 0.25(d 0 3.0D) cevvvvvieiiiieeeneenn (8.5)
temperature difference. where,
During operation, normally the outer ring will range d : Bearing bore diameter, mm
from 5 to 10°C cooler than the inner ring or rotating parts. D : Bearing outside diameter, mm
However, if the cooling effect of the housing is large, the
Table 8.3 Radial internal clearance of deep groove ball bearings Unity m
Nominal bore diameter Cc2 CN Cc3 C4 C5
dd mm
over incl. min max min max min max min max min max
—0 25 0 6 4 11 10 20 —0 —0 —0 —0
25 6 0 7 2 13 8 23 —0O —0O —0 —0
6 10 0 7 2 13 8 23 14 29 20 37
10 18 0 9 3 18 11 25 18 33 25 45
18 24 0 10 5 20 13 28 20 36 28 48
24 30 1 11 5 20 13 28 23 41 30 53
30 40 1 11 6 20 15 33 28 46 40 64
40 50 1 11 6 23 18 36 30 51 45 73
50 65 1 15 8 28 23 43 38 61 55 90
65 80 1 15 10 30 25 51 46 71 65 105
80 100 1 18 12 36 30 58 53 84 75 120
100 120 2 20 15 41 36 66 61 97 90 140
120 140 2 23 18 48 41 81 71 114 105 160
140 160 2 23 18 53 46 91 81 130 120 180
160 180 2 25 20 61 53 102 91 147 135 200
180 200 2 30 25 71 63 117 107 163 150 230
200 225 2 35 25 85 75 140 125 195 175 265
225 250 2 40 30 95 85 160 145 225 205 300
250 280 2 45 35 105 90 170 155 245 225 340
280 315 2 55 40 115 100 190 175 270 245 370
315 355 3 60 45 125 110 210 195 300 275 410
355 400 3 70 55 145 130 240 225 340 315 460
400 450 3 80 60 170 150 270 250 380 350 510
450 500 3 90 70 190 170 300 280 420 390 570
500 560 10 100 80 210 190 330 310 470 440 630
560 630 10 110 90 230 210 360 340 520 490 690

A-59




e Bearing Internal Clearance and Preload

NTN

Table 8.4 Radial internal clearance of self-aligning ball bearings

Nominal bore diameter Bearing with cylindrical bore
dZmm L7 C2 CN 27 C3 L7 CA 27 C5
over incl. min max min max min max min max min max
25 6 1 8 5 15 10 20 15 25 21 33
6 10 2 9 6 17 12 25 19 33 27 42
10 14 2 10 6 19 13 26 21 35 30 48
14 18 3 12 8 21 15 28 23 37 32 50
18 24 4 14 10 23 17 30 25 39 34 2 ]I
24 30 5 16 11 24 19 35 29 46 40 58
30 40 6 18 13 29 23 40 34 53 46 66
40 50 6 19 14 31 25 44 37 57 50 71
50 65 7 21 16 36 30 50 45 69 62 88
65 80 8 24 18 40 35 60 54 83 76 108
80 100 9 27 22 48 42 70 64 96 89 124
100 120 10 31 25 56 50 83 75 114 105 145
120 140 10 38 30 68 60 100 90 135 125 175
140 160 15 44 35 80 70 120 110 161 150 210
Table 8.5 (1) Radial internal clearance for duplex angular contact Table 8.5 (2) Radial internal clearance of self-aligning ball bearings
ball bearings Unity m Unity m
Nominal bore Nominal bore
diameter C1 Cc2 CN C3 C4 diameter c2 CN Cc3 c4 C5
d mm : : : ) : d mm : : ) : .
. min max | min max | min max | min max | min max . min max | min max | min max | min max | min max
over incl. over incl.
— 10| 3 8 6 12 8 15 15 22| 22 30 10 only 0 10 5 15 10 21 16 28 24 36
10 18| 3 8 6 12 8 15 15 24| 30 40 10 18| 1 11 6 16 12 23 19 31 28 40
18 30| 3 10 6 12 10 20 | 20 32 | 40 55 18 24| 1 11 6 16 13 24 | 21 33| 31 43
30 50| 3 10 8 14 14 25 25 40 | 55 75 24 30| 1 13 6 19 13 26 21 35 31 45
50 80| 3 11 | 11 17 17 32 32 50| 75 95 30 40| 2 15 7 22 15 30 24 39| 35 50
80 100 | 3 13 | 13 22 22 40 40 60 | 95 120 40 50| 2 15 9 24 17 32 28 45| 40 57
100 120 3 15 | 15 30 30 50 50 75 |110 140 50 65| 0 15 7 24 16 33 28 48 | 41 61
120 150 | 3 16 | 16 33 35 55 55 80 | 130 170 65 80| 1 17 | 11 31 21 42 34 56 50 74
150 180 | 3 18 | 18 35 35 60 60 90 | 150 200 80 100| 3 20 | 13 36 25 49 40 65 58 67
180 200 | 3 20 | 20 40 40 65 65 100 | 180 240

Note: The clearance group in the table is applied only to contact angles in the table below. Lo i .
Table 8.6 Radial internal clearance of bearings for electric motor

Unity m
Contact angle | Nominal contact f (2] .
symbol angle Applicable clearance group Nominal bore Radial internal clearance CM
C 15° cioc2 diameter
Ao 30° 0 c20CNO C3 00 ddmm Deep groove ball bearings | Cylindrical roller bearings
B 20° O CNO C30 C4 over incl. min max min max
@ Not indicated for bearing number. 10 (incl 18 4 11 — —
@ For information concerning clearance other than applicable 18 24 5 12 — —
clearance, please contact NTN Engineering. 24 30 5 12 15 30
30 40 9 17 15 30
40 50 9 17 20 35
50 65 12 22 25 40
65 80 12 22 30 45
80 100 18 30 35 55
100 120 18 30 35 60
120 140 24 38 40 65
140 160 24 38 50 80
160 180 — — 60 90
180 200 — — 65 100

Note 1: Suffix CM is added to bearing numbers.
Example: 6205ZZCM
2: Clearance not interchangeable for cylindrical roller bearings.
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Unity m
Bearing with tapered bore Nominal bore diameter
oo c2 CN oo c3 oo c4 0o c5 dd mm0O
min max min max min max min max min max over incl.
— — — — — — — — — — 25 6
— — — — — — — — — — 6 10
— — — — — — — — — — 10 14
— — — — — — — — — — 14 18
7 17 13 26 20 33 28 42 37 55 18 24
9 20 15 28 23 39 33 50 44 62 24 30
12 24 19 35 29 46 40 59 52 72 30 40
14 27 22 39 33 52 45 65 58 79 40 50
18 32 27 a7 41 61 56 80 73 99 50 65
23 39 35 57 50 75 69 98 91 123 65 80
29 a7 42 68 62 90 84 116 109 144 80 100
35 56 50 81 75 108 100 139 130 170 100 120
40 68 60 98 90 130 120 165 155 205 120 140
45 74 65 110 100 150 140 191 180 240 140 160
Table 8.7 Interchangeable radial internal clearance for cylindrical roller bearing (cylindrical bore) Unity m
Nominal bore diameter c2 CN c3 c4 c5
dd mm
over incl. min max min max min max min max min max
—0 10 0 25 20 45 35 60 50 75 —0 —0
10 24 0 25 20 45 35 60 50 75 65 90
24 30 0 25 20 45 35 60 50 75 70 95
30 40 5 30 25 50 45 70 60 85 80 105
40 50 5 35 30 60 50 80 70 100 95 125
50 65 10 40 40 70 60 90 80 110 110 140
65 80 10 45 40 75 65 100 90 125 130 165
80 100 15 50 50 85 75 110 105 140 155 190
100 120 15 55 50 90 85 125 125 165 180 220
120 140 15 60 60 105 100 145 145 190 200 245
140 160 20 70 70 120 115 165 165 215 225 275
160 180 25 75 75 125 120 170 170 220 250 300
180 200 35 90 90 145 140 195 195 250 275 330
200 225 45 105 105 165 160 220 220 280 305 365
225 250 45 110 110 175 170 235 235 300 330 395
250 280 55 125 125 195 190 260 260 330 370 440
280 315 55 130 130 205 200 275 275 350 410 485
315 355 65 145 145 225 225 305 305 385 455 535
355 400 100 190 190 280 280 370 370 460 510 600
400 450 110 210 210 310 310 410 410 510 565 665
450 500 110 220 220 330 330 440 440 550 625 735
A-61
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Table 8.8 Non-interchangeable radial internal clearance for cylindrical roller bearing

Nominal bore Bearing with cylindrical bore
diameter
00 dimm 00O CINA 0O C2NA OO0 NA® 0O C3NA 0O C4ANA OO C5NA
over incl. min max min max min max min max min max min max
— 10 5 10 10 20 20 30 35 45 45 55 — —
10 18 5 10 10 20 20 30 35 45 45 55 65 75
18 24 5 10 10 20 20 30 35 45 45 55 65 75
24 30 5 10 10 25 25 35 40 50 50 60 70 80
30 40 5 12 12 25 25 40 45 55 55 70 80 95 II
40 50 5 15 15 30 30 45 50 65 65 80 95 110
50 65 5 15 15 35 35 50 55 75 75 90 110 130
65 80 10 20 20 40 40 60 70 90 90 110 130 150
80 100 10 25 25 45 45 70 80 105 105 125 155 180
100 120 10 25 25 50 50 80 95 120 120 145 180 205
120 140 15 30 30 60 60 90 105 135 135 160 200 230
140 160 15 35 35 65 65 100 115 150 150 180 225 260
160 180 15 35 35 75 75 110 125 165 165 200 250 285
180 200 20 40 40 80 80 120 140 180 180 220 275 315
200 225 20 45 45 90 90 135 155 200 200 240 305 350
225 250 25 50 50 100 100 150 170 215 215 265 330 380
250 280 25 55 55 110 110 165 185 240 240 295 370 420
280 315 30 60 60 120 120 180 205 265 265 325 410 470
315 355 30 65 65 135 135 200 225 295 295 360 455 520
355 400 35 75 75 150 150 225 255 330 330 405 510 585
400 450 45 85 85 170 170 255 285 370 370 455 565 650
450 500 50 95 95 190 190 285 315 410 410 505 625 720

@ For bearings with normal clearance, only NA is added to bearing numbers. Ex. NU310NA

Table 8.9 Axial internal clearance for double row and duplex tapered roller bearings (metric series)

Nominal bore Contact angled 0 27° (e O 0.76)
diameter
00 dOmm gog c2 CN gog cs3 oood c4
over incl. min max min max min max min max
18 24 25 75 75 125 125 170 170 220
24 30 25 75 75 125 145 195 195 245
30 40 25 95 95 165 165 235 210 280
40 50 20 85 85 150 175 240 240 305
50 65 20 85 110 175 195 260 280 350
65 80 20 110 130 220 240 325 325 410
80 100 45 150 150 260 280 390 390 500
100 120 45 175 175 305 350 480 455 585
120 140 45 175 175 305 390 520 500 630
140 160 60 200 200 340 400 540 520 660
160 180 80 220 240 380 440 580 600 740
180 200 100 260 260 420 500 660 660 820
200 225 120 300 300 480 560 740 720 900
225 250 160 360 360 560 620 820 820 1,020
250 280 180 400 400 620 700 920 920 1,140
280 315 200 440 440 680 780 1,020 1,020 1,260
315 355 220 480 500 760 860 1,120 1,120 1,380
355 400 260 560 560 860 980 1,280 1,280 1,580
400 500 300 600 620 920 1,100 1,400 1,440 1,740

Notel: This table applies to bearings contained in the catalog. For information concerning other bearings or bearings using US customary unit, please contact NTN Engineering.
2: The correlation of axial internal clearance (Aa) and radial internal clearance (Ar) is expressed as Ar = 0.667 0 el Aa.
e: Constant (see dimensions table)
3: Bearing series 329X, 330, 322C and 323Cdo not apply to the table.
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Unity m
Bearing with tapered bore Nominal bore
diameter
00O CONA® OO CONA® 00 CINA 00 C2NA OO NA® 00O C3NA 00 dO0mm
min max min max min max min max min max min max over incl.
5 5 7 17 10 20 20 30 35 45 45 55 — 10
5 10 7 17 10 20 20 30 35 45 45 55 10 18
5 10 7 17 10 20 20 30 35 45 45 55 18 24
5 10 10 20 10 25 25 35 40 50 50 60 24 30
5 12 10 20 12 25 25 40 45 55 55 70 30 40
5 15 10 20 15 30 30 45 50 65 65 80 40 50
5 15 10 20 15 35 35 50 55 75 75 90 50 65
10 20 15 30 20 40 40 60 70 90 90 110 65 80
10 25 20 85} 25 45 45 70 80 105 105 125 80 100
10 25 20 35 25 50 50 80 95 120 120 145 100 120
15 30 25 40 30 60 60 90 105 135 135 160 120 140
15 35 30 45 35 65 65 100 115 150 150 180 140 160
15 35 30 45 35 75 75 110 125 165 165 200 160 180
20 40 30 50 40 80 80 120 140 180 180 220 180 200
20 45 35 55 45 90 90 135 155 200 200 240 200 225
25 50 40 65 50 100 100 150 170 215 215 265 225 250
25 55 40 65 55 110 110 165 185 240 240 295 250 280
30 60 45 75 60 120 120 180 205 265 265 325 280 315
30 65 45 75 65 135 135 200 225 295 295 360 315 355
35 75 50 90 75 150 150 225 255 330 330 405 355 400
45 85 60 100 85 170 170 255 285 370 370 455 400 450
50 95 70 115 95 190 190 285 315 410 410 505 450 0500
@ CINA, CONA and C1NA are applied only to precision bearings of Class 5 and higher.
Unity m
Contact angled O 27° (e O 0.76) Nominal bore diameter
goo c2 CN goo cs3 ooo c4 OO0 dOmm
min max min max min max min max over incl.
10 30 30 50 50 70 70 90 18 24
10 30 30 50 60 80 80 100 24 30
10 40 40 70 70 100 90 120 30 40
10 40 40 70 80 110 110 140 40 50
10 40 50 80 90 120 130 160 50 65
10 50 60 100 110 150 150 190 65 80
20 70 70 120 130 180 180 230 80 100
20 70 70 120 150 200 210 260 100 120
20 70 70 120 160 210 210 260 120 140
30 100 100 160 180 240 240 300 140 160
— — — — — — — — 160 180
— — — — — — — — 180 200
— — — — — — — — 200 225
— — — — — — — — 225 250
— — — — — — — — 250 280
— — — — — — — — 280 315
— — — — — — — — 315 355
— — — — — — — — 355 400
— — — — — — — — 400 500
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Table 8.10 Radial internal clearance of spherical roller bearings

Nominal bore diameter Bearing with cylindrical bore
£7dZmm L7 C2 CN 27 C3 L7 Ch 27 C5
over incl. min max min max min max min max min max
14 18 10 20 20 35 35 45 45 60 60 75
18 24 10 20 20 35 35 45 45 60 60 75
24 30 15 25 25 40 40 55 55 75 75 95
30 40 15 30 30 45 45 60 60 80 80 100
40 50 20 35 35 55 55 75 75 100 100 125 I
50 65 20 40 40 65 65 90 90 120 120 150
65 80 30 50 50 80 80 110 110 145 145 180
80 100 35 60 60 100 100 135 135 180 180 225
100 120 40 75 75 120 120 160 160 210 210 260
120 140 50 95 95 145 145 190 190 240 240 300
140 160 60 110 110 170 170 220 220 280 280 350
160 180 65 120 120 180 180 240 240 310 310 390
180 200 70 130 130 200 200 260 260 340 340 430
200 225 80 140 140 220 220 290 290 380 380 470
225 250 90 150 150 240 240 320 320 420 420 520
250 280 100 170 170 260 260 350 350 460 460 570
280 315 110 190 190 280 280 370 370 500 500 630
315 355 120 200 200 310 310 410 410 550 550 690
355 400 130 220 220 340 340 450 450 600 600 750
400 450 140 240 240 370 370 500 500 660 660 820
450 500 140 260 260 410 410 550 550 720 720 900
500 560 150 280 280 440 440 600 600 780 780 1,000
560 630 170 310 310 480 480 650 650 850 850 1,100
630 710 190 350 350 530 530 700 700 920 920 1,190
710 800 210 390 390 580 580 770 770 1,010 1,010 1,300
800 900 230 430 430 650 650 860 860 1,120 1,120 1,440
900 1,000 260 480 480 710 710 930 930 1,220 1,220 1,570
1,000 1,120 290 530 530 780 780 1,020 1,020 1,330 1,330 1,720
1,120 1,250 320 580 580 860 860 1,120 1,120 1,460 1,460 1,870
1,250 1,400 350 640 640 950 950 1,240 1,240 1,620 1,620 2,080

Table 8.11 Axial internal clearance of four points contact ball bearings

Unitpy m
Relslbeisid el 707 C2 /77 CN 707 C3 707 Ch
27 dZmm
over incl. min max min max min max min max
17 40 26 66 56 106 96 146 136 186
40 60 36 86 76 126 116 166 156 206
60 80 46 96 86 136 126 176 166 226
80 100 56 106 96 156 136 196 186 246
100 140 66 126 116 176 156 216 206 266
140 180 76 156 136 196 176 236 226 296
180 220 96 176 156 216 196 256 246 316
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Unity m
Bearing with tapered bore Nominal bore diameter
oo c2 CN 0o c3 oo c4 0o c5 0 ddmm
min max min max min max min max min max over incl.
= — — = — — = = — — 14 18
15 25 25 35 35 45 45 60 60 75 18 24
20 30 30 40 40 55 55 75 75 95 24 30
25 35 35 50 50 65 65 85 85 105 30 40
30 45 45 60 60 80 80 100 100 130 40 50
40 55 55 75 75 95 95 120 120 160 50 65
50 70 70 95 95 120 120 150 150 200 65 80
55 80 80 110 110 140 140 180 180 230 80 100
65 100 100 135 135 170 170 220 220 280 100 120
80 120 120 160 160 200 200 260 260 330 120 140
90 130 130 180 180 230 230 300 300 380 140 160
100 140 140 200 200 260 260 340 340 430 160 180
110 160 160 220 220 290 290 370 370 470 180 200
120 180 180 250 250 320 320 410 410 520 200 225
140 200 200 270 270 350 350 450 450 570 225 250
150 220 220 300 300 390 390 490 490 620 250 280
170 240 240 330 330 430 430 540 540 680 280 315
190 270 270 360 360 470 470 590 590 740 315 355
210 300 300 400 400 520 520 650 650 820 355 400
230 330 330 440 440 570 570 720 720 910 400 450
260 370 370 490 490 630 630 790 790 1,000 450 500
290 410 410 540 540 680 680 870 870 1,100 500 560
320 460 460 600 600 760 760 980 980 1,230 560 630
350 510 510 670 670 850 850 1,090 1,090 1,360 630 710
390 570 570 750 750 960 960 1,220 1,220 1,500 710 800
440 640 640 840 840 1,070 1,070 1,370 1,370 1,690 800 900
490 710 710 930 930 1,190 1,190 1,520 1,520 1,860 900 1,000
530 770 770 1,030 1,030 1,300 1,300 1,670 1,670 2,050 1,000 1,120
570 830 830 1,120 1,120 1,420 1,420 1,830 1,830 2,250 1,120 1,250
620 910 910 1,230 1,230 1,560 1,560 2,000 2,000 2,470 1,250 1,400
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8.3 Preload

Normally, bearings are used with a slight internal
clearance under operating conditions. However, in some
applications, bearings are given an initial load; this means
that the bearings' internal clearance is negative before
operation. This is called "preload" and is commonly
applied to angular ball bearings and tapered roller

bearings.

8.3.1 Purpose of preload

The following results are obtained by constant elastic
compressive force applied to the contact points of rolling
elements and raceway by providing preload.

Table 8.12 Preloading methods and characteristics

NTN

(1) Bearing's rigidity increases, internal clearance tends
not to be produced even when heavy load is applied.

(2) The particular frequency of the bearing increases and
is becomes suitable for high-speed rotation.

(3) Shaft runout is suppressed; rotation and position
precision are enhanced.

(4) Vibration and noise are controlled.

(5) Sliding of rolling elements by turning, spinning, or
pivoting, is controlled and smearing is reduced.

(6) Fretting produced by external vibration is prevented.

IT

Applying excessive preload could result in
reduction of life, abnormal heating, or increase in
turning torque. You should therefore consider the
objectives before determining the amount of preload.

Method Basic pattern Applicable bearings Object Characteristics Applications
= Maintaining
accuracy of Preloading is accomplished by indi i
ﬁmgmg@ Angular contact rotating shaft, | a predetermined offset of the I(;R]ned;ng machines,
ball beari preventing rings or by using spacers. For e "
n | e | 2 PeaN8S  \vibration the standard preload see Table | Milling machines,
% _,-g'.ﬂ.l-ll.@'&l increasing 8.13. measuring instruments
= rigidity
e)
[e]
@,
=
o d roller
= Tapered ro Preload is accomplished by Lathes
2 ﬁafmw Egﬁ“t')g%srintg;”s't Increasing adjusting a threaded screw. milling machines
D ' |bearing rigidity | The amount of preload is set by : ’ ! "
e ) anﬁ;ular contact measuring the starting torque or dlf'“fetl"entlal gﬁ_ars of ar:JtOInotllves,
ball bearings axial displacement. printing machines, wheel axles

Angular contact

Maintaining
accuracy and
preventing

Preloading is accomplished by
using coil or belleville springs.

thrust bearings,
thrust ball
bearings

opposite axial
load side when
bearing an axial
load.

0 =3.275(NCoa)"*x 10™°70 kgfDl
T.=0.00083 Coa"” NIJ kgfl
which ever is greater
for spherical roller thrust bearings,
cylindrical roller thrust bearing
T=0.025 Coa?8""N
=0.0158 CoaO'BH ] kgﬂ:l

- ball bearings,  |{ipration and . Internal grinding machines,
— deep groove noise with a LODr C:{%egmgﬁ)ove ball bearings: electric motors,
?aalgtr’ggrr'gﬁ]:r' ST 0.40 1.0 d O kgfQ high speed shafts in small machines,
i bearings (high |Preload without |d: Shaft diameter mm _ tension reels
o d being affected |for angular contact ball bearings:
o) speed) by loads or see Table 8.13.
a temperature
Q
= Preload is accomplished by
o using coil or belleville springs.
D Recommended preloads are as
o Preload is follows: )
@ Spherical roller |primarily used to| for thrust ball bearings:
= thrust bearings, |prevent T:=0.42 (NCoa) “*x 10700 N Rolling mills,
g cylindrical roller {smearing of extruding machines
Q
o

Note: In the above formulas

T = preload, N {kgf}

n = number of revolutions, min-t
Coa = basic static axial load rating, N {kgf}
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8.3.2 Preloading methods and amounts

The most common method of applying preload on a
bearing is change the relative position of the inner and
outer rings of the bearing in the axial direction while
applying an axial load between bearings on opposing
sides. There are two types of preload: fixed position
preload and constant pressure preload.

The basic pattern, purpose and characteristics of
bearing preloads are shown in Table 8.12. The fixed
position preload is effective for positioning the two
bearings and also for increasing the rigidity. Due to the
use of a spring for the constant pressure preload, the
preloading amount can be kept constantly, even when the
distance between the two bearings fluctuates under the
influence of operating heat and load.

Also, the standard preloading amount for the paired
angular contact ball bearings is shown in Table 8.13.
Light and normal preload is applied to prevent general
vibration, and medium and heavy preload is applied
especially when rigidity is required.

Bearing I Bearing I

Outer g e pall do do
Inner ring
(1) Before :
prefoading JT TL Inner ring axial
do| 8080 |do  displacement
(2) Under Fo Fo : Preload
preloacing Sa Sa aner ring axial
FI displacement
(3) Under preloading F1=Fi+Fa
and applied axial Fa: External axial load
load “—0a

ﬁ‘— \
Fo—" <*+—Fo \ /

NTN

8.3.3 Preload and rigidity

The increased rigidity effect preloading has on bearings
is shown in Fig. 8.2. When the offset inner rings of the
two paired angular contact ball bearings are pressed
together, each inner ring is displaced axially by the
amount o o and is thus given a preload, Fo, in the
direction. Under this condition, when external axial load
F. is applied, bearing I will have an increased
displacement by the amount & . and bearing I's
displacement will decrease. At this time the loads applied
to bearing I and I are F: and Fr, respectively.

Under the condition of no preload, bearing I will be
displaced by the amount 6 » when axial load Fa is
applied. Since the amount of displacement, 0 , is less
than & s, it indicates a higher rigidity for o a.

Fa7 \ /
/
\\\ //
\ .
Bearing II \ g /Bearing I
\\ O —da— /,
\\\ (—_u //
\\ é /
\,
db—x
\,
N Fa
AN F1
Fo AN Fa
Fu
Axial displacement
o1 on—
a o 6 o
Fi=Fn+Fa

Fig. 8.2 Fixed position preload model diagram and preload diagram
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Table 8.13 The normal preload of duplex angular contact ball bearings

Nominal Bearing
bore diameter
d mm 78C 79C, HSBOC 70C, BNTO,
Low Normal Central Heavy Low Normal Central Heavy Low Normal
GL GN GM GH GL GN GM GH GL GN
over inch
= 12 ° = ° ° ° - - = 20 20 29 30
12 18 ° = ° ° ° > ° = 20 20 29

30
18 32 10 10 29 30 78 80 147 150| 2@ 20 491 50 98 100 1961 200 291 30 78] SDII

32 40 | 10 10 29 30 78 80 1470 150| 29 30 78 80 1961 200 294 300 | 49 50 140 150
40 50 | 201 20 49 50 981 100 1961 200| 39 40 981 100 245] 250 490 500 | 49 50 147 150
50 65 | 291 30 98100 196 200 390 400| 49 50 118 120 294] 300 5901 6000 | 981100 1961 200

65 80 | 291 30 981100 196 200 3901 400| 78 80O 1961 200 3901 400 7851 8000 | 981100 2941 300
80 90 | 49 50 14V 150 2941 300 5001 6000| 98100 245 250 4901 500 980J 1000 | 14w 150 3901 400
90 95 | 491 50 14v¥150 2941 300 500 6000 | 98100 245 250 4901 500 9801 1000 | 14wW 150  39Q1 400

95 100 | 49 50 147150 294 300 5001 6000 | 118120 2941 300 6881 700 1,47Q11500 | 147 150  39Q1 400
100 105 | 49 50 147¢150 2941 300 5000 600 | 118120 294 300 688 700 1,47@ 1500 | 1961 200 5901 6000
105 110 | 78 80O 1961200 4901 500 980110000 | 118120 2941 300 6851 700 1,47011500 | 1961200 5901 600

110 120 | 78 80 1961200 4901 500 9801 1000 | 147 150 3901 400 8801 9000 11,9601 20000 | 1961200 5901 600
120 140 | 981100 2941300 5901 600 1,270113000| 1961200 4901 500 9801 1000  2,4501 25000 | 2941300 7851 800
140 150 | 147150 3901400 7881 800 1,47Q115000| 2451250 6851 700 1,470 1500 2,940130000 | 2941300 7851 800

150 160 | 147150 3901400 7851 8000 1,470115000| 24581250 685 700 1,4701 1500 2,94Q1 30000 | 4901500 9801 1000
160 170 | 147150 4901500 98010000 1,96Q1 20000 | 2451250 6851 700 1,470 1500 2,9401 30000 | 4901 500 980l 10000
170 180 | 14W 150 4901500 980) 10000 1,96Q1 200001 | 2941300 8801 9000 1,960l 2000 3,900 40000 | 4901 500 9801 1000

180 190 | 1961200 5901600 1,270 1300 2,4501 25000 | 2941300 8801 900 1,96Q]1 2000 3,900 4000 | 5901 600 1,470 1500
190 200 | 1961200 5901600 1,27011300 2,4501 2500 | 4901 500 1,270 1300 2,940] 3000 5,9001 60000 | 5901 600 1,4701 1500

Nominal bore diameter Bearing
d mm 79, HSB9 70, HSBO
Normal Central Heavy Low Normal Central Heavy
GN GM GH GL GN GM GH

over inch

- 12 391 40 78 80 1471 150 291 30 78 80 147 150 1961 200
12 18 491 50 1470 150 1961 200 291 30 78 80 1470 150 294 300
18 32 981 100 1961 200 2941 300 491 50 147 150 294 300 490 500
32 40 140 150 294 300 590 600 78 80 294 300 5900 600 880 900
40 50 1961 200 390 400 635 700 781 80 2941 300 590 600 9801 1000
50 65 2451 250 4901 500 785 800 147 150 4901 500 8801 900 1,470 1500
65 80 39@ 400 7881 800 1,180 1200 141 150 590 600 1,470 1500 1,960 2000
80 90 4901 500 9801 10001 1,470 1500 1961 2001 8801 9001 1,960 20001 2,940 3000
90 95 4901 500 980 1000 1,470 1500 1961 200 880 900 1,960 2000 2,940 3000
95 100 685 700 1,2741 1300 1,96Q1 2000 196] 2001 8801 900 1,96Q1 2000 2,940 3000
100 105 685 700 1,274 1300 1,960 2000 294) 300 980 1000 2,450 2500 3,900 4000
105 110 6851 700 1,274 1300 1,960 20001 2941 300 980 10001 2,450 2500 3,900 4000
110 120 880 900 1,780 1800 2,940 3000 2941 300 980 1000 2,450 2500 3,900 4000
120 140 980 10001 1,960] 20001 3,450 35001 4901 500 1,470 1500 3,450 35000 5,900 6000
140 150 1,270 1300 2,450 25000 4,40Q1 4500 4901 500 1,470 15000 3,450 35000 5,900 6000
150 160 1,270 1300 2,450 25000 4,40Q1 45000 6851 7000 2,450 25000 4,9001 5000 8,800 90001
160 170 1,270 1300 2,450 2500 4,40Q1 4500 6851 700 2,4501 25000 4,9001 5000 8,8001 90001
170 180 1,780 1800 3,450 3500 5,900 6000 685] 700 2,450 2500 4,900 5000 8,800 90000
180 190 1,780 1800 3,450 3500 5,900 6000 880 900 3,450 3500 6,850 7000 9,800 1,00000
190 200 2,450 2500 4,900 5000 7,850 800U 880 9001 3,450 35000 6,850 70000 9,800 1,00000
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Unit NO kgfOO
0 O series
HSBOC 72C, BNT2 73C
Central Heavy Low Normal Central Heavy Low Normal Central Heavy
GM GH GL GN GM GH GL GN GM GH

981 100 1470 150 20 20 491 50 981 100 196 200| 29 30 781 80 14701 150 294 300
981 100 1961 200 200 20 491 50 140 150 294 300| 29 30O 78 80 1961 200 39 400
1470 150 2941 300 491 50 981 100 2941 300 4901 500| 76 80O 1401 150 3901 400 6851 700

294] 300 5901 600 78 80 1961 200 4901 500 7851 800 | 98 100 2941 300 5901 600 9801 1000
2941 300 685 700 98] 100 294 300 5901 600 9801 10000 | 145 150  39Q 400 98011000 1,96Q1 2000
4901 500 980 1000 | 147 150 39 400 7851 800 1,471 1500 | 1961 200 5901 6000 1,47Q 1500 2,9401 3000

6881 700 1,47Q1 1500 | 196] 200 4901 500 980J 10000 11,9601 2000 | 2941 300 7851 8000 1,960]12000 3,9001 4000
980J 1000  1,96Q1 20000 | 2941 300 688 700 1,47Q11500 2,940 3000 3901 400 980] 1000 2,4501 2500 4,900 5000
9801 1000  1,96Q 2000 | 2941 300 6858 700 1,96Q12000 3,900 4000/ 39a 400 980J 1000 2,95@1 3000 5,900 6000

980J 1000  1,96Q1 2000 | 2941 300J 688] 700 1,96012000 3,90 4000 390l 400 980l 1000 2,950 3000 5,9001 6000
1,470@ 1500  2,4501 25000 | 390! 4001 9801 1000  2,4501 2500 4,901 50000 | 5901 600 1,470 1500 3,451 3500 6,850 7000
1,470 1500 2,450 25000 | 390! 4001 9801 1000  2,4501 2500 4,900 50000 | 5901 600 1,47011500 3,451 3500 6,850 70001

1,470 1500 2,450 25000 | 390! 4001 9801 1000  2,4501 2500 4,901 50000 | 5901 600 1,470 1500 3,451 3500 6,850 7000
1,9601 20000 3,900 40001 | 49@1 500 1,470 1500 2,94013000 5,901 60001| 7851 800 1,960 20000 4,400 4500 8,800 9000
1,9601 20000 3,90Q1 40001 | 49@) 500 1,47@ 1500 2,94@1 3000 5,901 60001 | 7851 800 1,960 20000 4,400 4500 8,800 9000

2,4501 25000  5,9001 60001 | 6851 700 1,960 2000  4,40Q1 4500 7,85@1 8000 | 881 900 2,45@ 25000 5,900 6000 9,800 1,1000
2,4501 25000  5,9001 60001 | 6851 700 1,960 20000  4,40Q1 4500 7,85@1 800 | 88 900 2,45Q1 25000 5,900 6000 9,800 1,1000
2,450] 25000  5,9001 60001 | 6851 7000 1,960 20001 4,400 4500 7,85Q1 800 | 880 900 2,45Q1 25001 5,900 6000 9,800 1,1000

3,450 3500  6,85Q1 70001 | 78581 8000 2,45Q1 25000 4,90Q) 5000 9,80Q] 1,0000] | 98Q 1000 2,94@ 3000 6,850 70000 11,800 1,20000
3,4501 35000  6,8501 7000J | 7851800 2,45Q 2500 4,900 5000 9,800) 1,00001 | 980 1000 2,94 3000 6,85@ 7000 11,800 1,2000

Unit NO kgfld
0 O series
72, 72B 73, 73B
Low Normal Central Heavy Low Normal Central Heavy
GL GN GM GH GL GN GM GH
291 30 981 100 1961 200 294 300 491 50 140 150 2941 300 39a 400
291 30 98 100 2941 300 390 400 491 50 140 150 390 400 49a 5000
78 80 1961 200 49@ 500 785 800 981 100 2941 300 50 600 98Q 1000
98 100 390 400 88Q 900 1,470 1500 140 150 49@ 500 980 1000 1,960 2000
1400 150 590 600 98@ 1000 1,96 2000 1961 200 7851 800 1,47 1500 2,450 2500
1961 200 7851 800 1,470 1500 2,940 3000 2941 300 98Q 1000 2,450 2500 3,90a 4000
2941 300 980 10001 2,450 2500 3,900 4000 39@ 400 1,470 1500 3,450 3500 4,90a 5000
49a 500 1,470 1500 2,940 3000 4,900 5000 59@ 600 1,960 2000 3,90a 4000 5,88Q1 6000
49@ 500 1,960 2000 3,900 4000 5,9001 6000 5901 600 2,450 2500 4,90@ 5000 6,8541 7000
49@ 500 1,960 2000 3,900 4000 5,900 6000 590 600 2,450 2500 4,900 5000 6,860 70000
59 600 2,450 2500 4,901 5000 7,851 8000 6851 700 2,940 3000 5,90@ 6000 8,800 9000
59 600 2,450 2500 4,9001 50000 7,850 8000 6851 700 2,940 3000 5,90@ 6000 8,800 9000
59 600 2,450 2500 4,900 5000 7,851 8000 6851 700 2,940 3000 5,90@ 6000 8,800 9000
7851 800 2,940 3000 5,900 6000 9,800 1,0000J 880 900 3,900 4000 7,850 8000 11,8001 1,2000
7851 800 2,940 3000 5,900 6000 9,800 1,000 880@ 900 3,9001 4000 7,850 8000 11,8001 1,2000
88aI 900 3,900 40000 7,850 80001 11,8001 1,2000 980 1000 4,400 4500 8,800 9000 13,700 1,4000
88Q 900 3,900 40001 7,850 80001 11,8001 1,2000 980 1000 4,401 4500 8,800 900U 13,7001 1,40000
8801 900 3,900 40001 7,850 80001 11,8001 1,2000 980 1000 4,400Q 4500 8,80@ 9000 13,700 1,4000
980 1000 4,400 4500 8,800 9000 13,7001 1,4000 1,47@ 1500 5,900 6000 11,8001 1,2000 15,700 1,6000
980 1000 4,400 45000 8,800 90000 13,7001 1,4000 1,470 1500 5,900 6000 11,800 1,2000 15,700 1,6000
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9. Allowable Speed

As rotational speed of the bearing increase, the Under such high speed operating conditions, when
temperature of the bearing also rises due to heat special care is taken, the standard allowable speeds
produced inside the bearing by friction. This causes given in the bearing tables can be adjusted upward. The
damage to the bearing such as seizure, and the bearing maximum speed adjustment values, fs, by which the
will be unable to continue stable operation. Therefore, the bearing table speeds can be multiplied, are shown in
maximum speed at which it is possible for the bearing to Table 9.1. However, for any application requiring speeds
continuously operate without the generation of excessive in excess of the standard allowable speed, please
heat beyond specified limits, is called the allowable consult NTN Engineering.
speed (minY).

The allowable speed of a bearing depends on the type 11
of bearing, bearing dimensions, type of cage, load,
lubricating conditions, and cooling conditions. v

/

The bearing dimensions table gives approximate 0.9
allowable rotational speeds for grease and oil lubrication.

The values are based on the following: 038
® The bearing must have the proper internal clearance o

prescribed in the NTN Engineering standard design o

specifications and must be properly installed.
® A quality lubricant must be used. The lubricant must be 0

replenished and changed when necessary.
® The bearing must be operated at normal operating os

temperature under ordinary load conditions (P 0.09 ' 5 5 7 3 9 10 1

Cr, Fa/ FaJ 0.3). c

P
If load is PLJ 0.04 Cor, the rolling elements may not turn Fig. 9.1 Value of adjustment factor f. depends on bearing load

smoothly. If so, please contact NTN Engineering for more
information. Allowable rotational speed for deep groove
ball bearings with contact seal (LLU type) or low-torque
seal (LLH type) is determined according to the

circumferential speed of the seal. 1.0

For bearings to be used under heavier than normal load 09 \ \\ | oma\m ballbearings |
conditions, the allowable speed values listed in the %\
bearing tables must be multiplied by an adjustment factor. 0.8 1ings
The adjustment factors fL and fc are given in Figs. 9.1 oo
and 9.2. 0.7 rg;//,,d,,cﬂ/

) ) ) “req ro//:;/fr Im\\

Also, when radial bearings are mounted on vertical 06 ea,,hggs(ri
shafts, lubricant retentions and cage guidance are not '3’%26)
favorable compared to horizontal shaft mounting. 05 w

Therefore, the allowable speed should be reduced to 0 05 10 1 20
approximately 80% of the listed speed. Ej

For speeds other than those mentioned above, and for Fig. 9.2 Value of adjustment factor fc depends on combined load
which data is incomplete, please consult NTN
Engineering.

Table 9.1 Adjustment factor, fg, for allowable number
If rotational speed is to exceed allowable rotational of revolutions

spee_d give_n in the dimens_ions table,_ it will req_uire special Type of bearing e e G
considerations such as using a bearing for which cage

specifications, internal clearance and precision have been Deep groove ball bearings 3.0
thoroughly checked. It will also require adopting forced Angular contact ball bearings 2.0
circulation, jet oil or mist oil lubrication as the lubrication Cylindrical roller bearings 25
method. Tapered roller bearings 2.0
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10. Friction and Temperature Rise

10.1 Friction

One of the main functions required of a bearing is that
it must have low friction. Under normal operating
conditions rolling bearings have a much smaller friction
coefficient than the slide bearings, especially starting
friction.

The friction coefficient for rolling bearings is expressed
by formula (10.1).

2M

HO “pq

where,
p O Friction coefficient
MO Friction moment, NO mm0O kgfd fmmQO
P O Load, NO kgf[J
d 0 Bearing bore diameter, mm

Although the dynamic friction coefficient for rolling
bearings varies with the type of bearings, load,
lubrication, speed, and other factors; for normal operating
conditions, the approximate friction coefficients for
various bearing types are listed in Table 10.1.

Table 10.1 Friction coefficient for bearings (reference)

Bearing type Coefficient p x 10°
Deep groove ball bearings 1.00 1.5
Angular contact ball bearings 1.201.8
Self-aligning ball bearings 0.801.2
Cylindrical roller bearings 1.0015
Needle roller bearings 2.003.0
Tapered roller bearings 17025
Spherical roller bearings 2.0025
Thrust ball bearings 10015
Thrust roller bearings 2.00 3.0
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10.2 Temperature rise

Almost all friction loss in a bearing is transformed into
heat within the bearing itself and causes the temperature
of the bearing to rise. The amount of thermal generation
caused by friction moment can be calculated using
formula (10.2).

QO 0.105% 10°Mn N
0 1.03x 10°Mn0 kgfQd
where,
QO Thermal value, kW
MO Friction moment, NO mm[ kgf(J fmm
n0 Rotational speed, min*

Bearing operating temperature is determined by the
equilibrium or balance between the amount of heat
generated by the bearing and the amount of heat
conducted away from the bearing. In most cases the
temperature rises sharply during initial operation, then
increases slowly until it reaches a stable condition and
then remains constant. The time it takes to reach this
stable state depends on the amount of heat produced,
heat capacity/diffusion of the shaft and bearing housing,
amount of lubricant and method of lubrication. If the
temperature continues to rise and does not become
constant, it must be assumed that there is some improper
function.

Possible causes of abnormal temperature include
bearing misalignment (due to moment load or
incorrect installation), insufficient internal clearance,
excessive preload, too much or too little lubricant, or
heat produced from sealed units. Check the
mechanical equipment, and if necessary, remove and
inspect the bearing.
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11. Lubrication

11.1 Purpose of lubrication

The purpose of bearing lubrication is to prevent direct
metallic contact between the various rolling and sliding
elements. This is accomplished through the formation of a
thin oil (or grease) film on the contact surfaces. However,
for rolling bearings, lubrication has the following
advantages:

(1) Reduction of friction and wear

(2) Dissipation of friction heat

(3) Prolonged bearing life

(4) Prevention of rust

(5) Protection against harmful elements

In order to exhibit these effects, a lubrication method
that matches service conditions. In addition to this, a
quality lubricant must be selected, the proper amount of
lubricant must be used and the bearing must be designed
to prevent foreign matter from getting in or lubricant from
leaking out.

= =y
2 2
= /\ <
Temperature
T increase T
Q (9]
o ™ 5
s Friction loss o
5 LT
<
(]
o
=
(3]
|_
AlBI C \ D I E

Qil volume
—— great

Fig. 11.1

Table 11.1 Oil volume, friction loss, bearing temperature
(See Fig. 11.1)

Range Characteristics Lubrication method
When oil volume is extremely low,
direct metallic contact occurs in places
A between the rolling elements and —

raceway surfaces. Bearing abrasion
and seizing occur.

Grease lubrication,
oil m_ist, o
air-oil lubrication

A thin oil film develops over all
B surfaces, friction is minimal and
bearing temperature is low.

c As oil volume increases, heat buildup | Circulating
is balanced by cooling. lubrication
D Regardless of oil volume, temperature | Circulating
increases at a fixed rate. lubrication

Forced circulation
lubrication,
Oll jet lubrication

As oil vqlume increases, cooling
E | predominates and bearing temperature
decreases.
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Fig. 11.1 shows the relationship between oil volume,
friction loss, and bearing temperature. Table 11.1 details
the characteristics of this relationship.

11.2 Lubrication methods and characteristics

Lubrication method for bearings can be roughly divided
into grease and oil lubrication. Each of these has its own
features, so the lubrication method that best offers the
required function must be selected.

The characteristic are shown in Table 11.2.

IT

Table 11.2 Comparison of grease lubrication and
oil lubrication characteristics

Concern Method |- Srease | o, prication
Handling O O
Reliability o 0
Cooling effect x (ﬁggg'szg?;‘)
Seal structure o O
Power loss o o
Environment contamination o 0
High speed rotation X o

00O Very goodO o 0 GoodO O O Faird x [ Poor

11.3 Grease lubrication

Grease lubricants are relatively easy to handle and
require only the simplest sealing devices. For these
reasons, grease is the most widely used lubricant for rolling
bearings. It is used a bearing that is pre-sealed with grease
(sealed/shield bearing), or if using an unsealed bearing, fill
the bearing and housing with the proper amount of grease,
and replenish or change the grease regularly.

11.3.1 Types and characteristics of grease

Lubricating grease are composed of either a mineral oil
base or a synthetic oil base. To this base a thickener and
other additives are added. The properties of all greases
are mainly determined by the kind of base oil used and by
the combination of thickening agent and various
additives. Table 11.5 shows general grease varieties and
characteristics, and Table 11.6 shows grease brand
names and their natures. (See pages A-74 and A-75.) As
performance characteristics of even the same type of
grease will vary widely from brand to brand, it is
necessary to check the manufacturers' data when
selecting a grease.

(1) Base oil
Mineral oil or synthetics such as ester or ether oil are
used as the base of the grease.

Mainly, the properties of any grease is determined by
the properties of the base oil. Generally, greases with low
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viscosity base oil are best suited for low temperatures and
high speeds; Grease using high-viscosity base oil has
superior high-temperature and high-load characteristics.

(2) Thickening agents

Thickening agents are compounded with base oils to
maintain the semi-solid state of the grease. Thickening
agents consist of two types of bases, metallic soaps and
non-soaps. Metallic soap thickeners include: lithium,
sodium, calcium, etc.

Non-soap base thickeners are divided into two groups;
inorganic (silica gel, bentonite, etc.) and organic (poly-
urea, fluorocarbon, etc.).

The various special characteristics of a grease, such as
limiting temperature range, mechanical stability, water
resistance, etc. depend largely on the type of thickening
agent used. For example, a sodium based grease is
generally poor in water resistance properties, while
greases with bentone, poly-urea and other non-metallic
soaps as the thickening agent are generally superior in
high temperature properties.

(3) Additives

Various additives are added to greases to improve
various properties and efficiency. For example, there are
anti-oxidents, high-pressure additives (EP additives), rust
preventives, and anti-corrosives.

For bearings subject to heavy loads and/or shock loads,
a grease containing high-pressure additives should be
used. For comparatively high operating temperatures or
in applications where the grease cannot be replenished
for long periods, a grease with an oxidation stabilizer is
best to use.

(4) Consistency

Consistency is an index that indicates hardness and
fluidity of grease. The higher the number, the softer the
grease is. The consistency of a grease is determined by
the amount of thickening agent used and the viscosity of
the base oil. For the lubrication of rolling bearings,
greases with the NLGI consistency numbers of 1, 2, and
3 are used.

General relationships between consistency and
application of grease are shown in Table 11.3.

(5) Mixing of greases

When greases of different kinds are mixed together, the
consistency of the greases will change (usually softer), the
operating temperature range will be lowered, and other
changes in characteristics will occur. As a rule, grease
should not be mixed with grease of any other brand.

However, if different greases must be mixed, at least
greases with the same base oil and thickening agent
should be selected.
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Table 11.3 Consistency of grease

NLGI JIS (ASTM)
Consis- |60 times blend Applications

tency No. consistency
0 35501 385 | For centralized greasing use
1 3100 340 | For centralized greasing use
2 2650 295 | For general use and sealed bearing use
3 2200 250 | For general use and high temperature use
40 1750 2050 | For special use

11.3.2 Amount of grease

The amount of grease used in any given situation will
depend on many factors relating to the size and shape of
the housing, space limitations, bearing's rotating speed
and type of grease used.

As a rule of thumb, bearings should be filled to 30 to 40%
of their space and housing should be filled 30 to 60%.

Where speeds are high and temperature rises need to
be kept to a minimum, a reduced amount of grease
should be used. Excessive amount of grease cause
temperature rise which in turn causes the grease to
soften and may allow leakage. With excessive grease
fills oxidation and deterioration may cause
lubricating efficiency to be lowered.

Moreover, the standard bearing space can be found by
formula (11.1)

where,
V : Quantity of bearing space open type (approx.), cm?
K : Bearing space factor (see value of K in Table 11.4)
W: Mass of bearing, kg

Table 11.4 Bearing space factor K

ooo Bearing typed O 0O O Cage typel K
0 Ball bearings @ Pressed cage 61
O N ) Pressed cage 50
0 NYype oyipgrical rofler bearings @ | \achined cage 36
0 - -} Pressed cage 55
0 N8RS evinerieahioies beaings Machined cage 37
[ Tapered roller bearings Pressed cage 46
O . . Pressed cage 35

Spherical roller bearings Machined nge 28

@ Does not apply top 160 series bearings.
@ Does not apply to NU4 series bearings.
© Does not apply to N4 series bearings.
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Table 11.5 Grease varieties and characteristics

Grease name LR Gresse Sodium grease Calcium compound
9 (Fiber grease) base grease
Ca+Na soa|
Thickener Li soap Na soap Ca+Li soapp
Base oil Mineral oil Diester oil Silicone oil Mineral oil Mineral oil
Dropping point °C 170 O 190 170 0 190 200 O 250 150 O 180 150 0 180
tempe?gggipa%ge e -30 0 +130 -50 0 +130 -50 0 +160 200 +130 -20 0 +120 11
Mechanical stability Excellent Good Good Excellent 0 Good Excellent 0 Good
Pressure resistance Good Good Poor Good Excellent 0 Good
Water resistance Good Good Good Good O Poor Good O Poor
Widest range of Excellent low Suitable for high Some emulsification Excellent pressure
applications. temperature and and low when water is resistance and
wear characteristics. | temperatures. introduced. mechanical stability.
Applications Grease used in all
types of rolling Suitable for small Unsuitable for heavy | Excellent Suitable for
bearings. sized and miniature load applications due | characteristics at bearings receiving
bearings. to low oil film relatively high shock loads.
strength. temperatures.
Table 11.6 Grease brands and their nature
Manufacturer Brand name é\lo'léjl;l Thickener Base oil
Alvania Grease 2 2A Lithium Mineral oil
Alvania Grease 3 3A Lithium Mineral oil
Showa Shell Sekiyu Alvania Grease RA 4A Lithium Mineral oil
Alvania EP Grease 2 8A Lithium Mineral oil
Aero Shell Grease 7 5S Microgel Diester
Multemp PS No. 2 1K Lithium Diester
Kyodo Yushi Multemp SRL 5K Lithium Tetraesterdiester
ES L417 Urea Ether
Temprex N3/ Unilex N3 2E Complex Li Synthetic hydrocarbon
Esso Sekiyu
Beacon 325 3E Lithium Diester
Isoflex Super LDS18 6K Lithium Diester
NOK Kluber Barrierta JFE552 LX11 Fluoride Fluoride oil
Grease J L353 Urea Ester
Toray Dow Corning, SH33L 3L Lithium Methyl phenyl oil
Silicone SH44M 4M Lithium Methyl pheny! oil
Multi Nok wide No. 2 6N Sodium lithium Diester mineral oil
Nippon Oil
u-4 L412 Urea Synthetic hydrocarbon + dialkyldipheny! ether
Nihon Grease MP-1 L448 Diurea PAO + ester
Idemitsu Kosan Apolo Autolex A 5A Lithium Mineral oil
Mobil Sekiyu Mobile Grease 28 9B Bentone Synthetic hydrocarbon
Cosmo Oil Cosmo Wide Grease WR3 2M Na terephthalate Diester mineral oil
Daikin Demnum L200 LX23 PTFE Fluoride oil
Note: For nature, see the manufacturer's catalog.
A-74
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Aluminum grease

Non-soap base grease

Bentone, silica gel, urea, carbon black,

Al soap fluorine compounds, etc.
Mineral oil Mineral oil Synthetic oil
700 90 250 or above 250 or above
-10 0 +80 -10 0 +130 -50 0 +200
Good [0 Poor Good Good
Good Good Good
Good Good Good

Excellent adhesion

Can be used in a wide range of low to high temperatures.

NTN

Shows excellent heat resistance, cold resistance, chemical
resistance, and other characteristics when matched with a
suitable base oil and thickener.

Suitable for bearings
receiving vibration

Grease used in all types of rolling bearings.

Dropping Operating

Base oil viscosity Consistency point’C temperature’C Color Characteristics
37.8°C 140mm2/s 273 181 0250120 Amber All-purpose grease
37.8°C 140mm2/s 232 183 0250 135 Amber All-purpose grease
37.8°C 45mm?/s 252 183 0400 120 Amber For low temperature
98.9°C 15.3mm?/s 276 187 0200 110 Brown All-purpose extreme-pressure
98.9°C 3.1mm%/s 288 Min. 260 0730149  |Yellow-brown| MIL-G-23827
37.8°C 15.3mm?/s 2650 295 190 0550 130 White For low temperature and low torque
40°C 26mm2/s 250 192 0 400 150 White Wide range
40°C 72.3mm2/s 300 240 0 300 180 White For high temperature
40°C 00 113mm2/s 2200 250 Min. 300 J 300 160 Green For high temperature
40°C 0 11.5mm2/s 2650 295 177 0600 120 Brown For low temperature and low torque
40°C 16.0mm2/s 2650 295 Min. 180 0600130 |Yellow-green| For low temperature and low torque
40°C 400mm?/s 290 — 0350 250 White
40°C 75mm2/s — 280 [J 200 180 Gray-white | For high temperature
25°C 100mm2/s 300 200 0700160 |Light red-gray| For low temperature
40°C 32mm?/s 260 210 0 400 180 Brown For high temperature
37.8°C 30.9mm?/s 2650 295 215 J 400 135 Light brown| Wide range
40°C 0 58mm2/s 255 260 0400 180 Milk-white For high temperature
40°C 40.6mm2/s 243 254 0 400 150 Light brown| Wide range
37.8°C 50mm2/s 2650 295 192 0 250 150 Yellow All-purpose grease
40°C 28mm?/s 315 Min. 260 0620177 Red MIL-G-81322C Wide range
37.8°C 30.1mm2/s 2650 295 Min. 230 0400 150 Light brown| Wide range
40°C O 200mmz/s 280 = 0600 300 White
A-75
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11.3.3 Grease replenishment

As the lubricating efficiency of grease declines with the
passage of time, fresh grease must be re-supplied at
proper intervals. The replenishment time interval depends
on the type of bearing, dimensions, bearing's rotating
speed, bearing temperature, and type of grease.

An easy reference chart for calculating grease
replenishment intervals is shown in Fig. 11.2.

This chart indicates the replenishment interval for
standard rolling bearing grease when used under normal
operating conditions.

As operating temperatures increase, the grease re-
supply interval should be shortened accordingly.

Generally, for every 10°C increase in bearing
temperature above 80°C, the relubrication period is
reduced by exponent "1/1.5".

No/N
I
20.05
150
X 1 Relubrication interval, h ]
w0, Bearing bore d, mm I

300 30000 18'82
200 80
100 20000 7.0
2 A .
gg ------------- ~~o. 10000 50
10 TEea _1c 40

;07 500 50009~ ~ < -

300 40004 T 304
= 200 500 3000-] 1B
3 100 ]
%’ 203 o S0 20004 1
D 1005 33 100 20
o 504 2- 5o 1000 ]
@ 30 30 ]
%- 2 “2 & e

= 5009 1
8 iy |
= g- 2 @ 300 1
& 28 Lo
— o = — !
g 252 -
= ] @ no: fux fex limiting speed for grease 084
2 2 e (dimension tables) T
S =3 %_ see Fig. 9.1, Fig. 9.2 07J‘
a QG & n:actual rotational speed :

o

ig. 11.2 Diagram for relubrication interval of greasing

(Example)

Find the grease relubrication time limit for deep
groove ball bearing 6206, with a radial load of
2.0 kN {204kgf} operating at 3,600 min™.

Cr/ Pr0J 19.5/2.0 kN O 9.8 from Fig. 11.1, the
ajustment factor, fi, is 0.96.

Allowable rotational speed from the dimensions tables
for bearing 6206 is 11,000 min. Allowable rotational
speed no for a 2.0 kN {204 kgf} radial load is:

no J 0.96x 11,000 J 10,560 min*

10,560
3,600

therefore, = [ [02.93
The point where vertical line I intersects a horizontal line
drawn from the point equivalent of d = 30 for the radial
ball bearing shown in Fig. 11.2 shall be point A. Find
intersection point C where vertical line I intersects the
straight line formed by joining point B (ns/n = 2.93) with A
with a straight line. It shows that grease life in this case is
approximately 5,500 hours. 11

11.4 Solid grease (For bearings with solid grease)

"Solid grease" is a lubricant composed mainly of lubricating
grease and ultra-high polymer polyethylene. Solid grease has
the same viscosity as grease at normal temperature, If
heated once and cooled (this process is referred to as
"calcination”) the grease hardens while maintaining a large
quantity of lubricant. The result of this solidification is that the
grease does not easily leak from the bearing, even when the
bearing is subjected to strong vibrations or centrifugal force.

Bearings with solid grease are available in two types: the
spot-pack type in which solid grease is injected into the
cage, and the full-pack type in which all empty space
around the rolling elements is filled with solid grease.

Spot-pack solid grease is standard for deep groove ball
bearings, small diameter ball bearings, and bearing units.
Full-pack solid grease is standard for self-aligning ball
bearings, spherical roller bearings, and needle roller bearings.

Primary advantages:

(1) Grease leakage is minimal.

(2) Low bearing torque with spot-pack type solid grease

For more details, please refer to NTN special catalog
of Solid grease bearings.

Solid grease

Fig. 11.3 Deep groove ball bearing with spot-pack solid grease (Z shield)
(Standard for deep groove ball bearings)

Solid grease

Fig. 11.4 Spherical roller bearing with full-pack solid grease
(Standard for spherical roller bearings)
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11.5 Oil lubrication

Oil lubrication is suitable for applications requiring that
bearing-generated heat or heat applied to the bearing
from other sources be carried away from the bearing and

Table 11.7 Oil lubrication methods

NTN

dissipated to the outside.Table 11.7 shows the main
methods of oil lubrication.

Lubrication method

Example

Lubrication method Example

(Oil bath lubrication)

® Oil bath lubrication is
the most generally used
method of lubrication
and is widely used for
low to moderate rotation
speed applications.

® For horizontal shaft
aﬁpllcatlons, oil level
should be maintained at
approximately the
center of the lowest
rolling element,
according to the oil
gaug_e, when the

earing is at rest. For

vertical shafts at low
speeds, oil level should
be maintained at 50 -
80% submergence of
the rolling elements.

(Disc lubrication)
® |n this method, a
partially submerged disc =
rotates and pulls oil up

into a reservoir from —
which it then drains

down through the - 77%
bearing, lubricating it. 7

(Qil spray lubrication)
® |n this method, an

impeller or similar
device mounted on the
shaft draws up oil and
sprays it onto the
bearing. This method
can be used at
considerably high
speeds.

(Oil mist lubrication)

® Using pressurized air,
lubricating oil is
atomized before passing
through the bearing.

® Due to the low lubricant U S R )
resistance, this method
is well suited to high
speed applications.

(Drip lubrication)

® |n this method, oil is
collected above the
bearing and allowed to
drip down into the
housing where it
becomes a lubricating
mist as it strikes the
rolling elements.
Another version allows
only slight amounts of
oil to pass through the
bearing.

® Used at relatively high
speeds for light to
moderate load
applications.

® |n most cases, oil
volume is a few drops
per minute.

(Air-oil lubrication)

® |n this method, the
required minimum_ .
amount of lubricating oil
is measured and fed to
each bFarln_g at ideal
intervals using " - -
co_mpressed ai_r. ) ) gﬂelisjtarator Reservoir (level switch)

® \With fresh lubricating oil _ — Ol Air oil line
constantly being fed to Air @:BEE“ %I

the bearing, and with Solenoid valve (=
the cooling effect of the Air filter -® Timer
compressed air, bearing = \& — Ar Nozzle
temperature rise can be
minimized. i ) Pressure switch

® Because the required oil

uantity is infinitesimal,

the working environment
can be kept clean.

O Air-oil lubrication units
are available from NTN.

(Circulating lubrication)

® Used for bearing cooling
applications or for
automatic oil supply
systems in which the oil
supply is centrally
located.

® One of the advantages
of this method is that oil
cooling devices and
filters to maintain oil
purity can be installed
within the system.

® |n order for oil to
thoroughly lubricate the
bearing, oil inlets and
outlets must be provided
on opposite sides of the
bearing.

(Oil jet lubrication)

® This method lubricates
by injecting oil under
high pressure directly
into the side of the
bearing. This is a
reliable system for high
speed, high temperature
or otherwise severe
conditions.

® Used for lubricating the
bearings in jet engines,
gas turbines, and other [
high speed equipment.

® Under-race lubrication
for machine tools is one
example of this type of
lubrication.
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11.5.1 Selection of lubricating oil 11.5.2 Oil quantity

Under normal operating conditions, spindle oil, In forced oil lubrication systems, the heat radiated away
machine oil, turbine oil, and other mineral oils are widely by the housing and surrounding parts plus the heat
used for the lubrication of rolling bearings. However, for carried away by the lubricating oil is approximately equal
temperatures above 150°C or below -30°C, synthetic oils to the amount of heat generated by the bearing and other
such as diester oil, silicone oil, and fluorocarbon oil are sources.
used.

For lubricating oils, viscosity is one of the most For general housing applications, the required quantity
important properties and determines an oil’s lubricating of oil can be found by formula (11.2).
efficiency. If viscosity is too low, formation of the oil film 11
will be insufficient, and damage will occur to the QUKL G veiieiieie i (11.2)
raceways of the bearing. If viscosity is too high, viscous where,
resistance will also be great and result in temperature Q: Quantity of oil for one bearing cm3/min.
increases and friction loss. In general, for higher speed K: Allowable oil temperature rise factor (Table 11.10)
applications a lower viscosity oil should be used; for g: Amount of lubrication determined by diagram
heavier load applications, a higher viscosity oil should be cm3/min. (Fig. 11.4)
used.

In regard to operating temperature, Table 11.8 lists the Because the amount of heat radiated will vary
required oil viscosity for different types of rolling bearings. according to the type of housing, for actual operation it is
Fig. 11.5 is an oil viscosity - operating temperature advisable that the quantity of oil calculated by formula

comparison chart for the purpose of selecting a
lubrication oil with viscosity characteristics appropriate to

an application. 250 S0 VG 320
. . . . 11 Vi
Table 11.9 lists the selection standards for lubricating 1o 2150 VG 150
. . . . . . 3:1SO VG 68
oil viscosity with reference to bearing operating w0 4:1S0 VG 46
e 5:1SO VG 32
conditions. 100 6:1SO VG 22
% 7:1S0 VG 15
E 50
Table 11.8 Required lubricating oil viscosity for bearings s 3
=20
Bearing type Dynamic viscosity mm? /s g 1 !
2 2
> 10
Ball bearings, Cylindrical roller bearings, 13 8 3
Needle roller bearings o 4
Spherical roller bearings, Tapered roller 20 4
bearings, Needle roller thrust bearings 5 !
Self-a“gnlng rOHer thrUSt bearlngs 30 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Temperature °C

Flg. 11.5 Relation between lubricating oil viscosity and

temperature
Table 11.8 Selection standards for lubricating oils (Reference)
Bearing operating Lubricating oil ISO viscosity grade (VG) . .
temperature dn-value Suitable bearing
°C Normal load | Heavy load or shock load
o300 o Up to allowable rotational speed | 220 32 46 All types
Up to 15,000 460 68 100 All types
8 D 15,000 [ 80,000 320 46 68 All types
80,000 O 150,000 220032 32 All types but thrust ball bearings
150,00000 500,000 10 220032 Single row radial ball bearings, cylindrical roller bearings
Up to 15,000 150 220 All types
15,000 0 80,000 100 150 All types
600 100 -
80,000 [ 150,000 68 10001 150 All types but thrust ball bearings
150,0000 500,000 32 68 Single row radial ball bearings, cylindrical roller bearings
100 O 150 Up to allowable rotational speed 320 All types
o0 60 Up to allowable rotational speed 460 68 L .
Self-aligning roller bearings
600 100 Up to allowable rotational speed 150

Note 1: Applied when lubrication method is either oil bath or circulating lubrication.
2: Please consult NTN Engineering in cases where operating conditions fall outside the range covered by this table.
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Table 11.9 Factor K

o000000 1.5
15000000 1

20000000 0.75
25000000 0.6

(11.2) be multiplied by a factor or 1.5 or 2.0. Then, the
amount of oil can be adjusted to correspond to actual
operating conditions.
Furthermore, if it is assumed for calculation purposes
that no heat is radiated by the housing, and that all
bearing heat is removed by the oil, then the value for
shaft diameter, d O 0.

d O 100 mmO
dn O 100x 1,80001 18x 104
From Fig. 11.6 g O 180cm?/ min

Assume the bearing temperature is approximately

equal to the expelled oil temperature,
from Table 11.10, since K O 1
QO 1x 18001 180cm?/ min

NTN

11.5.3 Relubrication intervals

The intervals at which lubricating oil should be
changed varies depending upon operating
conditions, oil quantity, and type of oil used. In
general, for oil bath lubrication where the operating
temperature is 50°C or less, oil should be replaced
once a year. When the operating temperature is
between 80°C — 100°C, oil should be replaced at least
every three months. For important equipment, it is
advisable that lubricating efficiency and oil purity
deterioration be checked regularly to determine when
oil replacement is necessary.

Fig. 11.6 Oil quantity guidelines
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12. External bearing sealing devices

formed synthetic rubber lip on a steel plate is pressed
against the shaft. Contact seals are generally far
superior to non-contact seals in sealing efficiency,
although their friction torque and temperature rise
coefficients are higher. Furthermore, because the lip
portion of a contact seal slides while in contact with the
shaft, the allowable seal peripheral speed varies
depending on seal type.

External seals have two main functions: to prevent
lubricating oil from leaking out, and, to prevent dust, water,
and other contaminants from entering the bearing. When
selecting a seal, the following factors need to be taken into
consideration: the type of lubricant (oil or grease), seal
peripheral speed, shaft fitting errors, space limitations,
seal friction and resultant heat increase, and cost.

Sealing devices for rolling bearings fall into two main
classifications: non-contact seals and contact seals.

Lubrication is required in the place where the seal lip
makes contact with the shaft. Ordinary bearing lubricant
can also be used for this purpose.

® Non-contact seals: Non-contact seals utilize a small
clearance between the shaft and the housing cover.
Therefore friction is negligible, making them suitable for
high speed applications.
In order to improve sealing capability, clearance
spaces are often filled with lubricant.

The following chart lists the special characteristics of
seals and other points to be considered when choosing
an appropriate seal.

® Contact seals: A contact seal is a seal whereby a

Type Seal construction Name Seal characteristics and selection considerations

— Cautionary points regarding selection —

O In order to improve sealing
efficiency, clearances between the
shaft and housing should be
minimized. However, care should
be taken to confirm shaft/bearing
rigidity and other factors to avoid
direct shaft-housing contact during
operation.

Oil groove clearance (reference)

Clearance seal This is an extremely simple seal
design with a small radial

clearance.

Oil groove seal
(oil grooves on
housing side)

Several concentric oil grooves are
provided on the housing inner
diameter to greatly improve the

‘ Sea'f'_rl‘lgcfff?g'lvzhe” Tethgmo"es Upto5000000 0.200.4
are fived with jubricant, the 50 oraboved 0O  0.501.0

intrusion of contaminants from the

Shaft diameter mm Clearance mm

S|eas 10e1u0d-uoN

Oil groove seal
(oil grooves on
shaft and housing
side)

Axial labyrinth
seal

Radial
labyrinth seal

Aligning
labyrinth seal

outside is prevented.

Oil grooves are provided on both
the shaft outer diameter and
housing inner diameter for a seal
with even greater sealing
efficiency.

This seal has a labyrinth
passageway on the axial side of
the housing.

A labyrinth passageway is affixed
to the radial side of the housing.
For use with split housings. This
offers better sealing efficiency than
axial labyrinth seals.

The seal's labyrinth passageway is
slanted and has sufficient
clearance to prevent contact
between the housing projections
and the shaft even as the shaft
realigns.

[ Oil groove width, depth (reference)
width : 20 5 mm
depth : 40 5 mm

O Three or more oil grooves should
be provided.

[0 Sealing efficiency can be further
improved by filling the oil groove
portion with grease of which the
consistency grade is 150 to 200.

[ Grease is generally used as the
lubricant for labyrinth seals, and,
except in low speed applications,
is commonly used together with
other sealing devices.

— Cautionary points regarding selection —

O In order to improve sealing
efficiency, labyrinth passageway
clearances should be minimized.
However, care should be taken to
confirm shaft/bearing rigidity, fit,
internal clearances and other
factors to avoid direct contact
between labyrinth projections
during operation.

Labyrinth clearance (reference)

Shaft Clearance mm
diameter————— —
mm  |Radial direction| Axial direction

00 500 0.200.40
500 200 0.50 1.00

1.0020
3.005.0

[ Sealing efficiency can be further
improved by filling the labyrinth
passageway with grease of which
the consistency grade is 150 to 200.

0 Labyrinth seals are suitable for
high speed applications.
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Type Seal construction Name Seal characteristics and selection considerations
L Oil comb sleeve | In this design, lubricating oil that r— Cautionary points regarding selection —
i makes its way out of the housing 0 Seal type whereby a slinger that
?dlrface e along the shatt is thrown off by utiliz_es centrifugal force is
o \ projections on the oil comb sleeve provided on the rotating shaft.
oil comb and recirculated. O If mounted on the inside of the
= sleeve housing, the slinger should
o function to seal in lubricant by
> ) centrifugal force produced by
2 50" flow Slinger Seal type whereby a slinger is rotation.
= g . ' ) ;
= OZ Erow_ded inthel | pravided :nbth_e hOL;smg |tha|:' b O If mounted on the outside of the
=] ousing prevgnts ubricant from leaking by housing, the slinger should
) Slinger centrifugal force produced by function to seal out foreign matter
8 rotation. by fan effect produced by rotation.
n
0 These seal types are commonly
\Air flow Slinger By mountin_g a slinge_r on the outside géﬂaﬁilr?é/%%\t/?ggsther with other
provided of the housing, centrifugal force
7 outside the helps to prevent dust and other solid
Slinger housing contaminants from entering.
Z grease seal In cross section resembling the letter "Z," this seal's empty spaces are filled with
grease.
Q The seal is commonly used with a plummer block (bearing housing).
-
! Z grease seal
V-ring seal This design enhances sealing efficiency with a lip that seals from the axial direction.
| With the aid of centrifugal force, this seal also offers effective protection against
dust, water, and other contaminants entering the bearing. Can be used for both oil
;_ and grease lubrication.
| V-ring seal At seal peripheral _speeds in_ excess of 12 m/s, sgf_xl ring fit is lost due to centrifugal
‘ force, and a clamping band is necessary to hold it in place.
ok | Oil seal Oil seals are widely used, and their — Cautionary points regarding selection —
ack up metal shapes and dimensions are
e T e S o) Shaft surface roughness (reference)
. In this design, a ring-shaped spring A Surface roughness
. Spring is installed in the lip section. As a Penpger?l Y
O sealli result, optimal contact pressure is SlpsEl e Rall 00 Rmax
Q ! eatlip exerted between the lip edge and
S shaft surface, and sealing uo s 08a0Q0O 3.2s
[ n efficiency is good. 5010 0.4ald 00O 1.6s
2 Lip edge 100 0.2a00 0 0.8s
[ When the bearing and oil seal are -
$ in close proximity, the internal Shaft material (reference)
7 clearance of the bearing may be )
reduced by heat produced by the . Machine structural
oil seal. In addition to considering Material | carbon steel, Low carbon
the heat generated by contact alloy steel, Stainless steel
seals at various peripheral speeds, .
— — internal bearing clearances must ﬁur;ace HRC 40 or E!gﬂer ngcgssballw
— — also be selected with caution. ardness | HRC 55 or higher advisable
\ i | i
| i i i Depending on its orientation, the ST Final grinding without
. seal may function to prevent repeat (moving), or buffed
For dust proof For preventing lubricant from leaking out or method aftr;r ha(rd chrcg)]r)ne plating
lubricant leakage foreign matter from getting in.
Allowable speed/temperature according to seal type/material (reference)
Seal type/material periphara e eq MIS] wmmWE Allowable temp °C
Nitrile rubber 16 or less -25 0 +120
Oil seals  Acrylic rubber 26 or less -15 0 +150
Fluorinated rubber 32 or less -30 O +200
Z-seal Nitrile rubber 6 or less -25 0 +120
V-ring Nitrile rubber 40 or less -25 0 +120
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Type Seal construction Name Seal characteristics and selection considerations

Z-seal + This is an example of an axial labyrinth seal which has been combined with a Z-
Labyrinth seal seal to increase its sealing efficiency. The axial labyrinth seal is affixed to the
shaft with a setting bolt or other method. In the diagram on the left, both the
direction of the Z-seal and the labyrinth seal are oriented to keep dust and other
contaminants out of the bearing.

Because a Z-seal has been incorporated, the allowable peripheral speed should
not exceed 6 m/s.

blocks in extremely dusty application conditions.

0

S

o Labyrinth seal This is an example of a combination of three different non-contact seals.

S + QOil groove seal It has the advantage of preventing both lubricant leakage from inside the

g + Slinger bearing and infiltration of dust and other contaminants from the outside. II
g It is widely used on mining equipment and as a sealing system with plummer

o

D

n

Oil groove seal This is an example where an oil groove seal and slinger have been
+ Slinger combined with a Z-seal to increase its sealing efficiency. In the diagram on
+ Z-seal the left, all three seals have been oriented to keep dust and other

contaminants out of the bearing. The combination is widely used on mining
equipment and as a sealing system with plummer blocks in extremely dusty
application conditions.
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13. Bearing Materials

13.1 Raceway and rolling element materials

While the contact surfaces of a bearing's raceways and
rolling elements are subjected to repeated heavy stress, they
still must maintain high precision and rotational accuracy. To
accomplish this, the raceways and rolling elements must be
made of a material that has high hardness, is resistant to
rolling fatigue, is wear resistant, and has good dimensional
stability. The most common cause of fatigue in bearings is
the inclusion of non-metallic impurities in the steel. Non-
metallic inclusion includes hard oxides that can cause fatigue
crack. Clean steel with minimal non-metallic inclusion must
therefore be used.

For all NTN bearings, steel low in oxygen content and non-
metallic impurities, then refined by a vacuum degassing
process as well as outside hearth smelting, is used. For
bearings requiring especially high reliability and long life,
steels of even higher in purity, such as vacuum melted steel
(VIM, VAR) and electro-slag melted steel (ESR), are used.

1) High/mid carbon alloy steel

In general, steel varieties which can be hardened not just
on the surface but also deep hardened by the so-called
"through hardening method" are used for the raceways and
rolling elements of bearings. Foremost among these is high
carbon chromium bearing steel, which is widely used. For
large type bearings and bearings with large cross sectional
dimensions, induction hardened bearing steel incorporating
manganese or molybdenum is used. Also in use is mid-
carbon chromium steel incorporating silicone and
manganese, which gives it hardening properties comparable
to high carbon chromium steel.

Table 13.1 gives chemical composition of representative
high carbon chrome bearing steel that meets JIS standards.
SUJ2 is frequently used. SUJ3 with enhanced hardening
characteristics containing a large quantity of Mn is used for
large bearings. SUJ5 is SUJ3 to which Mo has been added
to further enhance hardening characteristics, and is used for
oversized bearings or bearings with thick walls.

The chemical composition of SUJ2 is equivalent to AISI
52100 (US) and DIN 100Cr6 (Germany).

2) Case hardened (carburizing) steel

Carburizing hardens the steel from the surface to the
proper depth, forming a relatively soft core. This provides
hardness and toughness, making the material suitable for
impact loads. NTN uses case hardened steel for almost all of
its tapered roller bearings. In terms of case hardened steel
for NTN's other bearings, chromium steel and chrome
molybdenum steel are used for small to medium sized
bearings, and nickel chrome molybdenum steel is used for
large sized bearings.

Table 13.2 gives the chemical composition of
representative JIS case hardened steel.

3) Heat resistant bearing steel
When bearings made of ordinary high carbon chromium
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steel which have undergone standard heat treatment are
used at temperatures above 120°C for long durations,
unacceptably large dimensional changes can occur. For this
reason, a dimension stabilizing treatment (TS treatment) has
been devised for very high temperature applications. This
treatment however reduces hardness of the material, thereby
reducing rolling fatigue life. (See item 3.3.2 on page A-18.)

For standard high temperature bearings used at
temperatures from 150°C — 200°C, the addition of silicone to
the steel improves heat resistance and results in a bearing
with excellent rolling fatigue life with minimal dimensional
change or softening at high temperatures.

A variety of heat resistant steels are also incorporated in
bearings to minimize softening and dimensional changes
when used at high temperatures. Two of these are high
speed molybdenum steel and high speed tungsten steel. For
bearings requiring heat resistance in high speed
applications, there is also heat resistant case hardening
molybdenum steel. (refer to Table 13.3)

4) Corrosion resistant bearing steel

For applications requiring high corrosion resistance,
stainless steel is used. To achieve this corrosion resistance
a large proportion of the alloying element chrome is added to
martensite stainless steel. (Table 13.4)

5) Induction hardened steel

Besides the use of surface hardening steel, induction
hardening is also utilized for bearing raceway surfaces, and
for this purpose mid-carbon steel is used for its lower carbon
content instead of through hardened steel. For induction
hardening of the deep layers required for larger bearings and
bearings with large surface dimensions, mid-carbon steel is
fortified with chrome and molybdenum.

6) Other bearing materials

For ultra high speed applications and applications requiring
very high level corrosion resistance, ceramic bearing
materials such as SisN4 are also available.

13.2 Cage materials

Bearing cage materials must have the strength to
withstand rotational vibrations and shock loads. These
materials must also have a low friction coefficient, be light
weight, and be able to withstand bearing operation
temperatures.

For small and medium sized bearings, pressed cages of
cold or hot rolled steel with a low carbon content of approx.
0.1% are used. However, depending on the application,
austenitic stainless steel is also used.

Machined cages are generally used for large bearings.
Carbon steel for machine structures or high-strength cast
brass is frequently used for the cages, but other materials
such as aluminum alloy are also used.
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Tables 13.5 and 13.6 give the chemical composition for also widely used for cages. Polyamide resin reinforced with
these representative cage materials. glass fibers is generally used. Cages made of high-polymer
materials are lightweight and corrosion resistant. They also
Besides high-strength brass, medium carbon nickel, have superior damping and characteristics and lubrication
chrome and molybdenum that has been hardened and performance. Heat resistant polyimide resins now enable
tempered at high temperatures are also used for bearings the production of cages that perform well in
used in aircraft. The materials are often plated with silver to applications ranging between -40°C — 120°C. However,
enhance lubrication characteristics. they are not recommended for use at temperatures
exceeding 120°C.
High polymer materials that can be injection molded are 11

Table 13.1 Chemical composition of representative high carbon chrome bearing steels

Chemical composition (%)

Standard Symbol - Remarks
c Si Mn P S Cr Mo
SuUJ2 0.9501.10 | 0.1500.35 Max. 0.50 Max. 0.025 | Max. 0.025 | 1.300 1.60 Max. 0.08
JIS G 4805 SuUJ3 0.95001.10 | 0.40000.70 | 0.900011.15 | Max.0.025 | Max. 0.025 | 0.900J 1.20 Max. 0.08

SuUJ5 0.9501.10 | 0.4000.70 | 0.90001.15 | Max.0.025 | Max. 0.025 | 0.90001.20 | 0.1000 0.25
ASTM A295 52100 0.98001.10 | 0.150010.35 | 0.25000.45 | Max. 0.025 | Max. 0.025 | 1.3000 1.60 Max. 0.10 | SUJ2 equivalent
Grade 1 | 0.9001.05 | 0.4500.75 | 0.9501.25 | Max.0.025 | Max. 0.025 | 0.900 1.20 Max. 0.10 | SUJ3 equivalent
Grade 3 | 0.9501.10 | 0.1500.35 | 0.65000.90 | Max.0.025 | Max.0.025 | 1.1001.50 | 0.2000 0.30 | SUJ5 equivalent

ASTM A485

Table 13.2 Chemical composition of representative case hardened steel (carburizing steel)

- — 5
Standard S ol Chemical compaosition (%)

c Si Mn B S Ni Cr Mo
JIS G 4104 SCr420 | 0.18000.23 | 0.15000.35 | 0.60000.85 | Max.0.030 | Max. 0.030 = 0.9000 1.20 —
JIS G 4105 SCM420 | 0.18000.23 | 0.1500.35 | 0.6000.85 | Max. 0.030 | Max. 0.030 — 0.900 1.20 | 0.150 0.30

SNCM220| 0.1700.23 | 0.1500.35 | 0.6000.90 | Max.0.030 | Max.0.030 | 0.4000.70 | 0.4000.65 | 0.15010.30
JIS G 4103 SNCM420| 0.1700.23 | 0.1500.35 | 0.4000.70 | Max. 0.030 | Max.0.030 | 1.6002.00 | 0.4000.65 | 0.15010.30
SNCM815| 0.120010.18 | 0.1500.35 | 0.3000.60 | Max.0.030 | Max.0.030 | 4.0004.50 | 0.7001.00 | 0.15010.30

5120 0.17000.22 | 0.15000.35 | 0.70000.90 | Max.0.030 | Max. 0.040 = 0.7000 0.90 —
4118 0.18000.23 | 0.1500.35 | 0.70000.90 | Max.0.030 | Max. 0.040 — 0.400 0.60 | 0.0800.15
ASTM A534 8620 0.18000.23 | 0.1500.35 | 0.70000.90 | Max. 0.030 | Max. 0.040 | 0.40000.70 | 0.40000.60 | 0.1510.25

4320 0.1700.22 | 0.1500.35 | 0.45000.65 | Max.0.030 | Max.0.040 | 1.65002.00 | 0.40000.60 | 0.200J 0.30
9310 0.08010.13 | 0.150010.35 | 0.450010.65 | Max.0.025 | Max. 0.025 | 3.00003.50 | 1.00011.40 | 0.080J 0.15

Table 13.3 Chemical composition of high-speed steel

Chemical composition (%)

Standard - -
C Si Mn P S Cr Mo \Y Ni Cu Co W
6491 (M50) 0.7700.85 | Max.0.25 | Max. 0.35 | Max. 0.015| Max. 0.015 | 3.75004.25| 4.0000 4.50 | 0.9000 1.10 | Max. 0.15 | Max. 0.10 | Max. 0.25 | Max. 0.25
AMS 5626 0.65010.80 | 0.20001 0.40 | 0.2001 0.40 | Max. 0.030 | Max. 0.030 | 3.75004.50 | Max. 1.00 | 0.9000 1.30 — — — 17.25018.25
2315 (M50NiL) |0.1100.15 | 0.1000.25 | 0.150 035 | Max. 0.015 | Max. 0.010 | 4.000] 4.25| 4.000 4.50 | 1.1301.33 | 3.200 3.60 | Max. 0.10 | Max. 0.25 | Max. 0.25

Table 13.4 Chemical composition of stainless steel

- — 5
Standard Symbol : Chemical composition (%)
c Si Mn P S Cr Mo
JIS G 4303 SuUS440C 0.9500 1.20 Max. 1.00 Max. 1.00 Max. 0.040 Max. 0.030 16.000J 18.00 Max. 0.75
AlSI 440C 0.9500 1.20 Max. 1.00 Max. 1.00 Max. 0.040 Max. 0.030 16.000] 18.00 Max. 0.75

Table 13.5 Chemical composition of steel plate for pressed cages and carbon steel for machined cages
Chemical composition (%)

Standard Symbol

© Si Mn P S Ni Cr

JIS G 3141 SPCC = = = = = = —

Pressed JIS G 3131 SPHC — — — Max. 0.050 | Max. 0.050 — —
retainer BAS 361 SPB2 0.13000.20 Max. 0.04 0.25001 0.60 | Max. 0.030 | Max. 0.030 — —

JIS G 4305 | SUS304 | Max. 0.08 Max. 1.00 Max. 2.00 | Max. 0.045 | Max. 0.030 |8.0000 10.50 |18.0000 20.00
Machined retainer | JIS G 4051 S25C 0.22000.28 | 0.1500.35 | 0.3000.60 | Max. 0.030 | Max. 0.035 — —

Table 13.6 Chemical composition of high-strength cast brass for machined cages

Chemical composition (%) Impurities
Cu Zn Mn Fe Al Sn Ni Pb Si
JIS H 5120 CAC301 | 55.00060.0 | 33.00042.0 | 0.101.5 0.5015 0.5015 Max. 1.0 Max. 1.0 Max. 0.4 Max. 0.1

Standard | Symbol
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14. Shaft and Housing Design

Depending upon the design of a shaft or housing, the
shaft may be influenced by an unbalanced load or other
factors which can then cause large fluctuations in bearing
efficiency. For this reason, it is necessary to pay attention
to the following when designing shaft and housing:

1) Bearing arrangement selection; most effective fixing
method for bearing arrangement

2) Selection of shoulder height and fillet radius of
housing and shaft.

3) Shape precision and dimensions of fitting; area
runout tolerance of shoulder.

4) Machining precision and mounting error of housing
and shaft suitable for allowable alignment angle and
inclination of bearing.

Table 14.1 General bearing fixing methods

NTN

14.1 Fixing of bearings

When fixing a bearing in position on a shaft or housing,
there are many instances where the interference fit alone
is not enough to hold the bearing in place. Bearings must
be fixed in place by various methods so that they do not
move axially when placed under load.

Moreover, even bearings which are not subjected to
axial loads (such as cylindrical roller bearings, etc.),
must be fixed in place axially because of the potential
for ring displacement due to shaft deflection by
moment load which may cause damage.

Table 14.1 shows general bearing fixing methods, and
Table 14.2 shows fixing methods for bearings with
tapered bores.

Inner ring clamp Outer ring clamp

Snap ring

—
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The most common method of fixing bearings in place is to use
clamping nuts or bolts to hold the bearing or housing abutment
against the ring end face.

Use of snap rings regulated under JIS B 2804, B 2805, and B 2806,
makes construction very simple. However, interference with
chamfers, bearing installation dimensions, and other related
specifications must be considered carefully.

Snap rings are not suitable for applications requiring high accuracy
and where the snap ring receives large axial loads.

Table 14.2 Fixing methods for bearings with tapered bores

Adapter sleeve mounting Withdrawal sleeve mounting

Split ring mounting

]
|

When installing bearings on cylindrical shafts, adapter sleeves or
withdrawal sleeves can be used to fix bearings in place axially.

The adapter sleeve is fastened in place by frictional force between
the shaft and inner diameter of the sleeve.

For installation of tapered bore bearings directly on tapered shafts,
the bearing is held in place by a split ring inserted into a groove on
the shaft, and is fixed in place by a split ring nut or screw.

A-85
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14.2 Bearing fitting dimensions

14.2.1 Abutment height and fillet radius

The shaft and housing abutment height (h) should be
larger than the bearings' maximum allowable chamfer
dimensions (rs max), and the abutment should be designed
so that it directly contacts the flat part of the bearing end
face. The fillet radius (ra) must be smaller than the
bearing's minimum allowable chamfer dimension (rs min)
so that it does not interfere with bearing seating. Table
14.3 lists abutment height (h) and fillet radius (ra).

For bearings to be applied to very large axial loads as
well, shaft abutments (h) should be higher than the values
in the table.

Table 14.3 Fillet radius and abutment height Unit mm
h (min)
I's min I'as max
Normal use® | Special use®
0.05 0.05 0.3
0.08 0.08 0.3
0.1 0.1 0.4
0.15 0.15 0.6
0.2 0.2 0.8
0.3 0.3 1.25 1
0.6 0.6 2.25 2
1 1 2.75 2.5
1.1 1 35 3.25
1.5 1.5 4.25 4
2 2 5 4.5
2.1 2 6 55
25 2 6 55
3 2.5 7 6.5
4 3 9 8
5 4 11 10
6 5 14 12
7.5 6 18 16
9.5 8 22 20
12 10 27 24
15 12 32 29
19 15 42 38

@ If bearing supports large axial load, the height of the shoulder must
exceed the value given here.

@ Used when axial load is light. These values are not suitable for
tapered roller bearings, angular ball bearings and spherical roller
bearings.

Note: ras max maximum allowable fillet radius.

A-86

NTN

14.2.2 For spacer and ground undercut

In cases where a fillet radius (ra max) larger than the
bearing chamfer dimension is required to strengthen the
shaft or to relieve stress concentration (Fig. 14.1a), or
where the shaft abutment height is too low to afford
adequate contact surface with the bearing (Fig. 14.1b),
spacers may be used effectively.

Relief dimensions for ground shaft and housing fitting
surfaces are given in Table 14.4.
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Fig. 14.1 Bearing mounting with spacer
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Table 14.4 Relief dimensions for ground shaft

Unit mm

Iamin Relief dimensions

b t Ic
1 2 0.2 1.3
1.1 2.4 0.3 15
1.5 3.2 0.4 2
2 4 0.5 25
2.1 4 0.5 25
25 4 0.5 2.5
3 4.7 0.5 3
4 5.9 0.5 4
5 7.4 0.6 5)
6 8.6 0.6 6
7.5 10 0.6 7
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14.2.3 Thrust bearings and fitting dimensions

For thrust bearings, it is necessary to make the raceway
disc back face sufficiently broad in relation to load and
rigidity, and fitting dimensions from the dimension tables
should be adopted. (Figs. 14.2 and 14.3)

For this reason, shaft and abutment heights will be
larger than for radial bearings. (Refer to dimension tables
for all thrust bearing fitting dimensions.)

Fig. 14.2

Fig. 14.3

14.3 Shaft and housing accuracy

Table 14.5 shows the accuracies for shaft and housing
fitting surface dimensions and configurations, as well as
fitting surface roughness and abutment squareness for
normal operating conditions.

Table 14.5 Shaft and housing accuracy

Characteristics Shaft Housing
Dimensional accuracy IT6 (IT5) IT7 (IT5)
Roundness (max.)

Cylindricity IT3 IT4
Abutment squareness IT3 IT3
Fitting Small size bearings 0.8a 1.6a
surface - - -

roughness |Mid-large size bearings 1.6a 3.2a

Note: For precision bearings (P4, P5 accuracy), it is necessary to
increase the circularity and cylindricity accuracies in this table
by approximately 50%. For more specific information, please
consult the NTN precision rolling bearing catalog.
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14.4 Allowable bearing misalignment

A certain amount of misalignment of a bearing's inner
and outer rings occurs as a result of shaft flexure, shaft
or housing finishing irregularities, and minor installation
error. In situations where the degree of misalignment is
liable to be relatively large, self-aligning ball bearings,
spherical roller bearings, bearing units and other
bearings with aligning properties are advisable. Although
allowable misalignment will vary according to bearing
type, load conditions, internal clearances, etc., Table
14.6 lists some general misalignment standards for
normal applications. In order to avoid shorter bearing life
and cage failure, it is necessary to maintain levels of
misalignment below these standard levels.

Table 14.6 Bearing type and allowable misalignment/alignment
allowance

Allowable misalignment

Deep groove ball bearings 1/1,0000 1/300
Angular contact ball bearings

Single row 1/1,000

Multi row 1/10,000

back to back arrangement 1/10,000

Face to face arrangement 1/1,000
Cylindrical roller bearings

Bearing series 2, 3, 4 1/1,000

Bearing series 22, 23, 49, 30 1/2,000
Tapered roller bearings

Single row/back to back arrangement 1/2,000

Face-to-face arrangement 1/1,000
Needle roller bearings 1/2,000
Thrust bearings 1/10,000

excluding
< self-aligning roller>
thrust bearings
Alignment allowance

Self-aligning ball bearings 1/200 1/15
Spherical roller bearings 1/500 1/30
Self-aligning roller thrust bearings 1/30
Ball bearing units

Without cover 1/30

With cover 1/50
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15. Bearing Handling

Bearings are precision parts and, in order to preserve
their accuracy and reliability, care must be exercised in
their handling.

In particular, bearing cleanliness must be maintained,
sharp impacts avoided, and rust prevented.

15.1 Bearing storage

Most rolling bearings are coated with a rust prevent oll
before being packed and shipped, and they should be
stored at room temperature with a relative humidity of
less than 60%.

15.2 Installation

A
rWhen bearings are being installed on shafts or in
housings, the bearing rings should never be struck
directly with a hammer or a drift, as shown in Fig.
15.1, because damage to the bearing may result.
Any force applied to the bearing should always be
evenly distributed over the entire bearing ring
face. Also, when fitting both rings simultaneously,
applying pressure to one ring only, as shown in Fig.
15.2, should be avoided because indentations in the
raceway surface may be caused by the rolling
Qlements, or other internal damage may result. /

Fig. 15.2
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15.2.1 Installation preparations

Bearings should be fitted in a clean, dry work area.
Especially for small and miniature bearings, a "clean
room" should be provided as any contamination particles
in the bearing will greatly affect bearing efficiency.

All dirt, burrs or metal filings must be removed from the
shaft, housing and tools used for mounting the bearings.
Shaft and housing fitting surfaces should also be checked
for roughness, dimensional and design accuracy, and to
ensure that they are within allowable tolerance limits.

Bearings should not be unwrapped until just prior to
installation. Normally, bearings to be used with grease
lubricant can be installed as is, without removing the rust
prevent oil. However, for bearings which will use oil
lubricant, or in cases where mixing the grease and rust
prevent oil would result in loss of lubrication efficiency,
the rust prevent oil should be removed by washing with
benzene or petroleum solvent and dried before
installation. Bearings should also be washed and dried
before installation if the package has been damaged or
there are other chances that the bearings have been
contaminated. Double shielded bearings and sealed
bearings should never be washed.

15.2.2 Installing cylindrical bore bearings

For bearings with relatively small interference, the entire
circumference of the raceway can be uniformly press-fit at
room temperature as shown in Fig. 15.3. Usually,
bearings are installed by striking the sleeve with a
hammer; however, when installing a large number of
bearings, a mechanical or hydraulic press should be
used.

When installing non-separable bearings on a shaft and
in a housing simultaneously, a pad which distributes the
fitting pressure evenly over the inner and outer rings is
used as shown in Fig. 15.4. If the fitting is too tight or
bearing size is large, a considerable amount of force is
required to install the bearing at room temperature.
Installation can be facilitated by heating and expanding
the inner ring beforehand. The required relative
temperature difference between the inner ring and the
shaft depends on the amount of interference and the
shaft fitting surface diameter. Flg. 15.5 shows the relation
between the bearing inner bore diameter temperature
differential and the amount of thermal expansion. In any

' Pressure
distribution

pad

Fig. 15.3 Fitting sleeve
pressure against
inner ring

Fig. 15.4 Fitting sleeve pressure
against inner /outer
ring simultaneously
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Fig. 15.5 Temperature required for heat-fitting inner ring

event, bearings should never be heated above 120°C.

The most commonly used method of heating bearings is
to immerse them in hot oil. This method must not be used
for sealed bearings or shield bearings with grease sealed
inside.

To avoid overheating parts of the bearings they should
never be brought into direct contact with the heat source,
but instead should be suspended inside the heating tank
or placed on a wire grid.

If heating the bearing with air in a device such as a
thermostatic chamber, the bearing can be handled while
dry.

For heating the inner rings of NU, NJ or NUP cylindrical
and similar type bearings without any ribs or with only a
single rib, an induction heater can be used to quickly heat
bearings in a dry state (must demagnetize).

When heated bearings are installed on shafts, the
inner rings must be held against the shaft abutment
until the bearing has been cooled in order to prevent
clearance between the ring and the abutment face.

As shown in Fig. 15.6, a removal pawl, or tool, can also
be used to dismount the inner ring when using the
induction heating method described above.

15.2.3 Installation of tapered bore bearings

Small type bearings with tapered bores are installed
over a tapered shaft, withdrawal sleeves, or adapter
sleeves by driving the bearing into place using a locknut.
The locknut is tightened using a hammer or impact
wrench. (Fig. 15.7)

Large size bearings require considerable fitting force
and must be installed hydraulically.

In Fig. 15.8 the fitting surface friction and nut tightening
torque needed to install bearings with tapered bores
directly onto tapered shafts are decreased by injecting

A-89

Removal pawl

T
HHHE

[
T

Fig. 15.6 Removal of inner ring using an induction heater

=5

I

=

a) Installation on tapered bore b) Installation with adapter sleeve
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c) Installation using withdrawal sleeve

Fig. 15.7 Installation methods using locknuts

Fig. 15.8 In

stallation utilizing oil injection
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a) Installation on tapered shaft

b) Installation with adapter sleeve

c) Installation with withdrawal sleeve

Fig. 15.9 Installation using hydraulic nut

high pressure oil between the fitting surfaces.

Fig. 15.9 a) shows one method of installation where a
hydraulic nut is used to drive the bearing onto a tapered
shaft.

Fig. 15.9 b) and c) show installation using a hydraulic
nut with adapter sleeves and withdrawal sleeves.

Fig. 15.10 shows an installation method using a
hydraulic withdrawal sleeve.

With tapered bore bearings, as the inner ring is driven
axially onto the shaft or adapter or withdrawal sleeve, the
interference will increase and the bearing internal radial
clearance will decrease. Interference can be estimated by
measuring decrease in internal radial clearance. As
shown in Fig. 15.11, the internal radial clearance
between the rollers and outer ring of spherical roller
bearings should be measured with a thickness gauge
under no load while the rollers are held in the correct
position. Instead of using the decrease in amount of
internal radial clearance to estimate the interference, it is
possible to estimate by measuring the distance the
bearing has been driven onto the shatft.

For spherical roller bearings, Table 15.1 indicates the
appropriate interference which will be achieved as a
result of the internal radial clearance decrease, or the
distance the bearing has been driven onto the shaft.

For conditions such as heavy loads, high speeds, or
when there is a large temperature differential between the
inner and outer rings, etc. which require large interference
fits, bearings which have a minimum internal radial
clearance of C3 or greater should be used. Table 15.1
lists the maximum values for internal radial clearance
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Fig. 15.10 Installation using hydraulic withdrawal sleeve
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Fig. 15.11 Internal clearance measurement method for
spherical roller bearings

decrease and axial displacement. For these applications,
the remaining clearance must be greater than the
minimum allowable residual clearance listed in Table 15.1.

15.2.4 Installation of outer ring

Even for tight interference fits, the outer rings of small
type bearings can be installed by driving them into
housings at room temperature. For large interference type
bearings, the housing can be heated before installing the
bearing, or the bearing's outer ring can be cooled with dry
ice, etc. before installing. If dry ice or other cooling agent
is used, atmospheric moisture will condense on bearing
surfaces, and therefore appropriate rust preventative
measures are necessary.

15.3 Internal clearance adjustment

As shown in Fig. 15.12, for angular contact ball
bearings and tapered roller bearings the desired amount
of axial internal clearance can be set at the time of
installation by tightening or loosening the adjustment nut.

To adjust the suitable axial internal clearance or amount
of bearing preload, the internal clearance can be
measured while tightening the adjusting nut as shown in
Fig. 15.13. Other methods are to check rotation torque by
rotating the shaft or housing while adjusting the nut, or to
insert shims of the proper thickness as shown in Fig.
15.14.
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Table 15.1 Installation of tapered bore spherical roller bearings

Units mm
Nominal bearing Reduction of radial Axial displacement drive up Minimum allowable
bore diameter internal clearance residual clearance
d Taper, 1:12 Taper, 1:30
over incl. Min Max Min Max Min Max CN C3 C4
30 40 0.02 0.025 0.35 0.4 O0 O 0.015 0.025 0.04
40 50 0.025 0.03 0.4 0.45 O O 0.02 0.03 0.05
50 65 0.03 0.035 0.45 0.6 O O 0.025 0.035 0.055
65 80 0.04 0.045 0.6 0.7 O O 0.025 0.04 0.07
80 100 0.045 0.055 0.7 0.8 1.75 2.25 0.035 0.05 0.08
100 120 0.05 0.06 0.75 0.9 1.9 2.25 0.05 0.065 0.1
120 140 0.065 0.075 11 1.2 2.75 3 0.055 0.08 0.11
140 160 0.075 0.09 12 14 3 3.75 0.055 0.09 0.13
160 180 0.08 0.1 1.3 1.6 3.25 4 0.06 0.1 0.15
180 200 0.09 0.11 14 17 35 4.25 0.07 0.1 0.16
200 225 0.1 0.12 1.6 1.9 4 4.75 0.08 0.12 0.18
225 250 0.11 0.13 1.7 2 4.25 5) 0.09 0.13 0.2
250 280 0.12 0.15 1.9 2.4 4.75 6 0.1 0.14 0.22
280 315 0.13 0.16 2 2.5 5 6.25 0.11 0.15 0.24
315 355 0.15 0.18 24 2.8 6 7 0.12 0.17 0.26
355 400 0.17 0.21 2.6 3.3 6.5 8.25 0.13 0.19 0.29
400 450 0.2 0.24 3.1 3.7 7.75 9.25 0.13 0.2 0.31
450 500 0.21 0.26 3.3 4 8.25 10 0.16 0.23 0.35
500 560 0.24 0.3 3.7 4.6 9.25 11.5 0.17 0.25 0.36
560 630 0.26 0.33 4 5.1 10 12.5 0.2 0.29 0.41
630 710 0.3 0.37 4.6 5.7 11.5 14.5 0.21 0.31 0.45
710 800 0.34 0.43 5.3 6.7 13.3 16.5 0.23 0.35 0.51
800 900 0.37 0.47 5.7 7.3 14.3 18.5 0.27 0.39 0.57
900 1,000 0.41 0.53 6.3 8.2 15.8 20.5 0.3 0.43 0.64
1,000 1,120 0.45 0.58 6.8 8.7 17 225 0.32 0.48 0.7
1,120 1,250 0.49 0.63 7.4 9.4 18.5 24.5 0.34 0.54 0.77

-
N

Fig. 15.12 Axial internal clearance adjustment

=

Fig. 15.13 Measurement of axial internal clearance adjustment

Fig. 15.14 Internal clearance adjustment using shims
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15.4 Post installation running test

To insure that the bearing has been properly installed, a
running test is performed after installation is completed.
The shaft or housing is first rotated by hand and if no
problems are observed low speed, no load power test is
performed. If no abnormalities are observed, the load
and speed are gradually increased to operating
conditions. During the test if any unusual noise,
vibration, or temperature rise is observed the test
should be stopped and examine the equipment. If
necessary, the bearing should be disassembled for
inspection.

To check bearing running noise, the sound can be
amplified and the type of noise ascertained with a
listening instrument placed against the housing. A clear,
smooth and continuous running sound is normal. A high,
metallic or irregular sound indicates some error in
function. Vibration can be accurately checked with a
vibration measuring instrument, and the amplitude and
frequency characteristics measured guantitatively.

Usually the bearing temperature can be estimated from
the housing surface temperature. However, if the bearing
outer ring is accessible through oil inlets, etc., the
temperature can be more accurately measured.

Under normal conditions, bearing temperature rises
with operation time and then reaches a stable operating
temperature after a certain period of time. If the
temperature does not stable and continues to rise, or if
there is a sudden temperature rise, or if the temperature
is extremely high, the bearing should be inspected.

15.5 Bearing disassembly

Bearings are often removed as part of periodic
inspection procedures or during the replacement of other
parts. However, the shaft and housing are almost always
reinstalled, and in more than a few cases the bearings
themselves are reused. These bearings, shafts, housings,
and other related parts must be designed to prevent
damage during disassembly procedures, and the proper
disassembly tools must be employed. When removing
raceways with interference, pulling force should be
applied to the raceway only. Do not remove the
raceway through the rolling elements.

15.5.1 Disassembly of bearings with cylindrical bores

For small type bearings, the pullers shown in Fig. 15.15
a) and b) or the press method shown in Fig. 15.16 can be
used for disassembly. When used properly, these
methods can improve disassembly efficiency and prevent
damage to bearings.

To facilitate disassembly procedures, attention should
be given to planning the designs of shafts and housings,
such as providing extraction grooves on the shaft and
housing for puller claws as shown Figs. 15.17 and 15.18.
Threaded bolt holes should also be provided in housings
to facilitate the pressing out of outer rings as shown in
Fig. 15.19.

| 11

ad

b0

Fig. 15.15 Puller disassembly

Groove

Fig. 15.17 Extracting grooves

Groove

Fig. 15.18 Extraction groove for outer ring disassembly
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Large bearings, installed with tight fits, and having been
in service for a long period of time, will likely have
developed fretting corrosion on fitting surfaces and will
require considerable dismounting force. In such
instances, dismounting friction can be reduced by
injecting oil under high pressure between the shaft and
inner ring surfaces as shown in Fig. 15.20.

For NU, NJ and NUP type cylindrical roller bearings, the
induction heating unit shown in Fig. 15.6 can be used to
facilitate removal of the inner ring by means of thermal
expansion. This method is highly efficient for frequent
disassembly of bearings with identical dimensions.

Fig. 15.19 Outer ring disassembly bolt

Hydraulic
pressure

O/—\
L

Hydraulic
pressure

Fig. 15.20 Removal by hydraulic pressure

A-93

15.5.2 Disassembly of bearings with tapered bores

Small bearings installed using an adapter are removed
by loosening the locknut, placing a block on the edge of
the inner ring as shown in Fig. 15.21, and tapping with a
hammer. Bearings which have been installed with
withdrawal sleeves can be disassembled by tightening
down the lock nut as shown in Fig. 15.22.

For large type bearings on tapered shafts, adapters, or
withdrawal sleeves, disassembly is greatly facilitated by
hydraulic methods. Fig. 15.23 shows the case where the
bearing is removed by applying hydraulic pressure on the
fitting surface of a bearing installed on a tapered shaft.

Reinforcing plate

Fig. 15.21 Disassembly of bearing with adapter

==
)l

Fig. 15.22 Disassembly of bearing with withdrawal sleeve

Reinforcing plate

—

e

Fig. 15.23 Removal of bearing by hydraulic pressure
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Fig. 15.24 shows two methods of disassembling
bearings with adapters or withdrawal sleeves using a
hydraulic nut. Fig. 15.25 shows a disassembly method
using a hydraulic withdrawal sleeve where high pressure
oil is injected between fitting surfaces and a nut is then
employed to remove the sleeve.

fes )

a) Disassembly of adapter sleeve

b) Disassembly of withdrawal sleeve

fig. 15.24 Disassembly using hydraulic nut

Fig. 15.25 Disassembly using hydraulic withdrawal sleeve

A-94

15.6 Bearing maintenance and inspection

In order to get the use the bearing to its full potential
and keep it in good working condition as long as possible,
maintenance and inspections should be performed. Doing
so will enable early detection of any problems with the
bearing.

This will enable you to prevent bearing failure before it
happens, and will enhance productivity and cost
performance.

The following measures are often taken as a general
method of maintaining and managing bearings.

Maintenance management requires inspection items
and frequency for performing routine inspections be
determined according to the importance of the device or
machine.

15.6.1 Inspection of machine while running

The interval for replenishing and replacing lubricant is
determined by a study of lubricant nature and checking
the bearing temperature, noise and vibration.

15.6.2 Observation of bearing after use

Take note of any problem that may appear after the
bearing is used or when performing routine inspections,
and take measures for preventing reoccurrence of any
damage discovered. For types of bearing damage and
countermeasures for preventing damage, see section 16.
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16. Bearing Damage and Corrective Measures

If handled correctly, bearings can generally be used for
a long time before reaching their fatigue life. If damage
occurs prematurely, the problem could stem from
improper bearing selection, handling or lubrication. In this
occurs, take note of the type of machine on which the
bearings is used, the place where it is mounted, service

conditions and surrounding structure. By investigating
several possible causes surmised from the type of
damage and condition at the time the damage occurred, it
is possible to prevent the same kind of damage from
reoccurring. Table 16.1 gives the main causes of bearing
damage and remedies for correcting the problem.

Table 16.1 Bearing damage, main causes of bearing damage and remedies for correcting the problem

Description

Flaking

Surface of the raceway and rolling elements peels away in flakes
Conspicuous hills and valleys form soon afterward.

® Excessive load, fatigue life, improper
handling

® I[mproper mounting.

® |mproper precision in the shaft or housing.

® Insufficient clearance.

® Contamination.

® Rust.

® Improper lubrication

® Drop in hardness due to abnormally
high temperatures.

sasne)

® Select a different type of bearing.

® Reevaluate the clearance.

® Improve the precision of the shaft and
housing.

® Review application conditions.

® [mprove assembly method and
handling.

® Reevaluate the layout (design) of the
area around the bearing.

® Review lubricant type and lubrication methods.

uol19a.1I0)

Seizure
Eventually the bearing will seize up.

The bearing heats up and becomes discolored.

® |nsufficient clearance (including
clearances made smaller by local
deformation).

® |nsufficient lubrication or improper
lubricant.

® Excessive loads (excessive preload).

® Skewed rollers.

® Reduction in hardness due to
abnormal temperature rise

sasne)

® Riview lubricant type and quantity.

® Check for proper clearance.
(Increase clearances.)

® Take steps to prevent misalignment.

® Review application conditions.

® [mprove assembly method and
handling.

uol98.1I0)

Cracking and
notching

Localized flaking occurs.
Little cracks or notches appear.

® Excessive shock loads.

® Improper handling (use of steel hammer,
cutting by large particles of foreign matter)

® Formation of decomposed surface
layer due to improper lubrication

® Excessive interference.

® L arge flaking.

® Friction cracking.

® Imprecision of mounting mate
(oversized fillet radius)

sasne)

® Review lubricant (friction crack
prevention).

® Select proper interference and review
materials.

® Review service conditions.

® Improve assembly procedures and
take more care in handling.

uol199.110)
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Table 16.1 Bearing damage, main causes of bearing damage and remedies for correcting the problem

Description

Cage damage

Rivets break or become loose resulting in cage damage.

sasne)

® Excessive moment loading.

® High speed or excessive speed
fluctuations.

® Inadequate lubrication.

® Impact with foreign objects.

® Excessive vibration.

® Improper mounting. (Mounted
misaligned)

uoloalIo)

® Reevaluation of lubrication conditions.

® Review of cage type selection.

e Investigate shaft and housing rigidity.

® Review service conditions.

e Improve assembly method and
handling.

Rolling path
skewing

Abrasion or an irregular, rolling path skewing left by rolling
elements along raceway surfaces.

W LV

sasne)

® Shaft or housing of insufficient
accuracy.

® Improper installation.

@ nsufficient shaft or housing rigidity.

® Shaft whirling caused by excessive
internal bearing clearances.

uoidalIo)

® Reinspect bearing’s internal
clearances.

® Review accuracy of shaft and housing
finish.

® Review rigidity of shaft and housing.

Smearing and
scuffing

The surface becomes rough and some small deposits form.
Scuffing generally refers to roughness on the race collar and the
ends of the rollers.

sasne)

® [nadequate lubrication.

® Entrapped foreign particles.

® Roller skewing due to a misaligned
bearing.

® Bare spots in the collar oil film due to
large axial loading.

® Surface roughness.

® Excessive slippage of the rolling
elements.

uol19alio)

® Reevaluation of the lubricant type and
lubrication method.

® Bolster sealing performance.

® Review preload.

® Review service conditions.

® Improve assembly method and
handling

Rust and corrosion

The surface becomes either partially or fully rusted, and occasionally
rust even occurs along the rolling element pitch lines.

sasne)

® Poor storage conditions.

® Poor packaging.

® |nsufficient rust inhibitor.

® Penetration by water, acid, etc.
® Handling with bare hands.

uoll19alio)

® Take measures to prevent rusting
while in storage.

® Periodically inspect the lubricating oil.

® Improve sealing performance.

® Improve assembly method and
handling.
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Table 16.1 Bearing damage, main causes of bearing damage and remedies for correcting the problem

Description

Fretting There are two types of fretting. In one, a rusty wear powder forms
on the mating surfaces. In the other, brinelling indentations form
on the raceway at the rolling element pitch.

o [nsufficient interference.

® Small bearing oscillation angle.

® |nsufficient lubrication.(unlubricated)

® Fluctuating loads.

® Vibration during transport, vibration
while stopped.

sasnen

IT

® Select a different kind of bearing.

® Select a different type of lubricant.

® Review the interference and apply a
coat of lubricant to fitting surface.

® Pack the inner and outer rings
separately for transport.

uonoalIo)

Wear The surfaces wear and dimensional deformation results. Wear is
often accompanied by roughness and scratches.

o

Electrolytic Pits form on the raceway.
corrosion The pits gradually grow into ripples.

Dents and Scoring during assembly, gouges due to hard foreign objects, and

scratches surface denting due to mechanical shock. ©® Entrapment of foreign objects.
® Bite-in on the flaked-off side.

® Dropping or other mechanical shocks
due to careless handling.
® Assembled misaligned.

® Entrapment of foreign particles in the
lubricant.

® [nadequate lubrication.

® Skewed rollers.

sasne)

® Review lubricant type and lubrication
methods.

® Improve sealing performance.

® Take steps to prevent misalignment.

uolioal1I0)

® Electric current flowing through the
rollers.

sasne)

® Create a bypass circuit for the current.
® |nsulate the bearing.

uoloalIo)

sasne)

® Improve handling and assembly
methods.

® Bolster sealing performance.
(measures for preventing foreign
matter from getting in)

® Check area surrounding bearing.
(when caused by metal fragments)

uol93alI0)
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Table 16.1 Bearing damage, main causes of bearing damage and remedies for correcting the problem

Description

Creeping Surface becomes mirrored by sliding of inside and outside diameter

surfaces. May by accompanied by discoloration or score. ® Insufficient interference in the mating

section.
® Sleeve not fastened down properly.
® Abnormal temperature rise.
® Excessive loads.

.8

sasnen

® Reevaluate the interference.

® Reevaluate usage conditions.

® Review the precision of the shaft and
housing.

® Raceway end panel scuffing

uonoalIo)

Speckles and Luster of raceway surfaces is gone; surface is matted, rough, and / or
discoloration evenly dimpled. Surface covered with minute dents.

o Infiltration of bearing by foreign matter.
® |nsufficient lubrication.

sasne)

® Reevaluation of lubricant type and
lubrication method.

® Review sealing mechanisms.

® Examine lubrication oil purity. (filter
may be excessively dirty, etc.)

uolnoalIo)

Peeling Patches of minute flaking or peeling (size, approx. 10pu m).
Innumerable hair-line cracks visible though not yet peeling.

(This type of damage frequently seen on roller bearings.) o Infiltration of bearing by foreign matter.

® |nsufficient lubrication.

sasne)

® Reevaluation of lubricant type and
lubrication method.

® Improve sealing performance. (to
prevent infiltration of foreign matter)

® Take care to operate smoothly.

uoioalIo)
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17.1 Deep groove ball bearing radial internal clearances and axial internal clearances
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Fig. 17.1.1 Series 68 radial internal/axial internal clearances
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Fig. 17.1.2 Series 69 radial internal/axial internal clearances
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Fig. 17.1.3 Series 60 radial internal/axial internal clearances
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Fig. 17.1.4 Series 62 radial internal/axial internal clearances

17.2 Angular contact ball bearing axial load and axial displacement
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Fig. 17.2.1 Series 79 C axial load and axial displacement
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Fig. 17.2.2 Series 79 axial load and axial displacement
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[ This data is based on typical dimensions. NTN do not guarantee at this data.
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Fig. 17.2.3 Series 70 C axial load and axial displacement
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Fig. 17.2.4 Series 70 axial load and axial displacement
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Fig. 17.2.5 Series 70 B axial load and axial displacement
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17.3 Tapered roller bearing axial load and axial displacement 17.4 Allowable axial load for ball bearings
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interference Ad derived from the measured valued for the

17.5 Fitting surface pressure bearing bore diameter and shaft. This difference is due to

Table 17.5.1 lists equations for calculating the pressure the roughness or variations of the finished surfaces to be
and maximum stress between fitting surfaces. fitted, and therefore it is necessary to assume the

Table 17.5.2 can be used to determine the approximate following reductions in effective interference:
average groove diameter for bearing inner and outer
rings. For ground shafts: 1.0 0 2.5y m

The effective interference, in other words the actual For lathed shafts : 5.0 0 7.0y m

interference Adetf after fitting, is smaller than the apparent

Table 17.5.1 Fitting surface pressure and maximum stress

Fit conditions Equation Codes (units: NI kgfl] mm)
d : Shaft diameter, inner ring
Solid steel shaft/ _E Adeft d bore diameter -
inner ring fit P= Py d 1- (F ) do : Hollow shaft inner ﬁ
' diameter l’*ﬁ'
Di  :Innerring average groove °5 -
; o a
Fitting , , dlame_ter _ | ‘ ‘
surface Hollow steel shaft/ _ E Adet 0 1-(d/Di) [ 1-(do/ d) O Adeft : Effective interference
pressure inner ring fit P= 2 Ad 01-(do/D)’0 E : Elasticity factor

= 208,000 MPaO 21,200 kgf / mm?0

D :Housing inner diameter,
bearing outer diameter

MPa Steel housing/ . E Aveii 01 - (Do/ D)2 M1-Mm/ Dh)2 O Do :OQuter rig_g avetrage } ‘
outer ring fit - 2 groove diameter <
O kgf / mm’0] 9 2 D 01-(De/Dry D Dn : Housing outer diameter D‘ D‘

—Do

Avpett : Effective interference

2
; 1+ (d/Di) Inner ring bore diameter face maximum
Maximum i finge] - 1
e Shaft / inner ring fit| O :tmax =P 1_(d/ DY e e el s

MPa Housing/ 2 outer ring i i i
— g inner diameter face maximum
Okgf/mm’Dl outer ring fit QRimecets 1—(Do/ D) tangential stress

Table 17.5.2 Average groove diameter (approximate expression)

Average groove diameter
Bearing type

Inner ring ( Di) Outer ring ( Do)
Deep groove 4c|7+D ﬂ
ball bearings | Alltypes | 1.05 . 0.95 -
Cylindrical 3d+D d+3D
roller bearings®| Al types | 1.05 . 0.98 .
Spherical 2d+D ﬂ
roller bearings | Al YPes B 0.97 .

d: Inner ring bore diameter mm D: Outer ring outer diameter mm
@ Average groove diameter values shown for double-flange type.
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kgfimm? Mg kgimm? 17.6 Necessary press fit and pullout force
i} @ igg 20 Equations (17.1) and (17.2) below can be used to
o 3% 19 calculate the necessary pullout force for press fit for inner
2 oba o6 410510 rings and shafts or outer rings and housings.
3 r \te - 1 4 For shaft and inner rings:
2 il s sols D Ka=p OPOTOAIB oo (17.1)
g | ks S = For housing and outer rings:
a f 7% Ko=p OPOTMODIB covvveeeviee e (17.2)
2ol " is 042 = Where, 11
E 03l 3 N Ka : Inner ring press fit or pullout force NO kgf[l
Pm ool 2 w041 o Kb : O_u;er ring press fit or pullout force NI kgf(
P : Fitting surface pressure MPal kgf/mm?2[]
5J05 (Refer to Table 17.5.1)
01" 176 30 50 70 100 200 300 500 d : Shaft diameter, inner ring bore diameter mm
Nominal bearing bore diameter (Class 0) mm D : Housing inner diameter, outer ring outer

Fig. 17.5.1 Average fit interference as it relates to surface . diameter mm . .
pressure Pm and max. stress o t max B : Inner or outer ring width

M : Sliding friction coefficient (Refer to Table 17.6.1)

kgf/mm?2 \mp. . - L. -
glO 100 e ] g(";‘ikg“fémm2 Table 17.6.1 Press fit and pullout sliding friction coefficient
- 300 1 30
© ol s 13512 Type H
= | 200 20
@ 4L 40 E . ) s
K ol 4150 {15 & Inner (outer) ring press fit onto cylindrical shaft (bore) 0.12
g pé. e % Inner (outer) ring pullout from cylindrical shaft (bore) 0.18
S 2ra 06 = c Inner ring press fit onto tapered shaft or sleeve 0.17
3 k'sls = g Inner ring pullout from tapered shaft 0.14
o 1l 10 o5 5045 % Sleeve press fit onto shaft/bearing 0.30
= E 4094 = Sleeve pullout from shaft/bearing 0.33
[ L 303
Pm 05~ 5 20| 2
[ O tmax
03[ 3
azl 2 10-1

20 30 50 70 100 200 300 500
Nominal bearing bore diameter (Class 0) mm

Fig. 17.5.2 Maximum fit interference as it relates to surface
pressure Pm and max. stress o t max

@ For recommended fitting, see page A-50.
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Precision Shaft

Couplings

In the simplest of terms

a coupling's purpose is to
transfer rotational movement
from one shaft to another.
Reality is somewhat more
complicated, though, as flexible
shaft couplings have also to
compensate for misalignment
between the two shafts. This
ability must be balanced with
the need to be pliable in the
planes of misalignment while
still having the torsional
strength to carry out the
coupling's main function. This
is known as the Compliance
Mechanism where compliance
is the capacity for allowing
relative displacement.

Several factors should always
be taken into consideration
when looking to specify flexible
shaft couplings. These are
torsional stiffness, backlash,
torque, life and attachment
system. All of these have a
bearing on coupling selection.

TORSIONAL STIFFNESS
This is the measure of resistance
to torsional rotation in the
coupling, and in applications
such as closed loop velocity

and motion control systems it
needs to be high. Whereas in
systems where the transmission
is subject to shock loads, the
coupling requires a low torsional
stiffness, sometimes referred to
as torsional dampinag.

BACKLASH

The free play between input
and output shafts is commonly
referred to as backlash. If
rotation is constant then
backlash has little impact.
However, if the system requires
changes in rotational direction,
a dwell is created which in high-
speed, short cycle applications
can create noise and instability.
In open-loop systems backlash
will also cause loss of accuracy.
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INTRODUCTION TO COUPLINGS

TORQUE

A coupling's torque capacity
can be defined in several ways
including nominal torque,
reversing torque and peak
torque. As far as Huco's products
are concerned a coupling's
capacity to transfer rotation
under load is qualified by its
peak torque rating. This figure
is determined through Huco's
testing procedures and is the
maximum reversing torque
applied over at least one
million cycles without loss of
performance. More information
on Torque can be found on
page 14

LIFE

The life expectancy of any
flexible coupling is dependent
on the individual application.
Therefore, published
performance values, which are
based on extensive simulations,
are intended as a guide. For
instance, where perfect shaft
alignment is the case, a coupling
can sustain its peak torque value
almost indefinitely. However,
where misalignment extends
beyond the recommended

limits, failure can be induced in
disc, bellows and helical beam
couplings, while wear will be
accelerated in universal joints
and displacement couplings.
Aluminium beam-type couplings
will always have a finite fatigue
limit when an alternating load

is applied.

3

IT

ATTACHMENT SYSTEMS
The simplest and most cost-
effective method of attaching

a coupling to a shaft is to use
set screws which locate on
flats or dimples on the shaft.
Clamps may also be used and
have the advantage that as the
shaft diameter increases so
does traction. For high integrity
drive systems a key and keyway
system should be employed.
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I Misalignment

Misalignment, or the variance
between the intended position and
attitude of two shafts, is normally
the result of manufacturing
tolerances, and quantifying
misalignment is crucial when

II

Fig.1-10 Sources of misalignment

Fig.1 Perpendicularity of shaft
axis to mounting datum

»

(7, o4

7 ]

Fig.2 Parallelism of mounting
faces

Fig.3 Parallism of shaft axis to
mounting datum

Fig.4 Angular alignment of
mounting surfaces

seeking to specify the correct
coupling. As the misalignment
increases, the transmissible
torque and life expectancy of the
coupling reduce exponentially.
Therefore, understanding the
nature and origins of
misalignment is important to

Fig.5 Concentricity of shaft axis
and locating register

jSi==ia

Fig.6 Concentricity of counter
bores. Clearances in locating
registers

Fig.7 Distance of shaft axis to
mounting datum

Fig.8 Planar alignment of
mounting surfaces

you as a design engineer.

The main types of misalignment
are angular, radial, and axial
displacement.

Factors that influence
misalignment include thermal
imbalances, wear, settlement and
creep, and the influence of the
last of these can, without correct
maintenance, increase during the
life of the coupling.

When determining alignment,
measurements should always be
taken when the system is cold
and again when it is at operating
temperature. Consideration
should also be given to the class
of tolerance being used in the
assembly of the individual items.
For example, the output shaft
of a reduction gearbox with a
die-cast housing with unmachined
mounting faces and clearance
holes for location purposes has a
greater possibility for misalignment,
than a face-mounted servo motor
with machined registers.

Fig.9 Shaft run-out

Fig.10 Axial Displacement
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PREDICTING
MISALIGNMENT
By prediction we really mean
verifying the worst-case
misalignment in any given
situation, so as to be certain
that the correction capability
of the coupling is adequate. In
essence shaft misalignment
has three components: parallel;
angular; and radial - each
being three-dimensional. The
following explanation and the
accompanying graphics should
help in clarifying this situation.
In simple terms a shaft with
angular error describes a cone
when it is rotated, and while
mating shafts can converge
and intersect on the critical
plane it is unlikely. This gives
rise to radial error, which is at
its maximum when the axes
are tangentially opposed on the
sphere diameter

[ »| critical

plane

reference
datum

IT

Fig.11 Worst case angular misalignment = 0L 4+

[ » critical
plane

reference | !
datum = - - — -
i | | |
I i

Fig.12 Maximum radial error=r

o P
critical /\\J
plane
| /\
reference s

datum /

reference
datum
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Fig.14 Worst case radial error ry = p3+r
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Selecting the
ideal coupling

The choice of couplings
available to today's engineers
can be daunting, but follow
our guidelines and you

will arrive at the optimum
coupling for your particular
application.

@ Does the coupling provide
adequate misalignment
protection?

® Con it transmit the load
torque?

® Do/ need axial motion or axial
stiffness?

@ Conitsustain the required
speed of rotation?

@ Will it fit within the available
space envelope?

@ Can itoperate at the

designated ambient
temperature?

@ Does it provide torsional
stiffness required for
positional accuracy?

@ Does it provide electrical
isolation between the shafts?

® Willit have the required life
expectancy?

Effective radial error

L B g Datum

E—-T

Fig.15 Effective radial error.

MISALIGNMENT
COMPENSATION AND
AXIAL MOTION

The ability to deal with
misalignment and axial
motion differentiates a flexible
coupling from a simple rigid-
type coupling. The particular
mechanism used — bellows,
membrane, flexible beam or
sliding disc — determines the
performance characteristic
of the coupling, including its
tolerance of misalignment or
axial motion.

For instance, sliding disc and
universal/lateral couplings can
tolerate large misalignments,
but at the cost of having their
backlash-free life reduced.
Bellows-type couplings, can
absorb a high degree of axial
motion but with a possible
reduction in misalignment
capacity. Membrane couplings,
however, can be damaged
beyond repair if axial motion
exceeds the coupling's
specification. That said, they can
withstand large misalignments
with little or no reduction in life
expectancy.

Where misalignment is
incidental, in other words
caused simply by manufacturing
tolerances, a more realistic
measure is the effective
radial error. This is the radial
distance between the shafts'
axes measured midway along
the length of the coupling.
Sometimes called the composite
error, this can be crucial
when determining a value
for the maximum permissible
misalignment.

Axial motion is often created
as a result of axial clearances in
the shaft bearings, or through
thermal expansion. While it
is usual to absorb this with a
suitable coupling, it may, in some
cases, be more beneficial to resist
the motion, particularly if it has
a positioning function. Couplings
such as the universal/lateral
type can be useful in such
circumstances.

Flexible couplings are
designed to protect shaft
support bearings from
destructive radial and thrust
loads arising from misalignment
and axial motion. In effect, all
couplings resist these properties;
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therefore, the conclusion is

that those with least resistance
will better protect the bearings.
Figure 16 compares the radial
bearing loads of some of the
most popular couplings based
on a nominal outside diameter
of 25 mm, with the exception of
the jaw coupling where a 30 mm
diameter has been used.

LOAD TORQUE, INERTIA
AND TORSIONAL
STIFFNESS

In applications where couplings
are used to drive frictional loads,
for example, pumps, shutter
doors and machinery, etc., the
coupling's torsional stiffness
is not a major factor as the
angular synchronisation of the
shafts is not an issue. However,
when resonance is a problem,
it is possible to reduce the
coupling's torsional stiffness and
so avoid conflict with the natural
resonance of the machine.

This does not apply when
the loads are inertial; typically
position and velocity control
systems where registration of
input and output shafts is critical
throughout the operating cycle.
In these applications the three
elements of motor, coupling
and load combine to create a
resonant system. The frequency
of this system is controlled
by the load inertia and the
coupling's torsional stiffness.
Increasing the inertia, or lowering
the torsional stiffness, results in
a lower resonant frequency.

Huco couplings

Jaw coupling

Load (Newtons)

Huco-Oldham

Uni-Lat

0 0.1 0.2 0.3 0.4 0.5 0.6

Radial deflection (mm)

Fig.16

Best
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In order to control a
resonant system you must
work well below its resonant
frequency. For example, imagine
supporting a weight on an
elastic band. You can control
the weight's vertical movement
if you move your hand slowly.
Increase the speed and the
weight barely moves.

Therefore, to improve
responsiveness you require
less elasticity or you need to
reduce the weight. If you now
substitute the elastic band with
a coupling and the weight with
an inertial load, you have an
analogy of an inertial system.

To summarise, when the
emphasis is on performance,
you require a stiffer coupling in
order to reduce settling times,
improve positional accuracy and
raise the upper limit of dynamic
performance.

Torsional deflection (the
inverse of torsional stiffness)
for a number of the most
popular couplings, based on a
nominal outside diameter of 25
mm, with the exception of the
jaw coupling where a 30 mm
diameter has been used.

Selection
criteria -
which coupling
does what?

FLEXIBLE SHAFT
COUPLINGS

Flexible shaft-type couplings
compensate for radial and
angular misalignment though
the flexure of a varying

number of compliant elements.

This type of coupling includes
the multi-stage bellows,
helical beam and radial slit
concepts.

Points to bear in mind:

1) The greater the number
of elements, the greater
the angular and radial
misalignment capacity
and the lower the torsional
stiffness.

2) The forces required to effect
compliance are broadly
proportional to the torsional
stiffness. The stiffer the
coupling in torsion, the higher
the resulting bearing loads.

MEMBRANE (DISC)
COUPLINGS

Thin pressed spring steel
membranes act as the pivotal
media in disc couplings. These
are attached alternately to the
drive and driven members, and
provide flex to compensate
for misalignment. Any torque
is resolved to simple tensile
stresses in the opposing
segments of the membranes,
which are free of residual
stresses as no secondary
forming operations are
involved in their manufacture.

Another advantage of this
type of coupling is their near-
infinite life and dynamically
balanced construction, making
them suitable for applications
where high rotational speed
and high-level motion
integrity are required. Typical
applications include closed
loop servo systems in machine
tools, robots, scanners,
centrifuges, turbines and
dynamometers. When selecting
a disc coupling, the user can
specify modified spring rates,
longer/shorter intermediate
members and either keywayed
or ‘D' bore.
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BELLOWS

The characteristics of the
bellows coupling can be
modified by varying the number
and/or the wall thickness of the
convolutions of the bellows.
This type of coupling generally
has high torsional stiffness

and may be used in any drive
system where high levels of
motion integrity are essential.
Typical applications include
encoder drives in closed-loop
servo systems. Coupling options
include modified spring rates,
along with keywayed and ‘D’
bores.

TWO-STAGE BELLOWS

As opposed to the multi-stage
bellows, the two-stage version,
as the name implies, has only
two convolutions. Removing the
additional convolutions has the
effect of increasing torsional
stiffness. By virtue of this benefit
this type of coupling has limited
misalignment capacity and

is, therefore, ideally suited to
high precision, high-resolution
applications. These include

main axis drives in closed loop
velocity and position control
systems, encoders, resolvers and
tachogenerators. Options include
keywayed and ‘D' bores.

IT

FLEXIBLE BEAM
COUPLINGS

The beam coupling is made
from one piece of material
achieving its flexibility in all
three modes; angular, radial and
axial, by means of a slot or slots
machined through the wall of
the material. Most commonly,
the slots are machined helically
around the circumference of the
coupling. Straight radial slots
are also sometimes used.

Helical beam couplings
may have one two or three
start helices, a three-start helix
providing the highest level of
torsional stiffness and hence
signal accuracy.

Even higher torsional
stiffness can be achieved with
straight radial beams, however,
this is at the expense of radial
and angular flexibility.

As with other types of
coupling, increased radial
compliance is achieved by
joining together two flexible
coupling 'stages' separated by
a spacer.
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PLASTIC DOUBLE
LOOP COUPLINGS

This type of coupling uses

a moulded plastic element
permanently swaged to steel or
stainless steel hubs to form an
effective two-stage coupling
with exceptional flexibility

in all three modes. Ideal for
transmitting rotation in small
drives, this type of coupling
works without any friction,
wear or noise, although its low
torsional stiffness makes it
less suitable for high precision
positioning applications.

JAW COUPLINGS

Most commonly used to provide
some flexibility and misalignment
compensation in high power
transmission systems, the jaw
type coupling achieves its
flexibility by means of a plastic
element sandwiched between
metal hubs. If the hubs are not

in true alignment the element
deforms to accommodate

this difference. Flexibility is
somewhat limited as the plastic
is compressed, storing energy

like a spring, which creates a

high resistive force that can
cause excessive radial loads to be
transmitted to the shaft bearings.

Points to bear in mind:

1) The greater the distance
between the pivotal planes
(see figure 17 right),
the greater the radial
misalignment capacity.

2) Torsional stiffness reduces
marginally depending on the
length and stiffness of the
intermediate member.

3) Angular misalignment capacity

cannot be increased beyond
the coupling’s basic capability,
irrespective of the distance
between pivotal planes.

LATERAL DISPLACEMENT
COUPLINGS

By using an intermediate
member that slides in a plane
perpendicular to the axis of
rotation, lateral displacement
couplings accommodate

both radial and angular
misalignment. By virtue of its
orbital motion the coupling
aligns one hub, then the
other: in effect, straddling
the misalignment. The use of
a mechanical sliding contact
means that quite large

radial errors — which are
proportionate to the coupling's
diameter — can be overcome
without the penalty of a long
coupling.

=

Fig.17 Two single-stage couplers
locate a fully-floating shaft on a
stable axis of rotation.

176



SELECTING THE IDEAL COUPLING

THE OLDHAM

This three-part coupling
transmits rotation through a
central plastic disc that slides
over the tenons on the hubs
under controlled pre-load

to eliminate backlash. The

disc can be manufactured

from a variety of engineering
polymers to suit many different
applications. These range from
the incremental control of fluid
valves to positional systems in
machine tools, robots and slide
tables. They can also be applied
to microstepper and closed
loop servo systems and, to a
lesser extent, half and full step
motor drives. They are available
with keywayed or 'D' bores in
through bore types, and also
with radiation and heat resistant
torque discs and free running
discs (no pre-load)

THE UNI-LAT

To combat angular and radial
misalignment this coupling type
combines the sliding mechanism
of the Oldham (see above)
with the pivotal action of the
universal joint. The process uses
a series of integral pins engage
a pair of injection moulded
annular rings that feature
controlled pre-load to eliminate
backlash. The main features of
the UNI-LAT are the generous
angular and radial misalignment
capacity, along with the fact that
they are electrically isolating.
The application area for these
couplings is found in general
purpose, light-duty stepper (half
and full step) encoder, resolver
and tachogenerator drives, and
light pull/push duties. Normally
supplied with ‘D' bores, the UNI-
LAT can also have other features
machined into the hubs.

UNIVERSAL JOINTS

Universal joint couplings use
a mechanical pivotal action
controlled by radial bearings.
In the case of the Huco-Pol
range, these couplings are
injection moulded in Acetal
and benefit from controlled
pre-load to eliminate backlash.
This type of coupling has a
large offset capacity, along
with good torsional damping,
water resistance and the added
benefit of being lubrication-free.
Universal couplings are ideal
general-purpose units used
typically in light-duty drives in
the food, textile, paper handling
and packaging environments.
Connection options include
gears, pulleys, square, keyways
and hexagonal bores, and ‘D’
bores with spring clips and with
non-pre-loaded bearings.
Cardan couplings also use a
two-stage pivotal action with
defined fulcrums to handle radial
and angular misalignment.
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Selecting for true angular

misalignment

Fig.18 A semi-floating shaft located by a self -aligning bearing at one

end should be supported with a single-stage coupling at the other.

Fig.19 Two single-stage couplings locate a fully-floating shaft on a

stable axis of rotation.

The common causes of true
angular misalignment are when
one of the connected shafts

is compliantly mounted; for
example, when it is located by a
self-aligning bearing (See figure
18). Alternatively, it could be that
an unsupported intermediate
shaft is placed between the driver
and the load (See figure 19).

Because the shafts are not
mounted conventionally, they
will self-align to intersect at the
centre of the coupling, which
acts as a hinge and, to a degree,
a radial bearing. As the coupling
is locating the shafts on a stable
axis of rotation, it should be of
the single-stage type
due to the fact

Fig.20 A semi-floating shaft located by a self-aligning bearing at
one end and a multi-stage bellows at the other. The coupling reacts
to fluctuating tension in the belt by allowing lateral oscillations in

the shaft.

that any radial compliance in the
coupling is counter-productive.

While couplings based on
the flexible shaft can be used
in these circumstances, there
is a possibility that the coupled
system may go into lateral
oscillation. This is best described
by visualising the effect of a belt
and pulley drive mounted on
the compliant shaft. Having a
lateral compliance capacity, the
coupling responds to fluctuating
tension in the belt by allowing
lateral oscillation of the shaft
(See figure 20).

The shafts in figure 18 are
described as semi-floating, while
those in figure 19 are fully-
floating. This is an important
point as under no circumstances
should a coupling with lateral
displacement be used with
floating shafts. The reason is
that this type of coupling has no
self-centring action and its use
would allow the shafts to orbit
in an uncontrolled way.

Couplings capable of
@ overcoming true
angular misalignment
include the single
universal joint with its capacity
to handle large offsets, torsional
damping, water resistance and
lubrication-free operation.
Single-stage disc couplings
are also ideal, thanks to their
near-infinite life and built-in
dynamically balanced properties.
Similarly, single-stage bellows
with their high torsional stiffness
are a good choice in this
application.
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Selecting
for zero
misalignment

Zero misalignment can be
achieved by assembling both
shafts in self-aligning bearings
(See figure 21). In this way both
shafts can float into concentric
relationships, allowing the use
of a solid coupling which simply
supports the shaft in perfect
alignment.
Difficulties arise when
attempting to connect fixed
axis shafts in this
way, as the level of
alignment is difficult
to both achieve and
maintain, due to settlement,
creep, thermal expansion and
contraction. The influence
of these factors results in
relative movement between
the shafts and the alignment
achieved in the factory may
not be achievable ‘in the field:
Therefore, a flexible coupling is
always the preferred option.
Before installing a solid
coupling an interesting test is to
try a flexible coupling first. With
the machine at normal operating
temperature measure the
speed and/or the current drawn
by the motor. The difference
between these readings and
those with the solid coupling
indicate the losses generated
by the additional friction at the
bearings.

Alignment error

Fig.21 Shafts located by self-aligning bearings can float into perfect
alignment for connection with a solid coupling.

Longitudinal, or axial, shaft
displacement can either be
intentional or unintentional. The
movements due to tolerances,
settlement and thermal
expansion or contraction

cause the latter. While these
movements maybe small, they
can contribute to substantial
thrust loads and result in
bearing damage. In these cases
a coupling with axial compliance
capacity should be selected,
predominantly bellows, sliding
disc or even helical beam. Multi-
stage bellows create the greatest
amount of axial compliance while
the single-stage disc or bellows
provides the smallest amount of
axial compliance.

For intentional shaft
displacement, such as push/pull
systems or those with extensible
drives where the distance

between actuator and load is ; D—
variable, a teleshaft coupling r

such as the HUCO-POL

ISelecting for axial compliance

should be used. This embodies
precision-drawn nesting tubes
manufactured from square-
section brass that can be cut to
the appropriate length to provide
a wide range of axial movement.
This ability to customise the
length of the coupling means
they can be tailored to required
length of stroke.

In push/pull situations the
coupling should be capable of
resisting the corresponding
forces. These values are
listed under ‘end loading' for
mechanical couplings and
‘axial spring rate’ for flexural
couplings. Another option is the
Oldham de-mountable, three-
part coupling. By mounting
the hubs slightly out of full
engagement, a limited amount
of axial compliance is created.

179




IT

“uml functional, reliable, quality assured components

TORQUE
Torque is the angular force needed
to overcome the resistance of
a load. Rotating loads have
both a frictional and an inertial
component, and are classified
according to whichever dominates.
For example, the resistance
encountered by a pump delivering
fluid is a frictional load as the
inertial part is secondary, assuming
that the pump runs continuously
at a steady speed. The total
application torque comprises the
frictional plus inertial elements.
If the pump runs at a constant
speed, it produces a uniform load
and the required power would be
given in kW or HP. The kW rating is
related to torque by the following
formula: torque Nm = kW x 9550
divided by revs per min.

Conversely, a ball-mounted
slide table, typified by short
cycles of rapid acceleration and
deceleration in both directions of
rotation, will have inertial loads
as the predominant factor. These
will determine the reversing
torque factor of the coupling.

To be more precise, the
maximum torque experienced
by the coupling may be dictated
by whether braking is applied
by the load or the motor. In
the following diagrams (fig 22,
23, 24) the arrows indicate the
direction of the angular forces
due to acceleration, deceleration
or braking.

Once the maximum torque in

I Selecting for torque capacity

the system is known, the selection
of the correct coupling can be
made by relating it to the Peak
Torque Rating. This can be found
in the relevant table in the Huco
catalogue. The coupling should

be selected using the following
formula: peak torque = application
torque x service factor.

Note: The service factor for a
non-uniform load is 2. A lower
or higher service factor can be
incorporated, depending on the
service life required.

In the case of Huco couplings,
the peak torque rating relates
to the static reversing torque
load sustained for a minimum
of one million cycles under test
conditions (zero misalignment).

Motor

Coupling

Load

Fig.22 Mode: motor accelerates load. Torque 'seen’ by coupling = load
inertia + frictional resistance of load.

Motor

Coupling

Load

Fig.23 Mode: Supply to motor discontinued, braking applied to load.
Torque 'seen’ by coupling = motor inertia - motor drag.

——

Motor

Coupling

—

Load

Fig.24 Mode: Motor decelerates load. Torque 'seen’ by coupling (in
opposite direction) = load inertia - frictional resistance of load. The
coupling ‘sees’ this as a torque reversal although the direction of

rotation is unchanged.
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Selecting for torsional

stiffness

Torsional stiffness may be
expressed in several different
units, but the most common
and easiest to work with is
Nm/rad. Often described as
torque per unit deflection,
torsional stiffness is significant
in positional systems and
describes a coupling's
resistance to torsional
deflection.

Torsional deflection is the
inverse of torsional stiffness
and is defined by deflection
per unit torque. This also has
many denominations but is
best expressed in degrees/
Nm. The conversion tables
at the back of this booklet
allow conversion from other
denominations.

When used in a closed loop

or velocity control system a
coupling's torsional stiffness
becomes more critical and
forms a contributory factor

in calculating the upper limit
of dynamic performance and
stability. Therefore, the stiffness
of a coupling should be such
that its torsional resonance
frequency exceeds 300 - 600
Hz, depending on dynamics.
Stiffness is at its most critical
when load inertia is dominant
and becomes less so when that
dominance swings in the motor's
favour. (See figure 34)

Fig.34 The formulae for
torsional stiffness and
resonant frequency are:

Cr = (FRx 2 )2

(")
Im J 11

FRz 1 1 + 1
2Tt)i/jK/|- IXCT

Where

Cr = torsional stiffness
(Nm/rad);

I\ = motor inertia (kgm?);

FR =resonant frequency (Hz);

J| =load inertia (kgm?)
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Selecting for
cost, duty and

life expectancy

The couplings manufactured
by Huco fall into two
classifications: mechanical
and flexural. The former work
through sliding contact, while
the latter rely on the flex of
the constituent material. The
pertinent issues relating to
cost, duty and life expectancy
are given below.

Oldham or Uni-Lat
couplings should be
considered when:

1. Cost is the paramount
consideration

2. The backlash-free life
requirement is within the
coupling's backlash-free life
expectancy or backlash can
be tolerated

3. The coupling is expected to
transmit only incremental or
periodic rotation

4. The duty is 50% or less, i.e. the
coupling is stationary for half
of the time or more

5. Radial misalignment is severe
and the available space is
limited

6. Radial misalignment is
difficult to predict or maintain

7. Slight torsional damping is
beneficial

8. Athree-piece coupling
is advantageous. With
the Oldham coupling the
drive can be connected/
disconnected with the hubs
in place. The wear element is
renewable

9. Electrical isolation of shafts
is required

10. The coupling is required to
transmit longitudinal motion

(push/pull)

Bear in mind that Uni-Lats
have a more pronounced
damping characteristic, lower
torque capacity and generally
run more quietly than Oldham
couplings. They also have a

o 5
®

Y

greater angular misalignment
capacity, though this is only
useable at low speeds.

Oldham-type couplings,
though, are more robust and
the replaceable wear element
can be supplied in both heat
and radiation resistant plastics.
The hubs on the standard series
are blind bored to a controlled
depth, while the X-Y series
couplings have through bores
and have two-three times the
backlash-free life. Torque discs
are solid but can be specified
with a bore to allow the passage
of a shaft, although this will
reduce the torsional stiffness of
the coupling.

Both Uni-Lat and Oldham
general-purpose couplings are
suitable for position control.
Specifically Uni-Lats are better
suited to full and half step motor
drives and Oldhams are suited to
micro-stepper and closed loop
systems.
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Huco-Flex disc, bellows
or multi beam couplings
should be considered
when:

1. Torsional stiffnessis a
critical parameter

2. The backlash-free life
requirement is beyond the
capacity of the Oldham or
Uni-Lat

3. Speeds are typically higher
than 3000 revs/min

4. Rotation is continuous or the
duty-cycle exceeds 50%

5. Acoupling with axial
compliance is required to
protect fragile bearings from
thrust load

6. There is little risk of the
alignment errors exceeding
prescribed limits during initial
installation or on subsequent
replacement of the motor,
encoder, etc.

7. The environmental conditions
favour an all metal coupling

{i\

Although the life expectancy
of the Huco-Flex bellows
coupling is not as high as the
comparable Huco-Flex disc
coupling, size for size it offers
the highest torsional stiffness

ratio and provides a high level
of translation accuracy. This
makes the bellows-type coupling
ideally suited to intermittent
applications.

Huco-Flex disc couplings have
a greater reliability and near
infinite life when used within
their torque and misalignment
ratings. They also provide a high
level of translational accuracy
and their spring rates can be
modified through varying the
number and thickness of the
stainless steel membranes.

However users must be aware
that couplings designed around
a flexural system can fail with
little or no warning, causing
immediate loss of drive. The

cause of these failures is due
mainly to metal fatigue caused
by sustained flexure above the
coupling's recommended torque
and compliance factors.

Failure in mechanical
couplings is more subjective and
useful life can vary depending
on individual applications.

For instance, in zero backlash
applications the coupling is

deemed to have failed as soon as

backlash is in evidence. In other
applications the failure threshold
may be 2 degrees of backlash.

IT
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Fig.35 Apply the following tables to equate operating hours with total revolutions at varying

speeds of rotation
QT T T N BT
60 278 hrs 2,778 hrs 27,778 hrs 277,778 hrs
100 167 1,667 16,667 166.667
II 250 67 667 6,667 66,667
500 33 333 3,333 33,333
1000 17 167 1667 16,667
1500 1 111 1,111 11,1
2000 8.3 83 833 8,333
3000 5.6 56 556 5,556
4000 4.2 42 417 4,167
5000 3.3 33 333 3,333
7500 2.2 22 222 2,222
10000 1.7 17 167 1,667

Fig.36 Revolutions per number of operating hours

m 1000 hrs 2000 hrs 4000 hrs 6000 hrs

60
100
250
500

1000
1500
2000
3000
4000
5000
7500
10000

3.6 x 1086
6 x 1086
1.5 x 107
3 x 107
6 x 107
9 x 107
1.2 x 108
1.8 x 108
2.4 x 108
3 x 108
45 x 108
6 x 108

7.2 x 106
1.2 x 107
3 x 107
6 x 107
1.2 x 108
1.8 x 108
2.4 x 108
3.6 x 108
4.8 x 108
6 x 108
9x 108
1.2 x 109

1.4 x 107
2.4 x 107

6 x 107
1.2 x 108
2.4 x 108
3.6 x 108
4.8 x 108
7.2 x 108
9.6 x 108
1.2 x 109
1.8 x 109
2.4 x 109

2.2 x 107
3.6 107
9 x 107
1.8 x 108
3.6x 108
5.4 x108
7.2 x 108
1.1 x 109
1.4 x 109
1.8 x 109
2.7 X109
3.6 x 109
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Tubing Selection

Proper selection, handling, and installation of tubing, when
combined with proper selection of Swagelok® tube fittings, are
essential to reliable tubing systems.

The following variables should be considered when ordering
tubing for use with Swagelok tube fittings:

= Surface finish
= Material

= Hardness

= Wall thickness.

Tubing Surface Finish

Many ASTM specifications cover the above requirements, but
they often are not very detailed on surface finish. For example,
ASTM A450, a general tubing specification, reads:

11. Straightness and Finish

11.1 Finished tubes shall be reasonably straight and have
smooth ends free of burrs. They shall have a workmanlike
finish. Surface imperfections (Note) may be removed by
grinding, provided that a smooth curved surface is maintained,
and the wall thickness is not decreased to less than that
permitted by this or the product specification. The outside
diameter at the point of grinding may be reduced by the amount
so removed.

Note: An imperfection is any discontinuity or irregularity found
in the tube.

Tubing Material

Our suggested ordering instructions for each type of tubing are

shown under the respective tables.

www.swagelok.com

Tubing Outside Diameter Hardness

The key to selecting proper tubing for use with metal
Swagelok tube fittings is that the tubing must be softer
than the fitting material. Swagelok tube fittings are designed
to work properly with the tubing that is suggested in the
ordering instructions.

Most misunderstandings about tubing hardness are in the area
of stainless steel tubing. Swagelok stainless steel tube fitti:gi
have been repeatedly tested successfully with tubing with

hardness up to Vickers 200 (HV) and 90 HRB.

Although such tubing hardness is permissible and Swagelok
tube fittings will perform satisfactorily on such tubing, we
suggest that, whenever possible, you specify

m 180 HV (metric) and
= 80 HRB (fractional)

maximum when ordering tubing. Such tubing lowers installed
cost because it is more easily bent and installed. Tubing
installers should be particularly careful when installing harder
tubing, ensuring that the fitting is installed according to the
installation and gaugeability instructions in the Swagelok
Gaugeable Tube Fittings and Adapter Fittings catalog.

Tubing Wall Thickness

The accompanying tables show working pressure ratings of
tubing in a wide range of wall thicknesses. Except as noted,
allowable pressure ratings are calculated from S values as
specified by ASME B31.3, Process Piping.

Swagelok tube fittings have been repeatedly tested in both the
minimum and maximum wall thicknesses shown.

Swagelok tube fittings are not recommended for tube wall
thicknesses outside the ranges shown in the accompanying
tables for each size.

Tubing Handling

Good handling practices can greatly reduce scratches on

tubing and protect the good surface finish that reliable tube

manufacturers supply.

= Tubing should never be dragged out of a tubing rack or
across a rough surface.

= Tube cutters or hacksaws should be sharp. Do not take
deep cuts with each turn of the cutter or stroke of the saw.

= Tube ends should be deburred. This helps to ensure that
the tubing will go all the way through the ferrules without
damaging the ferrule sealing edge.

Swoo
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2 Tubing Data

Gas Service

Gases (air, hydrogen, helium, nitrogen, etc.) have very small
molecules that can escape through even the most minute leak
path. Some surface defects on the tubing can provide such a
leak path. As tube outside diameter (OD) increases, so does
the likelihood of a scratch or other surface defect interfering
with proper sealing.

The most successful connection for gas service will occur if all
installation instructions are carefully followed and the heavier wall
thicknesses of tubing on the accompanying tables are selected.

A heavy wall tube resists ferrule action more than a thin wall tube,
allowing the ferrules to coin out minor surface imperfections. A
thin wall tube offers less resistance to ferrule action during
installation, reducing the chance of coining out surface defects,
such as scratches. Within the applicable suggested allowable
working pressure table, select a tube wall thickness whose
working pressure is outside of the shaded areas.

Tubing Installation

—

SWAG Tube OD

~

Required straight tube
length (see table)

R Radius of tubing bend

Tubing properly selected and handled, when combined with the
quality of Swagelok fittings, will give you leak-tight systems.
Properly installed on such tubing, Swagelok fittings provide
reliable service under a wide variety of fluid applications.

When installing fittings near tube bends, there must be a
sufficient straight length of tubing to allow the tube to be
bottomed in the Swagelok fitting (see tables).

For maximum assurance of reliable performance, use
Swagelok tube fittings assembled in accordance with catalog
instructions, and use properly selected and handled high-
quality tubing—such as provided by Swagelok.

Fractional, in. Metric, mm

T T
Tube OD Lo Tube OD Lo
1/16 1/2 3 19
1/8 23/32 6 21
3/16 3/4 8 23
1/4 13/16 10 25
5/16 718 12 31

3/8 15/16 14

1/2 13/16 15
32

5/8 16

11/4

3/4 18

718 15/16 20
34

1 11/2 22
11/4 2 25 40
11/2 2 13/32 28 46
2 31/4 30 50
[ Required straight tube length. 32 54
38 63
50 80

Hydraulic Swaging Unit

When installing carbon steel or stainless steel Swagelok tube
fittings over 1 in. (25 mm), a Swagelok hydraulic swaging unit
must be used. This unit provides sufficient pre-swaging of the
ferrules onto the tubing for 1 1/4, 1 1/2 and 2 in. and 28, 30, 32,
38, and 50 mm Swagelok tube fittings. Ask your authorized
Swagelok sales and service representative for a demonstration.

Suggested Allowable Pressure Tables

Figure and tables are for reference only. No implication is made
that these values can be used for design work. Applicable codes
and practices in industry should be considered. ASME Codes
are the successor to and replacement of ASA Piping Codes.

= All pressures are calculated from equations in ASME B31.3,
Process Piping. See factors for calculating working
pressures in accordance with ASME B31.1, Power Piping.

Swasd
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m Calculations are based on maximum OD and minimum wall
thickness, except as noted in individual tables.

Example: 1/2 in. OD X 0.035 in. wall stainless steel tubing
purchased to ASTM A269:

OD Tolerance = 0.005 in. /Wall Thickness +10 %

Calculations are based on 0.505 in. OD X 0.0315 in. wall
tubing.

= No allowance is made for corrosion or erosion.



Tubing Data 3

Suggested Allowable Working Pressure for Carbon Steel Tubing

Table 1—Fractional Carbon Steel Tubing

Allowable working pressures are calculated from an S value of 15 700 psi (108 200 kPa) for ASTM A179 tubing at —20 to 100°F
(=28 to 37°C), as listed in ASME B31.3. Multiply carbon steel rating by 0.75 for working pressure in accordance with ASME B31.1.

Tube Wall Thickness, in.

Tube | 0-028 | 0.035 [ 0049 | 0065 | 0083 | 0.095 | 0.109 | 0.120 | 0.134 | 0.148 | 0.165 | 0180 | 0220 | gyagelok
oD Working Pressure, psig Fitting
in. Note: For gas service, select a tube wall thickness outside of the shaded area. (See Gas Service, page 2.) Series
1/8 8000 |10 200 200

3/16 5100 6 600 9600 300
1/4 3700 4 800 7000 9600 400
5/16 3700 5500 7500 500
3/8 3100 | 4500 | 6200 600]
1/2 2 300 3200 4500 5900 810
5/8 1 800 2600 3500 4600 5300 1010
3/4 2100 2900 3700 4300 5100 1210
718 1800 2400 3200 3700 4300 1410

1 1500 2100 2700 3200 3700 4100 1610

11/4 1 600 2100 2500 2900 3200 3600 4000 4600 5000 2000

11/2 1800 2000 2400 2600 2900 3300 3700 4100 5100 2400
2 1500 1700 1900 2100 2400 2700 3000 3700 3200

Suggested Ordering Information

High-quality, soft annealed seamless carbon steel hydraulic tubing ASTM A179 or equivalent. Hardness 72 HRB (130 HV) or less.
Tubing to be free of scratches, suitable for bending and flaring.

Table 2—Metric Carbon Steel Tubing

Allowable working pressures are based on equations from ASME B31.3 for DIN 2391 tubing, using a stress value of 1130 bar
(16 400 psi) and tensile strength of 3400 bar (49 300 psi).

Tube Wall Thickness, mm
Tube | 08 | 10 [ 12 [ 15 | 18 | 20 | 22 | 25 | 28 | 30 [ 35 | 40 | 45 |gyagelok

oD Working Pressure, bar Fitting
mm Note: For gas service, select a tube wall thickness outside of the shaded area. (See Gas Service, page 2.) Series

3 630 790 3M0

6 290 370 460 590 6M0

8 270 330 430 8M0
10 210 260 330 10M0
12 170 210 270 330 380 420 12M0
14 150 180 230 280 320 350 14M0
15 140 170 210 260 290 330 15M0
16 130 150 200 240 270 300 350 16M0
18 140 170 210 240 270 310 18MO0
20 120 160 190 210 240 270 310 20MO0
22 110 140 170 190 210 240 280 22M0
25 100 120 150 170 180 210 240 260 25M0
28 150 160 190 210 230 270 28M0
30 140 150 170 200 210 250 30MO0
32 130 140 160 180 200 230 270 32M0
38 120 130 150 160 190 230 260 38MO0

Suggested Ordering Information

High-quality, soft annealed carbon steel tubing to DIN 2391 or equivalent. Hardness 130 HV (72 HRB) or less. Tubing to be free of
scratches, suitable for bending or flaring.
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4 Tubing Data

Suggested Allowable Working Pressure for Stainless Steel Tubing

Table 3—Fractional Stainless Steel Seamless Tubing

Allowable working pressures are calculated from an S value of For Welded Tubing
20 000 psi (137 800 kPa) for ASTM A269 tubing at —20 to 100°F  For welded and drawn tubing, a derating factor must be
(28 to 37°C), as listed in ASME B31.3, except as noted. applied for weld integrity:

Multiply stainless steel rating by 0.94 for working pressure in

- = for double-welded tubing, multiply pressure rating by 0.85
accordance with ASME B31.1.

= for single-welded tubing, multiply pressure rating by 0.80.

Tube Wall Thickness, in.

Tube | 0.010[0.012 [0.014 | 0.016 | 0.020 [0.028 | 0.035 | 0.049 | 0.065 | 0.083 |0.0950.109 [0.120 [ 0.134 ] 0.156 | 0.188 | syagelok
oD Working Pressure, psig Fitting
in. Note: For gas service, select a tube wall thickness outside of the shaded area. (See Gas Service, page 2.) Series

1/16 | 5600 | 6800 | 8100 | 9400 |12 000 100
1/8 8500 |10 900 200

3/16 5400 | 7 000|10 200 300
1/4 4000 | 5100 7500|10 200U 400

5/16 4 000| 5800| 8000 500
3/8 3300| 4800 6500 |[75000 600
1/2 2600( 3700 5100 |6700 810
5/8 2900| 4000 |5200 6000 1010
3/4 2400 3300 |4200 4900 | 5800 1210
718 2000| 2800 |3600 4200 | 4800 1410

1 2400 |3100 3600 | 4200 | 4700 1610
11/4 2400 2800 | 3300 | 3600 | 4100 | 4900 2000
11/2 2300 | 2700 | 3000 | 3400 | 4000 | 4900 2400

2 2000 | 2200 | 2500 | 2900 | 3600 3200

[J Rating based on repeated pressure testing of the Swagelok tube fitting with a 4:1 design factor based upon hydraulic fluid leakage.
O For higher pressures and tubing with heavier wall thicknesses, see the Swagelok High-Pressure Fittings catalog.

Suggested Ordering Information

Fully annealed, high-quality (Type 304, 316, etc.) (seamless or welded and drawn) stainless steel hydraulic tubing ASTM A269 or
A213, or equivalent. Hardness 80 HRB (180 HV) or less. Tubing to be free of scratches, suitable for bending and flaring.

Note: Certain austenitic stainless tubing has an allowable ovality tolerance double the OD tolerance and may not fit into Swagelok
precision tube fittings.

Table 4— Tube Wall Thickness, mm
Metric Stainless Steel 08[10[12[15[18[20]22] 25 [28[30[35][40][45][50
Seamless Tubing Tube Working Pressure, bar Swagelok
Allowable worki_ng pressures are noqu?] Note: For gas service, sezgcgeaGtL;t;eSvZ?\llliihé?Ig;egses;;Jt&de of the shaded area. ;gtr:r;g
based on equations from ASME 3 670 Mo
B31.3 for EN ISO 1127 tubing 6 310 1220 520 710 SN0
(D4, T4 tolerance for 3 to 5 310 T390 1520 Mo
12 mm; D4, T3 tolerance 14 to
50 mm), using a stress value of 10 240 | 300 | 400 | 510 | 580 10MO
1370 bar (20 000 psi) and 12 200 | 250 | 330 | 410 | 470 12M0
tensile strength of 5170 bar 14 160 | 200 | 270 | 340 | 380 | 430 14M0
(75 000 psi), except as noted. 15 150 | 190 | 250 | 310 | 360 | 400 15M0
Multiply stainless steel rating by 16 170 | 230 | 290 | 330 | 370 | 400U 16M0
0.94 for Working pressure in 18 150 | 200 | 260 | 290 | 320 370 18M0
accordance with ASME B31.1. 20 140 | 180 | 230 | 260 | 290 | 330 | 380 20MO0
. 22 120 | 160 | 200 | 230 | 260 | 300 | 340 22MO0
For Welded Tmeg 25 180 | 200 | 230 | 260 | 290 | 320 25M0
For welded and drawn tubing, a  ["g 180 | 200 | 230 | 260 | 280 | 330 28M0
derating factor must be applied 30 170 | 180 | 210 | 240 | 260 | 310 30MO
for weld integrity: _ 32 160 | 170 | 200 | 220 | 240 | 290 | 330 32M0
= for double-welded tubing, 38 140 | 160 | 190 | 200 | 240 | 270 | 310 38M0
multiply pressure rating by 0.85 50 150 180 1210 (240 | 270 | 50M0

= for single-welded tubing,
multiply pressure rating by 0.80.

[ Rating based on repeated pressure testing of the Swagelok tube fitting with a 4:1 design factor based upon hydraulic
fluid leakage.

Suggested Ordering Information

Fully annealed, high-quality (Type 304, 316, etc.) stainless steel tubing to EN ISO 1127 or equivalent. Hardness 180 HV (80 HRB) or
less. Tubing to be free of scratches, suitable for bending or flaring.
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Suggested Allowable Working Pressure for Copper Tubing

Table 5—Fractional Copper Tubing

Allowable working pressures are calculated from an S value of 6000 psi (41 300 kPa) for ASTM B75 tubing at —20 to 100°F (-28
to 37°C), as listed in ASME B31.3.

Tube Wall Thickness, in.
0.028 | 0.035 | 0.049 | 0.065 | 0.083 | 0.095 | 0.109 | 0.120 | 0.134

Tube Working Pressure, psig Swagelok
0D Note: For gas service, select a tube wall thickness outside of the Fitti_ng
n. shaded area. (See Gas Service, page 2.) Series
1/8 2700 | 3600 200
3/16 1800 | 2300 | 3400 300
1/4 1300 | 1600 | 2500 | 3500 400
5/16 1300 | 1900 | 2700 500
3/8 1000 | 1600 | 2200 600 I
1/2 800 | 1100 | 1600 | 2100 810
5/8 900 | 1200 | 1600 | 1900 1010
3/4 700 | 1000 | 1300 | 1500 | 1800 1210
718 600 800 | 1100 | 1300 | 1500 1410

1 500 700 900 | 1100 | 1300 | 1500 1610
11/8 600 800 | 1000 | 1100 | 1300 | 1400 | 1810

Suggested Ordering Information

Fractional—high-quality, soft annealed seamless copper tubing ASTM B75 or equivalent. Also soft annealed (Temper O) copper
water tube, type K or type L to ASTM B88.

Suggested Allowable Working Pressure for Aluminum Tubing

Table 6—Fractional Aluminum Tubing

Allowable working pressures are calculated from an S value of 14 000 psi (96 500 kPa) for ASTM B210, Type 6061-T6 tubing at
—20 to 100°F (-28 to 37°C), as listed in ASME B31.3. Multiply aluminum rating by 0.75 for working pressure in accordance with
ASME B31.1.

Tube Wall Thickness, in.
0035 | 0049 | 0.065 0083 | 0.095
Tube Working Pressure, psig Swagelok
oD Note: For gas service, select a tube wall thickness outside of Fitting
in. the shaded area. (See Gas Service, page 2.) Series
1/8 8600 200
3/16 5600 8000 300
1/4 4000 5900 400
5/16 3100 4600 500
3/8 2600 3700 600
1/2 1900 2700 3700 810
5/8 1500 2100 2900 1010
3/4 1700 2400 3100 1210
718 1500 2000 1410
1 1300 1700 2300 2700 1610

Suggested Ordering Information
High-quality aluminum alloy drawn seamless tubing ASTM B210 (Type 6061-T6) or equivalent.
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Suggested Allowable Working Pressure for Additional Alloys

A limited amount of test data is available on Swagelok tube fittings used with special alloy tubing. For sizes not listed in the
following tables, we recommend that a sample of the tubing be provided for evaluation before installation. Please include all
pertinent information relating to system parameters. Give tubing sample to your authorized Swagelok representative to forward to
the factory.

Table 7—Fractional Alloy 400 Tubing

Allowable working pressures are calculated from an S value of 18 700 psi (128 800 kPa) for ASTM B165 tubing at —20 to 100°F
(-28 to 37°C), as listed in ASME B31.3. Multiply alloy 400 rating by 0.93 for working pressure in accordance with ASME B31.1.

Tube Wall Thickness, in.
0028 | 0035 0049 | 0.065 0083 | 0095 0.109 0.120
Tube Working Pressure, psig Swagelok

oD Note: For gas service, select a tube wall thickness outside of the shaded area. Fitting
in. (See Gas Service, page 2.) Series
1/8 7900 10 100 200
1/4 3700 4800 7000 9500 400
3/8 3100 4400 6100 600
1/2 2300 3200 4400 810
3/4 2200 3000 4000 4600 1210

1 2200 2900 3400 3900 4300 1610

Suggested Ordering Information

Fractional—Fully annealed, quality seamless alloy 400 hydraulic tubing ASTM B165 or equivalent. Hardness 75 HRB maximum.
Tubing to be free of scratches, suitable for bending and flaring.

Table 8—Fractional Alloy C-276 Tubing
Allowable working pressures are based on equations from ASME B31.3 and a maximum S value of 20 000 psi (137 800 kPa).

Tube Wall Thickness, in.
0.028 0035 | 0049 | 0.065
Tube Working Pressure, psig Swagelok
oD Note: For gas service, select a tube wall thickness outside of Fitting
in. the shaded area. (See Gas Service, page 2.) Series
1/4 4000 5100 7500 10 200 400
3/8 3300 4800 6 500 600
1/2 2600 3700 5100 810

Suggested Ordering Information

Fully annealed quality alloy C-276 tubing ASTM B622 or equivalent. Hardness 100 HRB maximum. Tubing to be free of scratches,
suitable for bending and flaring. OD tolerances not to exceed + 0.005 in.
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Table 9—Fractional Alloy 20 Tubing
Allowable working pressures are based on equations from ASME B31.3 and a maximum S value of 20 000 psi (137 800 kPa).

Tube Wall Thickness, in.
0028 | 003 | 0049 | 0065
Tube Working Pressure, psig Swagelok
oD Note: For gas service, select a tube wall thickness outside of the | Fitting
in. shaded area. (See Gas Service, page 2.) Series
1/4 4000 5100 7500 10 200 400
3/8 3300 4800 6 500 600
1/2 2600 3700 5100 810

Suggested Ordering Information
Fully annealed, seamless or welded and drawn alloy 20 alloy tubing, ASTM B729, B468 or equivalent. Hardness 95 HRB or less.
Tubing to be free of scratches, suitable for bending and flaring. OD tolerances not to exceed + 0.005 in.

Table 10—Fractional Alloy 600 Tubing
Allowable working pressures are based on equations from ASME B31.3 and a maximum S value of 20 000 psi (137 800 kPa).

Tube Wall Thickness, in.
0028 | 003 | 0049 | 0065
Tube Working Pressure, psig Swagelok
oD Note: For gas service, select a tube wall thickness outside of the Fitting
in. shaded area. (See Gas Service, page 2.) Series
1/4 4000 5100 7500 10 200 400
3/8 3300 4800 6 500 600
1/2 2600 3700 5100 810

Suggested Ordering Information
Cold drawn, fully annealed, #1 temper alloy 600 seamless alloy tubing, ASTM B167 or equivalent. Hardness 92 HRB or less.
Tubing to be free of scratches, suitable for bending and flaring. Order to outside diameter and wall thickness only, not to inside

diameter, average wall specification. OD tolerances not to exceed + 0.005 in.

Table 11—Fractional Grade 2 Titanium Tubing
Allowable working pressures are calculated from an S value of 16 700 psi (115 000 kPa) for ASTM B338 tubing at —20 to 100°F (-28
to 37°C), as listed in ASME B31.3. Multiply grade 2 titanium rating by 0.75 for working pressure in accordance with ASME B31.1.

Tube Wall Thickness, in.
0028 | 003 | o004 | 0065
Tube Working Pressure, psig Swagelok
oD Note: For gas service, select a tube wall thickness outside of the | Fitting
in. shaded area. (See Gas Service, page 2.) Series
1/4 3500 4500 6700 9100 400
3/8 2900 4200 5800 600
1/2 2100 3100 4200 810

Suggested Ordering Information

Tubing Data 7

IT

Fully annealed seamless or welded and drawn grade 2 titanium tubing, ASTM B338 or equivalent. Tubing to be free of scratches,
suitable for bending. OD tolerances not to exceed + 0.005 in.
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Table 12—Fractional SAF 2507 Super Duplex Tubing

Allowable working pressures are calculated from an S value of 38 700 psi (266 000 kPa) for ASTM A789 tubing at —20 to 100°F
(=28 to 37°C), as listed in ASME B31.3. For tubing suitable for SAF 2507 super duplex weld fittings with working pressures
calculated based on ASME B31.3 Chapter IX, see the Swagelok SAF 2507 Super Duplex Weld Fittings catalog.

Tube Wall Thickness, in.
0028 | 0035 | 0049 0.065 | 0.083 0.095
Tube Working Pressure, psig Swagelok
oD Note: For gas service, select a tube wall thickness outside of the shaded area. | Fitting
in. (See Gas Service, page 2.) Series
1/4 7800 10 000 15 oool! 400
3/8 6 500 10 100U 12 700 600
1/2 5 000 7 200 10 100U 12 900 810
5/8 5 800 7 600 10 100 1010
3/4 4700 6 300 8 5000 10 000U 1210

[ Pressure ratings based on special wall thickness tolerance for Swagelok SAF 2507 tubing.

Suggested Ordering Information

Fully annealed SAF 2507 super duplex tubing, ASTM A789 or equivalent. Hardness 32 HRC or less. Tubing to be free of
scratches, suitable for bending and flaring.

Pressure Ratings at Elevated Temperatures

Table 13—Elevated Temperature Factors

Temperature Tubing Materials
Carbon Alloy Allo Alloy Allo SAF
°F °C |Aluminum| Copper | Steeld | 304SS | 316 SS 400 20 c-2765 600 Titanium | 2507
200 93 1.00 0.80 0.95 1.00 1.00 0.87 1.00 1.00 1.00 0.86 0.90
400 | 204 0.40 0.50 0.870 0.93 0.96 0.79 0.96 0.96 0.96 0.61 0.82
600 | 315 0.82 0.85 0.79 0.85 0.85 0.85 0.45 0.80
800 | 426 0.76 0.79 0.75 0.79 0.79 0.79
1000 | 537 0.69 0.76 0.76 0.35

0 Based on 375°F (190°C) max.
0 Based on the lower derating factor for stainless steel, in accordance with ASME B31.3.

To determine allowable working pressure at elevated temperatures, multiply allowable working pressures from Tables 1 through 12
by a factor shown in Table 13.

Example: Type 316 stainless steel 1/2 in. OD x 0.035 in. wall at 1000°F
1. The allowable working pressure at —20 to 100°F (-28 to 37°C) is 2600 psig (Table 3, page 4).
2.The elevated temperature factor for 1000°F (537°C) is 0.76 (Table 13, above):
2600 psig x 0.76 = 1976 psig
The allowable working pressure for 316 SS 1/2 in. OD x 0.035 in. wall tubing at 1000°F (537°C) is 1976 psig.

Safe Product Selection
When selecting a product, the total system design must

be considered to ensure safe, trouble-free performance.
Swagelok—TM Swagelok Company

Function, material compatibility, adequate ratings, SAF 2507—TM Sandvik AB
proper installation, operation, and maintenance are the Sﬁi?gg’if%ogiwa&f“’k Company
responsibilities of the system designer and user. January 2005, R4

MS-01-107
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A comprehensive catalog of
socket screws and related products

In this catalog you will find complete information about UNBRAKO socket screws and such related
products as shoulder screws, dowel pins, pressure plugs and hex keys. Everything you need to select,
specify and order these precision products is at your finger tips except actual prices. Furthermore, all
data has been organized to let you find the facts you want with the greatest speed and the least effort.
Wherever possible, all data for a particular product is presented in a two-page spread for your
convenience.

Included in this catalog are:
UNBRAKAO fastener product descriptions Features and technical data about each product

Technical discussions for application and use

IT

Commercial and Government Entity (CAGE) Code 71838

IMPORTANT

Referenced consensus standards can change over time. UNBRAKO products are manufactured in
accordance with revisions valid at time of manufacture.

This guide refers to products and sizes that may not be manufactured to stock. Please consult an
UNBRAKO distributor or UNBRAKO to determine stock status.

The technical discussions represent typical applications only.

The use of the information is at the sole discretion of the reader. Because applications vary
enormously, UNBRAKO does not warrant the scenarios described are appropriate for any specific
application. The reader must consider all variables prior to using this information.

Products modified other than by UNBRAKO are not guaranteed and not subject to return.

SPS Technologies, Inc., through its Unbrako Division warrants that these product conform to industry standards specified
herein and will be free from defects in materials and workmanship. THIS WARRANTY IS EXPRESSLY GIVEN IN LIEU OF
ANY AND ALL OTHER EXPRESS OR IMPLIED WARRANTIES, INCLUDING ANY IMPLIED WARRANTY OF MER-
CHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, AND IN LIEU OF ANY OTHER OBLIGATION ON THE PART
OF SPS TECHNOLOGIES, INC. SPS Technologies, Inc. will, at its option, repair or replace free of charge (excluding all ship-
ping all shipping and handling costs) any products which have not been subject to misuse, abuse, or modification and
which in its sole determination were not manufactured in compliance with the warranty given above.

THE REMEDY PROVIDED FOR HEREIN SHALL BE THE EXCLUSIVE REMEDY FOR ANY BREACH OF WARRANTY OR ANY
CLAIM ARISING IN ANY WAY OUT OF THE MANUFACTURE, SALE, OR USE OF THESE PRODUCTS. In no event shall SPS
Technologies, Inc. be liable for consequential, incidental or any other damages of any nature whatsoever except those
specifically provided herein for any breach of warranty or any claim arising in any way out of the manufacture, sale, or
use of these products. No other person is authorized by SPS Technologies, Inc. to give any other warranty, written or oral,
pertaining to the products.

[ACCREDITED]

Copyright 1996, SPS Technologies
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Thread Conversion chart . ............. .. . . . . i i et e e e e e e 34
Metric Table of Contents. . . ........... . . i ettt e e e 35
Metric Socket Head Cap Screws . . ... .. . . i et e e e e 38
Metric Flat Head Cap Screws . . . .. . ... i e e e 40
Metric Button Head Cap SCrewWs . . ...t i i e ettt ettt e e 41
Metric Shoulder SCrews . . . ... .. i e e e e e 42
Metric Dowel Pins . . . . ... e e e 43
Metric Socket Set Screws . . ... i e e 44
Metric Low Head Cap SCrews . . ......... . i ettt e e e e 46
Metric Hexagon Keys and Size Selector Table ... ........... ... ... ... . . . . ... 47
Metric TolerancCes . .. ... it i ittt e e e e 48
Metric Conversion Chart. . . ... . . . . i ettt e e 50
Technical Section Table of Contents ... ............ .. . it it e, 51

NOTE: The proper tightening of threaded fasteners can have a significant effect
on their performance.

Many application problems such as self-loosening and fatigue can be minimized
by adequate tightening.

The recommended seating torques listed in the catalog tables serve as guidelines
only.

Even when using the recommended seating torques, the induced loads obtained
may vary as much as +25% depending upon the uncontrolled variables such as
mating material, lubrication, surface finish, hardness, bolt/joint compliance, etc.

LEVL-SEAL®, AND UNBRAKOQO® are registered trademarks of SPS Technologies
*Reg. Du Pont T.M.
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PERFORMANCE (See Note 1)

treated screws

tensile 107 cycle operating
psi dynamic temperatures
TYPES APPLICATIONS/FEATURES (room temp.) | fatigue (psi) | (unplated) page
COUNTERBORED PROTRUDING 190,000 20,000 550°F
Socket Head
Cap Screws
1960 Series
4-10
Alloy Steel
Use alloy for maximum tensiles; 180,000
up to 190,000 psi, highest of any
socket cap screw
Socket Head . .
Cap Screws Use stainless for corrosive,
1960 Series cryogenic or elevated tempera- 95,000 30,000 800°F 4-10
Stainless ture e_nwronments, hygienic
cleanliness.
Steel
Socket Head
Cap Screws Use in parts too thin for standard
Low Head height heads and where clear- 170,000 20,000 550°F 11
°"!’ ea ance is limited
Series
Tool and die
h
industry standards; heat treat stsr e?la:h
also replace costly level psi in gi
Shoulder special parts- p
s shafts, pivots, 550°F 12-13
crews clevis pins,
guides, trunnion 160.000 96.000
mountings, link- ! !
ages, etc.
Uniform, con-
trolled 82° under- o
Flat Head head angle for 160,000 96,000 550°F
Socket Tgr maximum flush-
Screws ness and side wall 14,16
Alloy/ contact; non-slip
Stainless hex socket pre- S00°F
vents marring of
material
Low heads
streamline design, 160,000 96,000 550°F
Button Head =] use in materials
Cap Screws = too thin to coun- 15-16
Alloy/ = tersink; also for
Stainless = non-critical load-
— ing requiring heat 800°F

NOTE 1: Performance data listed are for standard production items only.
Non-stock items may vary due to variables in methods of manufacture.

It is suggested that the user verify performance on any non-standard parts
for critical applications.
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INCH QUICK SELECTOR GUIDE

PERFORMANCE (See Note 1)

operating
temperatures
TYPES APPLICATIONS/FEATURES hardness (unplated) page
Half-dog or self-locking cup points
gqu;re Head only. Use where maximum tighten- Rc 45 (min.) 450° F 17
et Screws ing torques are required
Socket Set Fasten collars, sheaves, gears,
knobs on shafts. Locate machine °
Screws parts. Cone, half-dog, flat, oval, cup Rc 45-53 450°F 18113
Alloy Steel and self-locking cup points standard
:ocket Set Use stainless for corrosive, cryo-
crews genic or elevated temperatures o .
Stainless environments. Plain cup point stan- Rb96-Re33 800°F 18-23
Steel dard. Other styles on special order
_ O]
Pressure Features common to 3/4" and 7/8" Re 34-40 550°F
Plugs tapers: Dryseal threads for positive 800°F
3/4" T seal without sealing compound; 24, 26
D alper controlled chamfer for faster Rb 82 400°F
rysea starting Typical Brass
Y LEVL-SEAL® plug_ features: con- Rc 35-40 550°F
7/8" Taper trolled 7/8” tape in 3/4” taper hole
LEVL-SEAL® seats plug level, flush with surface 25-27
Pressure Plug within 1/2 pitch. _LE_VL—SEAL plug is Rb 82 400°F
an UNBRAKO original Typical Brass
PTFE/TEFLON coated plugs seal at
PTFE/ 60% lower seating torques without
TEFLON** tape or cor:npound; install faster at Rc 35-40 450°F 26-27
lower cost; smaller sizes can be (uncoated)
Coated power installed; LEVL-SEAL plug
type for 100% flush seating
Tough, deJ_ct_iIe, :‘Ior high torlt(quing; torsional shear
Hex Keys accurate 1it In all types socket Rc 47-57 in-Ib. min. 32-33
screws; size marked for quick
identity 1.2 to 276.000
Formed ends, controlled heat treat caloulated
ormed ends, controlled heat treat; .
Dowel Pins close tolerances; standard for die core: shear psi | surface 28-29
(Standard) work; also used as bearings, gages, Rc 50-58 8 micro-
precision parts, etc. 150,000 inch
(max)
N i For use in blind holes. Easily
Dowel Pins TRRBRRTRRERRY removed without special tools. surface: 8 micro-
Pull-Out gy o Reusable, Save money. No r]eed for Rc 60 150,000 inch 30-31
ssfuusdongbsiurigey knock-out holes. Same physicals, .
Type finish, accuracy and tolerances as (min.) (max)

standard UNBRAKO dowel pins.

NOTE 1: Performance data listed are for standard production items only.
Non-stock items may vary due to variables in methods of manufacture.

It is suggested that the user verify performance on any non-standard parts
for critical applications.

3 197



IT

Unbrako

SOCKET HEAD CAP SCREWS. .

The most important reasons for
the increasing use of socket head
cap screws in industry are safety,
reliability and economy. All three
reasons are directly traceable to
the superior performance of socket
screws vs. other fasteners, and
that is due to their superior
strength and advanced design.

m Reliability, higher pressures,
stresses and speeds in todays
machines and equipment
demand stronger, more reliable
joints and stronger, more reli-
able fasteners to hold them
together.

m Rising costs make failure and
downtime intolerable. Bigger,
more complex units break down
more frequently despite every
effort to prevent it.

m This is why the reliability of
every component has become
critical. Components must stay
together to function properly,
and to keep them together joints
must stay tight.

m Joint reliability and safety with
maximum strength and fatigue
resistance. UNBRAKO socket
cap screws offer this to a greater
degree than any other threaded
fastener you can purchase
“off-the-self.”

m UNBRAKO socket cap screws
offer resistance to a greater
degree than any other threaded
fasteners you can purchase
“off-the-shelf.”

TENSILE STRENGTH

m U.S. standard alloy steel socket
head cap screws are made to
strength levels of 180,000 and
170,000 psi to current industry
standards. However, UNBRAKO
socket cap screws are consis-
tently maintained at 190,000
and 180,000 psi (depending on
screw diameter).

B The higher tensile strength of
UNBRAKO socket screws can
be translated into savings.
Using fewer socket screws of
the same size can achieve the
same clamping force in the
joint. A joint requiring twelve
1-3/8" Grade 5 hex heads would
need only 7 UNBRAKO socket
head cap screws. Use them size
for size and there are fewer
holes to drill and tap and fewer
screws to buy and handle.
Smaller diameter socket head
cap screws vs. larger hex screws
cost less to drill and tap, take
less energy to drive, and there
is also weight saving.

B The size of the component
parts can be reduced since the
cylindrical heads of socket
screws need less space than
hex heads and require no
additional wrench space.

FATIGUE STRENGTH

® Joints that are subject to external
stress loading are susceptible to
fatigue failure. UNBRAKO socket
screws have distinct advantages
that give you an extra bonus of
protection against this hazard.

®m Three major factors account for
the greater fatigue resistance of
UNBRAKO socket screws —
design improvements, mech-
anical properties and closely
controlled manufacturing
processes.

. Why Socket Screws? Why UNBRAKO?

AUSTENITIC STAINLESS STEEL
STANDARD SERIES

UNBRAKO stainless socket screws
are made from austenitic stainless
steel. UNBRAKO stainless screws
offer excellent resistance to rust
and corrosion from acids, organic
substances, salt solutions and
atmospheres. Superior properties
attained with stainless steel include
retention of a high percentage of
tensile strength and good creep
resistance up to 800°F. without
scaling or oxidation, and good
shock and impact resistance to
temperatures as low as —300°F.

non-magnetic — Valuable in certain
electrical applications. Maximum
permeability is 1.2 Can be reduced
to 1.02 by bright annealing.

cleanliness — Corrosion resistant
characteristics of UNBRAKO
screws are useful in chemical,
food processing, appliance, paper,
textile, packaging and pharmaceu-
tical industries, as well as labora-
tories, hospitals, etc.

eye-appeal — Bright, non-tarnishing
qualities add to appearance and
salability of many products; are
valuable assets to designers.

Standard processing of UNBRAKO
stainless steel socket screws
includes a passivation surface
treatment which removes any
surface contaminations.




Why Socket Screws?. .. Why UNBRAKO = “Profile” of Extra Strength

Deep, accurate socket for high torque wrenching. Knurls for easier handling.
Marked for easier identification.

Head with increased bearing area for greater loading carrying capacity.
Precision forged for symmetrical grain flow, maximum strength.

IT

Elliptical fillet doubles fatigue life at critical head-shank juncture.

“3-R” (radiused-root runout) increases fatigue life in this critical

head-shank juncture.

SHANK

ROOT

BODY

— Note sharp angle -
at root where high stress con- Controlled radius of runout
centration soon develops root provides a smooth form
crack which penetrates into that distributes stress and
body of the screw. increases fatigue life of

thread run-out as a much
as 300% in certain sizes.

Fully formed radiused thread increases fatigue life 100% over flat root
thread forms.

Controlled heat treatment produces maximum strength without brittleness.

Accurate control of socket depth
gives more wrench engagement
than other screws, permits full
tightening without cracking or
reaming the socket, yet provides
ample metal in the crucial fillet

area for maximum head strength.

Controlled head forging, uniform
grain flow, unbroken flow lines;
makes heads stronger; minimizes
failure in vital fillet area; adds to
fatigue strength.

Contour-following flow lines
provide extra shear strength in
threads, resist stripping and
provide high fatigue resistance.
The large root radius UNBRAKO
socket screw development
doubles fatigue life compared
to flat root thread forms.
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UNBRAKO® Socket Screw Products (Metric)

Metric Standards. . . ... ... .. e e 36
Socket Head Cap Screws. . . . ... Standards —Alloy Steel ............. . ... . i .. 38

Low Heads —Alloy Steel ............. . i, 46
Flat Head Socket Screws . ..... Alloy Steel . ... e 40
Button Head Socket Screws . ... Alloy Steel. ... ... ... i, 41
Shoulder Screws ............. Alloy Steel . ..o e e e 42
DowelPins .................. Standards —Alloy Steel. . ........ ... 43
Socket Set Screws . ........... Alloy Steel . ... e 44
Low Head Cap Screws. ........ Low Heads —Alloy Steel ............. . ... 46
HexKeys.................... Alloy Steel . ... e e 47
ISO TolerancCes. . . .. ... e e e 48
Conversion Chart. . . ... ... . i e et ettt e e 50
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Unbrako

UNBRAKO Metric Fasteners

UNBRAKO Metric Fasteners are
the strongest off-the-shelf thread-
ed fasteners you can buy. Their
exclusive design features and
closely controlled manufacturing
processes insure the dimensional
accuracy, strength and fatigue
resistance needed for reliability
in today’s advanced technology.
They are manufactured with the
same methods and features as
their inch-series counterpart.

Strength

UNBRAKO metric socket head cap
screws are made into property
class 12.9 with a minimum ultimate
tensile strength of 1300 or 1250
MPa depending on screw diame-
ter. Precision in manufacturing
and careful control in stress areas
insure strength in such critical
areas as heads, sockets, threads,
fillets, and bearing areas.

When you purchase UNBRAKO
metric socket screw products, you
can be sure that they meet or
exceed the strength levels of all
current standards, including the
three most common-ANSI, ISO
and DIN. Unbrako is represented
on several ASME, ANSI, ASTM
and ISO committees.

® ANSI (American National
Standards Institute) documents
are published by ASME (The
American Society of Mechanical
Engineers) and are familiar to
almost all users of socket screw
products in the U.S.A.

m ASTM (American Society for
Testing and Materials). Many
ANSI documents list dimen-
sional information but refer
to ASTM specifications for
materials, mechanical proper-
ties, and test criteria.

m [SO (International Standards
Organization) is a standards
group comprising 70 member
nations. Its objective is to
provide standards that will
be completely universal and
common to all countries
subscribing.

m DIN (Deutsche Industries 11
Normen) is the German
standards group.

NOTE: The proper tightening
of threaded fasteners can have
a significant effect on their
performance.
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A WARNING TO METRIC FASTENER USERS

Metric socket cap screws are NOT sold in a single strength level
like U.S. inch socket screws.

Property Class General Material Strength Level, UTS min. MPa (KSI)
International Standards Organization, ISO

Property Class 8.8 Carbon Steel 800 (116) < M16
830 (120) = M16

Property Class 10.9 Alloy Steel 1040 (151)

Property Class 12.9 Alloy Steel 1220 (177)

USA Standards

ASTM A574M Alloy Steel 1220 (177)

Unbrako Standards

ASTM A574M Alloy Steel 1300 (189) < M16
1250 (181) > M16

STANDARDS

The use of metric fasteners in the worldwide market has led to the creation of many standards. These
standards specify the fastener requirements: dimensions, material, strength levels, inspection, etc. Different
standards are the responsibility of various organizations and are not always identical. Unbrako supplies metric
fasteners for maximum interchangeability with all standards. This Engineering Guide was published with the
most current values, which are however subject to change by any standards organization at any time.
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METRIC SOCKET HEAD CAP SCREWS

Dimensions
Threads: ANSI B1.13M, I1ISO ~—H L
261, ISO 262 (coarse series le—J —> - . THREAD LENGTH
only) SEE STOCK TABLE " .
— G [— |- APPROX 45
Property Class: 12.9-1ISO 898/1 \
/"
ZN 1
1< D THR]EAD
+ A 1 - - - SIZE
~v
N | |
DN
NOTES LENGTH TOLERANCE
1. Material: ASTM A574M, DIN912-alloy steel nominal screw diameter
2. Hardness: Rc 38-43 M1.6 M12
3. Tensile Stress: 1300 MPa thru M16 size. thru thru over
1250 MPa over M16 size. nominal m10 m20 20
4. Yield Stress: 1170 MPa thru M16 size. screw length tolerance on Igth., mm
1125 MPa over M16 size. Up to 16 mm, incl. +0.3 +0.3 -
5. Thread Class: 4g 69 Over 16 to 50 mm, incl. +0.4 +0.4 +0.7
Over 50 to 120 mm, incl. +0.7 +1.0 +1.5
Over 120 to 200 mm, incl. +1.0 +1.5 +2.0
Over 200 mm +2.0 +2.5 +3.0
APPLICATION
DIMENSIONS MECHANICAL PROPERTIES DATA
tensile single shear recommended **
strength strength of body seating torque
thr'ead A D H J G T UTS min. min. plain finish
size min.
nom. pitch max. max. max. nom. min. min. MPa kN lbs. kN lbs. N-m in-Ibs.
M1.6 0.35 3.0 1.6 1.6 1.5 0.54 0.80 1300 1.65 370 1.57 352.5 0.29 2.6
M2 0.40 3.8 2.0 2.0 1.5 0.68 1.0 1300 2.69 605 2.45 550 0.60 5.3
M2.5 0.45 4.5 2.5 2.5 2.0 0.85 1.25 1300 4.41 990 3.83 860 1.21 11
M3 0.5 5.5 3.0 3.0 25 1.02 1.5 1300 6.54 1,470 5.5 1240 2.1 19
M4 0.7 7.0 4.0 4.0 3.0 1.62 2.0 1300 11.4 2,560 9.8 2,205 4.6 41
M5 0.8 8.5 5.0 5.0 4.0 1.90 2.5 1300 18.5 4,160 | 15.3 3,445 9.5 85
M6 1.0 10.0 6.0 6.0 5.0 2.28 3.0 1300 26.1 5,870 | 22.05 4,960 16 140
M8 1.25 13.0 8.0 8.0 6.0 3.2 4.0 1300 47.6 10,700 | 39.2 8,800 39 350
M10 1.5 16.0 10.0 10.0 8.0 4.0 5.0 1300 75.4 17,000 | 61 13,750 77 680
M12 1.75 18.0 12.0 12.0 10.0 4.8 6.0 1300 110 24,700 | 88 19,850 | 135 1,200
*(M14) 2.0 21.0 14.0 14.0 12.0 5.6 7.0 1300 150 33,700 | 120 27,000 | 215 1,900
M16 2.0 24.0 16.0 16.0 14.0 6.4 8.0 1300 204 45,900 | 157 35,250 | 330 2,900
M20 2.5 30.0 20.0 20.0 17.0 8.0 10.0 1250 306 68,800 | 235.5 53,000 | 650 5,750
M24 3.0 36.0 24.0 24.0 19.0 9.6 12.0 1250 441 99,100 | 339 76,500 | 1100 9,700
*M30 35 45.0 30.0 30.0 22.0 12.0 15.0 1250 701 158,000 | 530 119,000 | 2250 19,900
*M36 4.0 54.0 36.0 36.0 27.0 14.4 18.0 1250 | 1020 229,000 | 756 171,500 | 3850 34,100
*M42 4.5 63.0 42.0 42.0 32.0 16.8 21.0 1250 | 1400 315,000 | 1040 233,500 | 6270 55,580
*M48 5.0 72.0 48.0 48.0 36.0 19.2 24.0 1250 | 1840 413,000 | 1355 305,000 | 8560 75,800
All dimensions in millimeters.
Sizes in brackets not preferred for new designs.
*Non-stock diameter.
**Torque calculated in accordance with VDI 2230, “Systematic Calculation of High Duty
Bolted Joints,” to induce approximately 800 MPa stress in screw threads. Torque values
listed are for plain screws. (See Note, page 1.)
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SOCKET HEAD CAP SCREWS ® Metric =

o

<—|_B—>|

BODY and GRIP LENGTHS

LENGTH

Body and Grip Lengths

Lg is the maximum grip length and is the distance from
the bearing surface to the first complete thread.

Lg is the minimum body length and is the length of the
unthreaded cylindrical portion of the shank.

BODY AND GRIP LENGTH DIMENSIONS FOR METRIC SOCKET HEAD CAP SCREWS

204

Nominal
Size M1.6 M2 M2.5 M3 M4 M5 M6 M3 M10 M12 M14 M16 M20 M24
Nominal L
tength | Le | Ls | Le| ®|Leg|Le | Le|Le Lo | Ls | Le|Ls|Lc Lg|Leg Lg|Lsg Lsg|Lsg|Le|Lec|Ls| Le|Ls Lc| Ls| Lg| Lg
20 48| 3.0/ 4.0/ 20
25 9.8/ 80| 9.0 7.0 80 57| 7.0 45
30 14.8| 13.0/ 14.0 12.0| 13.0/ 10.7| 12.0/ 9.5| 10.0/ 6.5
35 19.0/ 17.0| 18.0/ 15.7| 17.0) 145| 15.0/ 11.5| 13.0, 9.0/ 11.0/ 6.0
40 24.0| 22.0| 23.0| 20.7| 22.0 19.5| 20.0| 16.5| 18.0/ 14.0| 16.0/ 11.0
45 28.0| 25.7| 27.0| 245 25.0 21.5| 23.0/ 19.0/ 21.0/ 16.0| 17.0| 10.7
50 33.0| 30.7| 32.0| 29.5| 30.0 26.5 | 28.0 24.0/ 26.0| 21.0| 22.0/ 15.7| 18.0| 10.5
55 37.0| 345 | 35.0/ 31.5| 33.0/ 29.0/ 31.0| 26.0| 27.0/ 20.7| 23.0/ 15.5
60 42.0| 39.5| 40.0| 36.5 | 38.0| 34.0/ 36.0/ 31.0| 32.0/ 25.7| 28.0/ 20.5| 24.0| 15.2
65 47.0| 445| 45.0) 41.5| 43.0| 39.0| 41.0Y 36.0| 37.0| 30.7| 33.0/ 25.5| 29.0| 20.2| 25.0| 15.0
70 50.0| 46.5 | 48.0) 44.0| 46.0| 41.0| 42.0 35.7| 38.0| 30.5| 34.0/ 25.2| 30.0| 20.0 26.0| 16.0
80 60.0| 56.5 | 58.0| 54.0/ 56.00 51.0 52.0| 45.7| 48.0 40.5| 44.0/ 35.2| 40.0 30.0| 36.0| 26.0
90 68.0/ 64.0 66.0| 61.0 62.0/ 55.7| 58.0| 50.5| 54.0/ 45.2| 50.0| 40.0 | 46.0 36.0| 38.0| 25.5
100 78.0/ 74.0) 76.0| 71.0 72.0/ 65.7| 68.0| 60.5| 64.0 55.2| 60.0| 50.0  56.0 46.0| 48.0| 35.5 40.0/ 25.0
110 86.0/ 81.0| 82.0| 75.7| 78.0/ 70.5| 74.0| 65.2| 70.0, 60.0 66.0| 56.0 | 58.0 45.5| 50.0/ 35.0
120 96.0/ 91.0| 92.0| 85.7| 88.0/ 80.5| 84.0| 75.2| 80.0, 70.0 76.0| 66.0| 68.0 55.5| 60.0| 45.0
130 102.0| 95.7| 98.0| 90.5| 94.0/ 85.2| 90.0| 80.0 | 86.0 76.0| 78.0/ 65.5/ 70.0 55.0
140 112.0/105.7 | 108.0/100.5 | 104.0| 95.2 |/ 100.0| 90.0 | 96.0/ 86.0| 88.0/ 75.5 80.0/ 65.0
150 122.0/115.7 118.0{110.5| 114.0/105.2 | 110.0/100.0 | 106.0| 96.0 | 98.0| 85.5| 90.0/ 75.0
160 132.0/125.7128.0/120.5 124.0/115.2 | 120.0/110.0 | 116.0/106.0 | 108.0| 95.5/100.0/ 85.0
180 148.0/140.5|144.0/135.2 | 140.0/130.0 | 136.0/126.0 | 128.0|/115.5| 120.0| 105.0
200 168.0/160.5 | 164.0|155.2 | 160.0/150.0 | 156.0|146.0 | 148.0/ 135.5|140.0| 125.0
220 184.0/175.2 | 180.0(/170.0 | 176.0/166.0 | 168.0|155.5 160.0| 145.0
240 204.0/195.2 | 200.0|190.0 | 196.0/186.0 | 188.0|175.5/ 180.0| 165.0
260 220.0/210.0 | 216.0/206.0 | 208.0|195.5/200.0| 185.0
300 256.0|246.0 | 248.0/235.5|240.0|225.0
SOCKET HEAD CAP SCREWS (METRIC SERIES)
PER ASME/ANSI B18.3.1M-1986
39




METRIC SOCKET FLAT HEAD CAP SCREWS

Dimensions
Threads: ANSI B1.13M, ISO 262 (coarse series only) NOTES
Applicable or Similar Specification: DIN 9427 1. Material: ASTM F835M
General Note: Flat, countersunk head cap screws and 2. Dimensions: B18.3.5M
button head cap screws are degign_ed and recpmmend- 3. Property Class: 12.9
ed for moderate fastening applications: machine guards,
hinges, covers, etc. They are not suggested for use in 4. Hardness: Rc 38-43 (alloy steel)
critical high strength applications where socket head cap 5. Tensile Stress: 1040MPa

screws should be used. 6. Shear Stress: 630 MPa

7. Yield Stress: 945 MPa

8. Sizes: For sizes up to and including M20, head angle
shall be 92°/90°. For larger sizes head angle shall be 62°/60°. II

9. Thread Class: 4g 6g

— APPROX 45°

I/+j A :_:-; D _ _ THSI‘I«’lZEéAD

Lt
Head Angle See Note 6 — H [—
LENGTH TOLERANCE
nominal screw diameter
. M3 thru M24
nominal
screw length tolerance on Igth., mm

Up to 16 mm, incl. +0.3

Over 16 to 60 mm, incl. +0.5

Over 60 mm +0.8

DIMENSIONS APPLICATION DATA
recommended
A D H T $ br J seating torque**
nom. -
thread plain
size pitch max. max. ref. min. ref. min. nom. N-m in-Ibs.
M3 0.5 6.72 3 1.7 1.10 0.50 18 2 1.2 1
M4 0.7 8.96 4 2.3 1.55 0.70 20 25 2.8 25
M5 0.8 11.20 5 2.8 2.05 0.70 22 3 5.5 50
M6 1.0 13.44 6 3.3 2.25 0.85 24 4 9.5 85
M8 1.25 17.92 8 4.4 3.20 1.20 28 5 24 210
M10 1.50 22.40 10 5.5 3.80 1.50 32 6 47 415
M12 1.75 26.88 12 6.5 4.35 1.85 36 8 82 725
M16 2.00 33.60 16 7.5 4.89 1.85 44 10 205 1800
M20 2.50 40.32 20 8.5 5.45 1.85 52 12 400 3550
*M24 3.00 40.42 24 14.0 10.15 2.20 60 14 640 5650

All dimensions in millimeters.
*Non-stock Diameter
**Torque calculated to induce 420 MPa in the screw threads.
Torque values are for plain screws. (See Note, page 1.)
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METRIC SOCKET BUTTON HEAD CAP SCREWS

Dimensions

Threads: ANSI B1.13M, ISO 262(coarse series only)
Similar Specifications: DIN 9427, ISO 7380

General Note: Flat, countersunk head cap screws and
button head cap screws are designed and recommend-
ed for moderate fastening applications: machine guards,
hinges, covers, etc. They are not suggested for use in
critical high strength applications where socket head cap
screws should be used.

NOTES

. Material: ASTM F835M

. Dimensions: ANSI B18.3.4M

. Property Class: 12.9

. Hardness: Rc 38-43

. Tensile Stress: 1040 MPa

. Shear Stress: 630 MPa

. Yield Stress: 945 MPa

. Bearing surface of head square with body within 2°.
. Thread Class: 4g 6g

©W 00 N O G & W N =

— APPROX 45°

\F

— THREAD

SIZE

LENGTH TOLERANCE
nominal screw diameter
. M3 thru M16
nominal
screw length tolerance on Igth., mm
Up to 16 mm, incl. +0.3
Over 16 to 60 mm, incl. +0.5
Over 60 mm +0.8
DIMENSIONS APPLICATION DATA
recommended
S s J . § d seating torque**
nom. -
thread plain
size pitch max. max. min. ref. ref. nom. N-m in-lbs.
M3 0.5 5.70 1.65 1.05 2.95 .35 2.0 1.2 11
M4 0.7 7.60 2.20 1.35 4.10 .35 25 2.8 25
M5 0.8 9.50 2.75 1.92 5.20 .45 3.0 5.5 50
M6 1.0 10.50 3.30 2.08 5.60 .45 4.0 9.5 85
M8 1.285 14.00 4.40 2.75 7.50 .45 5.0 24.0 210
M10 1.50 18.00 5.50 3.35 10.00 .60 6.0 47.0 415
M12 1.75 21.00 6.60 416 11.00 .60 8.0 82.0 725
*M16 2.0 28.00 8.60 5.20 15.00 .60 10.0 205.0 1800
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All dimensions in millimeters.
*Non-stock Diameter
**Torque calculated to induce 420 MPa in the screw threads.
Torque values are for plain screws. (See Note, page 1.)
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METRIC SOCKET HEAD SHOULDER SCREWS

Threads: ANSI B 1.13 M, ISO 262
Similar Specifications: ANSI B18.3.3M,

ISO 7379, DIN 9841

NOTES

1. Material: ASTM A574M alloy steel

2. Hardness: Rc 36-43

3. Tensile Stress: 1100 MPa based on minimum thread neck area (J min.).
4. Shear Stress: 660 MPa

5. Concentricity: Body to head O.D. within 0.15 TIR when checked in a “V”
block.

Body to thread pitch diameter within 0.1 TIR when checked at a distance of

5.0 C from the shoulder at the threaded end.

Squareness, concentricity, parallelism, and bow of body to thread pitch

diameter shall be within 0.05 TIR per centimeter of body length with a max-

imum of 0.5 when seated against the shoulder in a threaded bushing and
checked on the body at a distance of 2.5 “B” from the underside of the head.

6. Squareness: The bearing surface of the head shall be perpendicular to
the axis of the body within a maximum deviation of 2°.

7. Thread Class: 4g 6g

+.25
-0.00
~—H LENGTH E
J
- T |‘_ ‘Q 20° )/' APPROX 45°
4 "/\
™ =Sl *
1, THREAD
I\-l_/ A ._.;> - ‘3 0 [ seze
_r SR / ‘
D
30°‘>\
<-F->
APPLICATION
DIMENSIONS DATA
A T D* K H G F I E J recommended
nom. | thread seating torque
size size pitch max. min. max. min. min. max. min. max. max. max. nom. N-m in-Ibs.
6 M5 0.8 10.00 2.4 6.0 5.982 5.42 4.50 3.68 25 2.40 9.75 3 7 60
8 M6 1.0 13.00 3.3 8.0 7.978 7.42 5.50 4.40 25 2.60 11.25 4 12 105
10 M8 1.25 16.00 4.2 10.0 9.978 9.42 7.00 6.03 25 2.80 13.25 5 29 255
12 M10 15 18.00 4.9 12.0 11.973 | 11.42 8.00 7.69 25 3.00 16.40 6 57 500
16 M12 1.75 | 24.00 6.6 16.0 15.973 | 15.42 | 10.00 9.35 25 4.00 18.40 8 100 885
20 M16 2.0 30.00 8.8 20.0 19.967 | 19.42 | 14.00 12.96 25 4.80 22.40 10 240 2125
24 M20 2.5 36.00 10.0 24.0 23.967 | 23.42 | 16.00 16.30 3.0 5.60 27.40 12 470 4160

All dimensions in millimeters.

*Shoulder diameter tolerance h8 (ISO R 286)

**See Note, page 1.
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METRIC DOWEL PINS

Hardened and Ground = Dimensions

IT

Applicable or Similar Specifications: ANSI B18.8.5M, ISO
8734 or DIN 6325.

Installation warning: Dowel pins should not be installed
by striking or hammering. Wear safety glasses or shield
when pressing chamfered point end first.

NOTES

1. Material: ANSI B18.85-alloy steel

2. Hardness: Rockwell C60 minimum (surface)
Rockwell C 50-58 (core)

3. Shear Stress: Calculated values based on 1050 MPa.
4. Surface Finish: 0.2 micrometer maximum

A L 0%
02 7 Cl—
T N\
B _ _
b N\ J
wc_w N
DIMENSIONS APPLICATION DATA
A B c R calculated single recommended
. pin diameter point diameter . . shear strength hole size
nominal crown height | crown radius
size max. min. max. min. max. min. kN pounds max. min.
3 3.008 3.003 2.9 2.6 0.8 0.3 7.4 1,670 3.000 2.987
4 4.009 4.004 3.9 3.6 0.9 0.4 13.2 2,965 4.000 3.987
5 5.009 5.004 4.9 4.6 1.0 0.4 20.6 4,635 5.000 4.987
6 6.010 6.004 5.8 5.4 1.1 0.4 29.7 6,650 6.000 5.987
8 8.012 8.006 7.8 7.4 1.3 0.5 52.5 11,850 8.000 7.987
10 10.012 10.006 9.8 9.4 1.4 0.6 82.5 18,550 10.000 9.987
12 12.013 12.007 11.8 11.4 1.6 0.6 119.0 26,700 12.000 11.985
16 16.013 16.007 15.8 15.3 1.8 0.8 211.0 47,450 16.000 15.985
20 20.014 20.008 19.8 19.3 2.0 0.8 330.0 74,000 20.000 19.983
25 25.014 25.008 24.8 24.3 2.3 1.0 515.0 116,000 25.000 24.983
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All dimensions in millimeters.
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METRIC SOCKET SET SCREWS = Knurled Cup Point and Plain Cup Point = Dimensions

Threads: ANSI B 1.13M, I1SO 261, ISO 262
(coarse series only)

Grade: 45H

Applicable or Similar Specifications: ANSI B 18.3.6M,
ISO 4029, DIN 916, DIN 915, DIN 914, DIN 913

250 MAX 50° MAX.
v _\>‘4 A/—SEE NOTE 3
T T+ 1

T T — — _}\ 3

D —+) — = E— K THREAD
W J,/ 1 | SiZe
- — —

/ l

KNURLED CUP POINT

NOTES
1. Material: ASTM F912M
2. Hardness: Rockwell C45-53

3. Angle: The cup angle is 135 maximum for screw
lengths equal to or smaller than screw diameter. For
longer lengths, the cup angle will be 124 maximum

4. Thread Class: 4g 6g

SEE NOTE 3

35° MAX. 47/

T T L
1L

50° MAX.Q’J
/
H 1

D + :} — J K THREAD

H——— = SIZE

&

50°/45° \<

PLAIN CUP POINT

LENGTH TOLERANCE
nominal screw diameter
. M1.6 thru M24
nominal
screw length tolerance on Igth., mm
Up to 12 mm, incl. +0.3
Over 12 to 50 mm, incl. +0.5
Over 50 mm +0.8
DIMENSIONS APPLICATION DATA
L recommended*
nom. D J max. K . w .
thread min. preferred seating torque
size pitch max. plain cup | knurled cup max. plain cup | knurled cup nom. N-m in-Ibs.
MICROSIZE - Plain Cup Only
M1.6 0.35 1.0 0.80 - - 2.0 - 0.7 0.09 0.8
M2 0.40 1.32 1.00 - - 25 - 0.9 0.21 1.8
M2.5 0.45 1.75 1.25 - - 3.0 - 1.3 0.57 5.0
STANDARD SIZE — Knurled Cup Point Supplied Unless Plain Cup Point Is Specified
M3 0.5 2.10 1.50 1.40 2.06 3.0 3.0 1.5 0.92 8.0
M4 0.7 2.75 2.00 2.10 2.74 3.0 3.0 2.0 2.2 19.0
M5 0.8 3.70 2.50 2.50 3.48 4.0 4.0 25 4.0 35.0
M6 1.0 4.35 3.00 3.30 414 4.0 5.0 3.0 7.2 64
M8 1.25 6.00 5.00 5.00 5.62 5.0 6.0 4.0 17.0 150.0
M10 1.5 7.40 6.00 6.00 7.12 6.0 8.0 5.0 33.0 290
M12 1.75 8.60 8.00 8.00 8.58 8.0 10.0 6.0 54.0 480
M16 2.0 12.35 10.00 10.00 11.86 12.0 14.0 8.0 134 1190
M20 25 16.00 14.00 14.00 14.83 16.0 18.0 10.0 237 2100
M24 3.0 18.95 16.00 16.00 17.80 20.0 20.0 12.0 440 3860

All dimensions in millimeters.
*Not applicable to screws with a length equal to or less than the diameter. See Note, page 1.

44

209



IT

210

DIMENSIONS

nom.

thread
size
M3
M4
M5

M6
M8
M10

M12
M16
M20
M24

pitch

0.5
0.7
0.8

1.00
1.25
1.50

1.75
2.00
2.50
3.00

max.

2.10
2.75
3.70

4.25
6.00
7.40

8.60
12.35
16.00
18.95

W -

max.

2.0
25
35

4.0
5.5
7.0

8.5
12.0
15.0
18.0

Flat Point, Cone Point, Dog Point Styles Dimensions
L
35° MAX,
> ad
50° MAX)
4— — —
T = -1
H — — LY
D '—1' Py _ J  THREAD
SIZE
| fF-=3v Jns l
FLAT POINT
L
35¢ MAX"‘7/ 92°/88° (SEE NOTE 3)
T [ — - \
: . —
[ g / |
CONE POINT
< L
H
o SEE NOTE 3
35 MAX"7/ 36°MAX:
r
Poooox, H
b L _ THREAD
T _ . SIZE
ST
DOG POINT
flat point cone point dog point
H
L J L nom. L v
min. min. min.
preferred max. preferred short Igth. long Igth. preferred max.
3.0 0.3 4.0 0.75 1.5 5.0 2.00
3.0 0.4 4.0 1.00 2.0 5.0 2.50
4.0 0.5 5.0 1.25 25 6.0 3.50
4.0 1.5 6.0 1.50 3.0 6.0 4.00
5.0 2.0 6.0 2.00 4.0 8.0 5.50
6.0 25 8.0 2.50 5.0 8.0 7.00
8.0 3.0 10.0 3.00 6.0 12.0 8.50
12.0 4.0 14.0 4.00 8.0 16.0 12.00
14.0 6.0 18.0 5.00 10.0 20.0 15.00
20.0 8.0 20.0 6.00 12.0 22.0 18.00
45



METRIC LOW HEAD CAP SCREWS

Threads: ANSI B 1.13M, I1SO 262 NOTES

(coarse series only) 1. Material: ASTM A574M-alloy steel
Property Class: 10.9 2. Hardness: Rc 33-39

Similar Specifications: DIN 7984, : .

DIN 6912 3. Tensile Stress: 1040 MPa

4. Yield Stress: 940 MPa
5. Thread Class: 4g 6g

3 "E —
—|T ;— APPROX 45°
_ 1
|/\| 2Bl D THR]EAD
|\+ / n i - SI12E
Lt
DIMENSIONS APPLICATION DATA
recommended*
A 0 G T H r J seating torque
nom. .
thread plain
size pitch max. max. min. min. max. min. nom. N-m in-lbs.
M4 0.7 7 4 1.06 1.48 2.8 20 3 45 40
M5 0.8 8.5 5 1.39 1.85 35 22 4 8.5 75
M6 1.0 10 6 1.65 2.09 4.0 24 5 14.5 130
M8 1.25 13 8 2.24 2.48 5.0 28 6 35 310
M10 1.5 16 10 2.86 3.36 6.5 32 8 70 620
M12 1.75 18 12 3.46 4.26 8.0 36 10 120 1060
M16 2.0 24 16 491 476 10.0 44 12 300 2650
M20 25 30 20 6.10 6.07 125 52 14 575 5100

All dimensions in millimeters.
*Torque calculated to induce 620 MPa in the screw threads.
Torque values are for plain screws. (See Note, page 1.)
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METRIC HEXAGON KEYS

Dimensions = Mechanical Properties = Socket Applications

These UNBRAKO keys are made to
higher requirements than ISO or DIN

keys, which may not properly torque V{V
Class 12.9 cap screws. The strength Ve
and dimensional requirements are
necessary to properly install the c
products in this catalog.
Material: ANSI B18.3.2.M alloy steel B
Dimensions: ANSI B18.3.2.M
Similar Specifications: DIN 911, ISO 2936
METRIC KEY APPLICATION CHART
SackoCeapletions flat head | button head
size std. head low socket cap | socketcap | shoulder socket set
w height head screws screws screws screws
0.7 M1.6
0.9 M2
1.3 M2.5
1.5 M1.6/M2 M3
2.0 M2.5 M3 M3 M4
25 M3 M4 M4 M5
3.0 M4 M4 M5 M5 M6 M6
4.0 M5 M5 M6 M6 M8 M8
5.0 M6 M6 M8 M8 M10 M10
6.0 M8 M8 M10 M10 M12 M12
8.0 M10 M10 M12 M12 M16 M16
10.0 M12 M12 M16 M16 M20 M20
12.0 M14 M16 M20 M24 M24
14.0 M16 M20 M24
17.0 M20 M24
19.0 M24
22.0 M30
27.0 M36
32.0 M42
36.0 M48
DIMENSIONS MECHANICAL PROPERTIES
key size W B C torsional shear torsional yield
nominal strength minimum strength minimum
max. min. mominal short arm long arm N-m In-Ibs. N-m In-Ibs.
0.711 0.698 5.5 31 *69 0.12 1.1 0.1 0.9
0.889 0.876 9 31 71 0.26 2.3 0.23 2.
1.270 1.244 135 42 75 0.73 6.5 .63 5.6
1.500 1.470 14 45 78 1.19 10.5 1.02 9.
2.000 1.970 16 50 83 2.9 26 24 21
2.500 2.470 18 56 90 5.4 48 4.4 39
3.000 2.960 20 63 100 9.3 82 8. 71
4.000 3.960 25 70 106 22.2 196 18.8 166
5.000 4.960 28 80 118 42.7 378 36.8 326
6.000 5.960 32 90 140 74 655 64 566
8.000 7.950 36 100 160 183 1,620 158 1,400
10.000 9.950 40 112 170 345 3,050 296 2,620
12.000 11.950 45 125 212 634 5,610 546 4,830
14.000 13.930 55 140 236 945 8,360 813 7,200
17.000 16.930 60 160 250 1,690 15,000 1,450 12,800
19.000 18.930 70 180 280 2,360 20,900 2,030 18,000
22.000 21.930 80 *200 *335 3,670 32,500 3,160 28,000
24.000 23.930 90 *224 *375 4,140 36,600 3,560 31,500
27.000 26.820 100 *250 *500 5,870 51,900 5,050 44,700
32.000 31.820 125 *315 *630 8,320 73,600 7,150 63,300
36.000 35.820 140 *355 *710 11,800 104,000 10,200 90,300

212

All dimensions in millimeters.

*Non-stock sizes
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ISO TOLERANCES FOR METRIC FASTENERS

nominal . .
i tolerance zone in mm (external measurements) tolerance zone in mm
over | to h6 h8 h10 | h11 h13 | h14 h15 | h16 | js14 | js15 | js16 | js17 | m6 H7 H8 H9 H11 | H13 | H14
0 1 0 0 0 0 0 +0.002 | +0.010 |+0.0014| +0.025 | +0.060 | +0.14
—0.006 | -0.014 | —0.040 | —0.060 | —0.14 +0.008| 0 0 0 0 0
1 3 0 0 0 0 0 0 0 0 |+£0.125| +0.20 | +0.30 | +0.50 | +0.002 | +0.010 | +0.014 | +0.025 | +0.060 | +0.14 | +0.25
—0.006 | —0.014 | —0.040 | —0.060 | —0.14 | —0.25 | —0.40 | —0.60 +0.008| 0 0 0 0 0 0
3 6 0 0 0 0 0 0 0 0 +0.15 | £0.24 | +0.375 | +0.60 | +0.004 | +0.012 | +0.018 | +0.030 | +0.075 | +0.18 | +0.30
—0.008 | —0.018 | —0.048 | -0.075| —0.18 | -0.30 | —0.48 | —0.75 40012 0 0 0 0 0 0
6 10 0 0 0 0 0 0 0 0 +0.18 | £0.29 | +0.45 | +.075 | +0.006 | +0.015 | +0.022 | +0.036 | +0.090 | +0.22 | +0.36 I
—0.009 | —0.022 | -0.058 | -0.090 | —0.22 | -0.36 | —0.58 | —0.90 +0.0015, 0 0 0 0 0 0
10 18 0 0 0 0 0 0 0 0 |+0215| +0.35 | +0.55 | +0.90 | +0.007 | +0.018 | +0.027 | +0.043 | +0.110 | +0.27 | +0.43
-0.011 | -0.027 | -0.070 | -0.110 | —0.27 | —0.43 | —0.70 | -1.10 +0.018| 0 0 0 0 0 0
18 30 0 0 0 0 0 0 0 0 |+026| £0.42 | +0.65 | +1.05 | +0.008 | +0.021 | +0.033 | +0.052 | +0.130 | +0.33 | +0.52
—0.030 | -0.033 | -0.084 | -0.130 | —0.33 | -0.52 | —0.84 | -1.30 +0.021 0 0 0 0 0 0
30 50 0 0 0 0 +0.31 | £0.50 | +0.80 | +1.25 +0.39 | +0.62
-0.39 | -0.62 | -1.00 | -1.60 0 0
50 80 0 0 0 0 £0.37 | £0.60 | £0.95 | +1.50 +0.46 | +0.74
-0.46 | -0.74 | -1.20 | -1.90 0 0
80 120 0 0 0 0 |+0435| £0.70 | £1.10 | £1.75 +0.54 | +0.87
-0.54 | -0.87 | -1.40 | -2.20 0 0
120 180 +0.50 | £0.80 | +1.25 | +2.00
180 | 250 +0.575 | £0.925 | £1.45 | +2.30
250 | 315 +0.65 | £1.05 | +1.60 | +2.60
315 | 400 070 | £1.15 | £1.80 | +2.85
400 | 500 £0.775| +1.25 | £2.00 | +3.15

ISO TOLERANCES FOR SOCKET SCREWS

nominal tol .
dimension olerance zone in mm
over to C13 c14 D9 D10 D11 D12 EF8 E11 E12 Js9 K9
3 +0.20 +0.31 +0.045 +0.060 +0.080 +0.12 +0.024 +0.074 +0.100 0
+0.06 +0.06 +0.020 +0.020 +0.020 +0.02 +0.010 +0.014 +0.014 +0.0125 -0.025
3 6 +0.24 +0.37 +0.060 +0.078 +0.115 +0.15 +0.028 +0.095 +0.140 0
+0.06 +0.07 +0.030 +0.030 +0.030 +0.03 +0.014 +0.020 +0.020 +0.015 -0.030
6 10 +0.130 +0.19 +0.040 +0.115 +0.115 0
+0.040 +0.40 +0.018 +0.025 +0.025 +0.018 -0.036
10 18 +0.2 +0.142 +0.212
+0.05 +0.032 +0.032
18 30 +0.275
+0.065
30 50 +0.33
+0.08
50 80 +0.40
+0.10
References Notes
:28 ?72589% ANSI standards allow slightly wider tolerances for
screw lengths than ISO and DIN.
ISO 4759/l gih e o _
ISO 4759/l The table is intended to assist in the design with metric

fasteners. For tolerances not listed here refer to the
complete standards.
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ISO TOLERANCES

Tolerances for Metric Fasteners

The tolerances in the tables below are derived from ISO

standard: ISO 4759

The tables show tolerances on the most common metric

fasteners. However, occasionally some slight modifications

are made.

Item DIN Item DIN

” =3 J
g 22 T-—— 913
S s 912 14

<5=h13>5=h14
Tk
?\“! -::_i; o 2 915
7991 = L2 966
st

Notes

Product grade A applies to sizes up to M24 and length not exceeding
10 x diameter or 150 mm, whatever is shorter.

Product grade B applies to the sizes above M24 and all sizes with lengths,
greater than 10 x diameter or 150 mm, whichever is shorter.

Feature

Hexagon Sockets s Tolerance
* *%
0.7 EF8
0.9 JS9
1.3 K9
15
D9 D10
’ E :
-1 Y 2.5 D10
= ﬁ D11
Ly ( 3 D11
- 4 EN
S 5
‘!!I 6
- 8 E11 E1
10
12
14
>14 D12

*Tolerance zones for socket set
screws

**Tolerance zones for socket head
cap screws

Note: For S 0.7 to 1.3 the actual
allowance in the product standards
has been slightly modified for tech-
nical reasons.
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IMPORTANT

The technical discussions represent typical applications only. The use of the information is at
the sole discretion of the reader. Because applications vary enormously, UNBRAKO does not
warrant the scenarios described are appropriate for any specific application. The reader must
consider all variables prior to using this information.

51

215



IT

INSTALLATION CONTROL

Several factors should be considered in designing a joint
or selecting a fastener for a particular application.

JOINT DESIGN AND FASTENER SELECTION.

Joint Length

The longer the joint length, the greater the total elonga-
tion will occur in the bolt to produce the desired clamp
load or preload. In design, if the joint length is increased,
the potential loss of preload is decreased.

Joint Material

If the joint material is relatively stiff compared to the bolt
material, it will compress less and therefore provide a
less sensitive joint, less sensitive to loss of preload as a
result of brinelling, relaxation and even loosening.

Thread Stripping Strength

Considering the material in which the threads will be
tapped or the nut used, there must be sufficient engage-
ment length to carry the load. Ideally, the length of
thread engagement should be sufficient to break the
fastener in tension. When a nut is used, the wall thick-
ness of the nut as well as its length must be considered.

An estimate, a calculation or joint evaluation will be
required to determine the tension loads to which the bolt
and joint will be exposed. The size bolt and the number
necessary to carry the load expected, along with the
safety factor, must also be selected.

The safety factor selected will have to take into con-
sideration the consequence of failure as well as the addi-
tional holes and fasteners. Safety factors, therefore, have
to be determined by the designer.

SHEAR APPLICATIONS

Shear Strength of Material

Not all applications apply a tensile load to the fastener. In
many cases, the load is perpendicular to the fastener in
shear. Shear loading may be single, double or multiple
loading.

There is a relationship between the tensile strength
of a material and its shear strength. For alloy steel, the
shear strength is 60% of its tensile strength. Corrosion
resistant steels (e.g. 300-Series stainless steels) have a
lower tensile/shear relationship and it is usually 50-55%

Single/Double Shear

Single shear strength is exactly one-half the double shear
value. Shear strength listed in pounds per square inch
(psi) is the shear load in pounds divided by the cross
sectional area in square inches.

Single Shear
—|

Double Shear

OTHER DESIGN CONSIDERATIONS

Application Temperature

For elevated temperature, standard alloy steels are useful
to about 550°F-600°F. However, if plating is used, the
maximum temperature may be less (eg. cadmium
should not be used over 450°F.

Austenitic stainless steels (300 Series) may be useful
to 800°F. They can maintain strength above 800°F but will
begin to oxidize on the surface.

Corrosion Environment

A plating may be selected for mild atmospheres or salts.
If plating is unsatisfactory, a corrosion resistant fastener
may be specified. The proper selection will be based
upon the severity of the corrosive environment.

FATIGUE STRENGTH

S/N Curve

Most comparative fatigue testing and specification
fatigue test requirements are plotted on an S/N curve.
In this curve, the test stress is shown on the ordinate
(y-axis) and the number of cycles is shown on the
abscissa (x-axis) in a lograthmic scale. On this type
curve, the high load to low load ratio must be shown.
This is usually R =.1, which means the low load in all
tests will be 10% of the high load.

Typical Unbrako Socket Head Cap Screws
S-N Curve for Finite Fatigue Life

SPS

R=0.1

Curve represents 90% probability of survival

100,000

90,000 ~

80,000

70,000

60,000
50,000

40,000

30,000 S —

20,000

Maximum Stress (psi)
/ ’

10,000 (~

0
104 105 108 107
Cycles to Failure

Effect of Preload

Increasing the R to .2, .3 or higher will change the curve
shape. At some point in this curve, the number of cycles
will reach 10 million cycles. This is considered the
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SCREW FASTENER THEORY & APPLICATIONS

endurance limit or the stress at which infinite life might
be expected.

Modified Goodman/ Haigh Soderberg Curve

The S/N curve and the information it supplies will not
provide the information needed to determine how an
individual fastener will perform in an actual application.
In application, the preload should be higher than any of
the preloads on the S/N curve.

Therefore, for application information, the modified
Goodman Diagram and/or the Haigh Soderberg Curve
are more useful. These curves will show what fatigue
performance can be expected when the parts are properly
preloaded.

MODIFIED GOODMAN DIAGRAM
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METHODS OF PRELOADING

Elongation

The modulus for steel of 30,000,000 (thirty million) psi
means that a fastener will elongate .001 in/in of length
for every 30,000 psi in applied stress. Therefore, if 90,000
psi is the desired preload, the bolt must be stretched .003
inches for every inch of length in the joint.

This method of preloading is very accurate but it
requires that the ends of the bolts be properly prepared
and also that all measurements be very carefully made.
In addition, direct measurements are only possible where
both ends of the fastener are available for measurement
after installation. Other methods of measuring lengths
changes are ultrasonic, strain gages and turn of the nut.

Torque

By far, the most popular method of preloading is by
torque. Fastener manufacturers usually have recom-
mended seating torques for each size and material
fastener. The only requirement is the proper size
torque wrench, a conscientious operator and the
proper torque requirement.

Strain

Since stress/strain is a constant relationship for any
given material, we can use that relationship just as the
elongation change measurements were used previously.

Now, however, the strain can be detected from strain
gages applied directly to the outside surface of the bolt
or by having a hole drilled in the center of the bolt and
the strain gage installed internally. The output from these
gages need instrumentation to convert the gage electrical
measurement method. It is, however, an expensive
method and not always practical.
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Turn of the Nut

The nut turn method also utilizes change in bolt length.
In theory, one bolt revolution (360° rotation) should
increase the bolt length by the thread pitch. There are
at least two variables, however, which influence this
relationship. First, until a snug joint is obtained, no bolt
elongation can be measured. The snugging produces a
large variation in preload. Second, joint compression is
also taking place so the relative stiffnesses of the joint
and bolt influences the load obtained.

VARIABLES IN TORQUE

Coefficient of Friction

Since the torque applied to a fastener must overcome
all friction before any loading takes place, the amount of
friction present is important.

In a standard unlubricated assembly, the friction to
be overcome is the head bearing area and the thread-to-
thread friction. Approximately 50% of the torque applied
will be used to overcome this head-bearing friction and
approximately 35% to overcome the thread friction. So
85% of the torque is overcoming friction and only 15% is
available to produce bolt load.

If these interfaces are lubricated (cadmium plate,
molybdenum disulfide, anti-seize compounds, etc.), the
friction is reduced and thus greater preload is produced
with the same torque.

The change in the coefficient of friction for different
conditions can have a very significant effect on the
slope of the torque tension curve. If this is not taken
into consideration, the proper torque specified for a
plain unlubricated bolt may be sufficient to yield or
break a lubricated fastener.

Thread Pitch

The thread pitch must be considered when a given stress
is to be applied, since the cross-sectional area used for
stress calculations is the thread tensile stress area and is
different for coarse and fine threads. The torque recom-
mendations, therefore, are slightly higher for fine threads
than for coarse threads to achieve the same stress.

Differences between coarse and fine threads.

Coarse Threads are...

m more readily available in industrial fasteners.

m easier to assemble because of larger helix angle.
u require fewer turns and reduce cross threading.
= higher thread stripping strength per given length.
u |ess critical of tap drill size.

u not as easily damaged in handling.
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Their disadvantages are...

= lower tensile strength.

= reduced vibrational resistance.
® coarse adjustment.

Fine Threads provide...

® higher tensile strength.

m greater vibrational resistance.
= finer adjustment.

Their disadvantages are...

u easier cross threaded.

= threads damaged more easily by handling.
= tap drill size slightly more critical.

u slightly lower thread stripping strength.

Other Design Guidelines

In addition to the joint design factors discussed, the
following considerations are important to the proper use
of high-strength fasteners.

= Adequate thread engagement should be guaranteed
by use of the proper mating nut height for the system.
Minimum length of engagement recommended in a
tapped hole depends on the strength of the material,
but in all cases should be adequate to prevent stripping.

m Specify nut of proper strength level. The bolt and nut
should be selected as a system.

m Specify compatible mating female threads. 2B tapped
holes or 3B nuts are possibilities.

m Corrosion, in general, is a problem of the joint, and not
just of the bolt alone. This can be a matter of galvanic
action between dissimilar metals. Corrosion of the
fastener material surrounding the bolt head or nut can
be critical with high-strength bolting. Care must be
exercised in the compatibility of joint materials and/or
coatings to protect dissimilar metals.

PROCESSING CONTROL

The quality of the raw material and the processing
control will largely affect the mechanical properties of
the finished parts.

MATERIAL SELECTION

The selection of the type of material will depend on its
end use. However, the control of the analysis and quality
is a critical factor in fastener performance. The material
must yield reliable parts with few hidden defects such as
cracks, seams, decarburization and internal flaws.

FABRICATION METHOD

Head

There are two general methods of making bolt heads,
forging and machining. The economy and grain flow
resulting from forging make it the preferred method.

The temperature of forging can vary from room
temperature to 2000°F. By far, the greatest number of
parts are cold upset on forging machines known as
headers or boltmakers. For materials that do not have
enough formability for cold forging, hot forging is used.
Hot forging is also used for bolts too large for cold upset-
ting due to machine capacity. The largest cold forging

machines can make bolts up to 1-1/2 inch diameter. For
large quantities of bolts, hot forging is more expensive
then cold forging.

Some materials, such as stainless steel, are warm
forged at temperatures up to 1000°F. The heating results
in two benefits, lower forging pressures due to lower
yield strength and reduced work hardening rates.

Machining is the oldest method and is used for very
large diameters or small production runs.

The disadvantage is that machining cuts the metal
grain flow, thus creating planes of weakness at the
critical head-to-shank fillet area. This can reduce tension
fatigue performance by providing fracture planes.

Fillets

The head-to-shank transition (fillet) represents a sizable
change in cross section at a critical area of bolt perfor-
mance. It is important that this notch effect be mini-
mized. A generous radius in the fillet reduces the notch
effect. However, a compromise is necessary because too
large a radius will reduce load-bearing area under the
head.

Composite radii such as elliptical fillets, maximize
curvature on the shank side of the fillet and minimize it
on the head side to reduce loss of bearing area on the
load-bearing surface.

Critical Fastener Features

Head-Shank-Fillet: This area on the bolt must not be
restricted or bound by the joint hole. A sufficient chamfer
or radius on the edge of the hole will prevent interfer-
ence that could seriously reduce fatigue life. Also, if the
bolt should seat on an unchamfered edge, there might
be serious loss of preload if the edge breaks under load.

Threads
Threads can be produced by grinding, cutting or rolling.

In a rolled thread, the material is caused to flow into
the thread die contour, which is ground into the surface
during the manufacture of the die. Machines with two or
three circular dies or two flat dies are most common.

Thread cutting requires the least tooling costs and is
by far the most popular for producing internal threads. It
is the most practical method for producing thin wall
parts and the only technique available for producing
large diameter parts (over 3 inches in diameter).

Thread grinding yields high dimensional precision
and affords good control of form and finish. It is the only
practical method for producing thread plug gages.

Both machining and grinding have the disadvantage
of cutting material fibers at the most critical point of
performance.

The shape or contour of the thread has a great effect
on the resulting fatigue life. The thread root should be
large and well rounded without sharp corners or stress
risers. Threads with larger roots should always be used
for harder materials.

In addition to the benefits of grain flow and con-
trolled shape in thread rolling, added fatigue life can
result when the rolling is performed after heat treatment.
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SCREW FASTENER THEORY & APPLICATIONS

This is the accepted practice for high fatigue perfor-
mance bolts such as those used in aircraft and space
applications.

FASTENER POINT END

0

RELATIVE INTERNAL STRESS

AT FIRST ENGAGED THREAD
FASTENER HEAD END

EVALUATING PERFORMANCE

Mechanical Testing

In the fastener industy, a system of tests and examina-
tions has evolved which yields reliable parts with proven
performance.

Some tests are conducted on the raw material; some
on the finished product.

There always seems to be some confusion regarding
mechanical versus metallurgical properties. Mechanical
properties are those associated with elastic or inelastic
reaction when force is applied, or that involve the rela-
tionship between stress and strain. Tensile testing stress-
es the fastener in the axial direction. The force at which
the fastener breaks is called the breaking load or ultimate
tensile strength. Load is designated in pounds, stress in
pounds per square inch and strain in inches per inch.

When a smooth tensile specimen is tested, the chart
obtained is called a Stress-Strain Curve. From this curve,
we can obtain other useful data such as yield strength.
The method of determining yield is known as the offset
method and consists of drawing a straight line parallel to
the stress strain curve but offset from the zero point by a
specified amount. This value is usually 0.2% on the strain
ordinate. The yield point is the intersection of the stress-
strain curve and the straight line. This method is not
applicable to fasteners because of the variables intro-
duced by their geomety.

When a fastener tensile test is plotted, a load/
elongation curve can be obtained. From this curve, a
yield determination known as Johnson’s 2/3 approximate
method for determination of yield strength is used to
establish fastener yield, which will be acceptable for
design purposes. It is not recommended for quality
control or specification requirements.

Torque-tension testing is conducted to correlate the
required torque necessary to induce a given load in a
mechanically fastened joint. It can be performed by hand
or machine. The load may be measured by a tensile
machine, a load cell, a hydraulic tensile indicator or by
a strain gage.

Fatigue tests on threaded fasteners are usually alter-
nating tension-tension loading. Most testing is done at
more severe strain than its designed service load but
ususally below the material yield strength.

Shear testing, as previously mentioned, consists
of loading a fastener perpendicular to its axis. All shear
testing should be accomplished on the unthreaded
portion of the fastener.

Checking hardness of parts is an indirect method for
testing tensile strength. Over the years, a correlation of
tensile strength to hardness has been obtained for most
materials. See page 83 for more detailed information.
Since hardness is a relatively easy and inexpensive test,
it makes a good inspection check. In hardness checking,
it is very important that the specimen be properly pre-
pared and the proper test applied.

Stress durability is used to test parts which have
been subjected to any processing which may have an
embrittling effect. It requires loading the parts to a value
higher than the expected service load and maintaining
that load for a specified time after which the load is
removed and the fastener examined for the presence of
cracks.

Impact testing has been useful in determining the
ductile brittle transformation point for many materials.
However, because the impact loading direction is
transverse to a fastener's normal longitude loading, its
usefulness for fastener testing is minimal. It has been
shown that many fastener tension impact strengths do
not follow the same pattern or relationship of Charpy
or Izod impact strength.

Metallurgical Testing

Metallurgical testing includes chemical composition,
microstructure, grain size, carburization and decarbur-
ization, and heat treat response.

The chemical composition is established when the
material is melted. Nothing subsequent to that process
will influence the basic composition.

The microstructure and grain size can be influenced
by heat treatment. Carburization is the addition of carbon
to the surface which increases hardness. It can occur if
heat treat furnace atmospheres are not adequately con-
trolled. Decarburization is the loss of carbon from the
surface, making it softer. Partial decarburization is prefer-
able to carburization, and most industrial standards allow
it within limits.

In summary, in order to prevent service failures, many
things must be considered:

The Application Requirements
Strength Needed — Safety Factors
u Tension/Shear/Fatigue

= Temperature

u Corrosion

® Proper Preload

The Fastener Requirements
= Material

® Fabrication Controls

® Performance Evaluations
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AN EXPLANATION OF JOINT DIAGRAMS

When bolted joints are subjected to external tensile
loads, what forces and elastic deformation really exist?
The majority of engineers in both the fastener manufac-
turing and user industries still are uncertain. Several
papers, articles, and books, reflecting various stages of
research into the problem have been published and the
volume of this material is one reason for confusion.
The purpose of this article is to clarify the various
explanations that have been offered and to state the
fundamental concepts which apply to forces and elastic
deformations in concentrically loaded joints. The article
concludes with general design formulae that take into
account variations in tightening, preload loss during
service, and the relation between preloads, external
loads and bolt loads.

The Joint Diagram

Forces less than proof load cause elastic strains.
Conversely, changes in elastic strains produce force
variations. For bolted joints this concept is usually
demonstrated by joint diagrams.

The most important deformations within a joint are
elastic bolt elongation and elastic joint compression in
the axial direction. If the bolted joint in Fig. 1 is subjected
to the preload F; the bolt elongates as shown by the line
OB in Fig. 2A and the joint compresses as shown by
the line OJ. These two lines, representing the spring
characteristics of the bolt and joint, are combined into
one diagram in Fig. 2B to show total elastic deformation.

If a concentric external load F. is applied under the
bolt head and nut in Fig. 1, the bolt elongates an addi-
tional amount while the compressed joint members
partially relax. These changes in deformation with
external loading are the key to the interaction of forces
in bolted joints.

In Fig. 3A the external load F, is added to the joint
diagram Fe is located on the diagram by applying the
upper end to an extension of OB and moving it in until
the lower end contacts OJ. Since the total amount of
elastic deformation (bolt plus joint) remains constant for
a given preload, the external load changes the total bolt
elongation to Alg + A and the total joint compression to
Aly— A,

In Fig. 3B the external load F. is divided into an addi-
tional bolt load F. and the joint load Fj, which unloads
the compressed joint members. The maximum bolt load
is the sum of the load preload and the additional bolt
load:

FB max = I:i + FeB

If the external load Fe is an alternating load, Fg is that
part of F, working as an alternating bolt load, as shown
in Fig. 3B. This joint diagram also illustrates that the joint
absorbs more of the external load than the bolt subjected
to an alternating external load.

The importance of adequate preload is shown in Fig.
3C. Comparing Fig. 3B and Fig. 3C, it can be seen that Fgs
will remain relatively small as long as the preload F; is
greater than F,,. Fig. 3C represents a joint with insufficient
preload. Under this condition, the amount of external
load that the joint can absorb is limited, and the excess

load must then be applied to the bolt. If the external load
is alternating, the increased stress levels on the bolt pro-
duce a greatly shortened fatigue life.

When seating requires a certain minimum force or
when transverse loads are to be transformed by friction,
the minimum clamping load F, i, is important.

I:J min = FB max — Fe

3 4

LOAD
LOAD

BOLT JOINT

- o * . - 0

v
4
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Joint
Compression

Bl |

P Bolt Elongation

B A B J
< Fig. 1 (above) Joint
S components
F
Ny
ot Abg Al ——h © "

Total Elastic Deformation m——————i

Fig. 2 Joint diagram is obtained by combining load vs.
deformation diagrams of bolt and joints.
and external load divided

.l
into an additional bolt

£ load F¢g and reduction in
' joint compression Fe, (B).
Joint diagram (C) shows
how insufficient preload F;

Fig. 3 The complete simple
joint diagrams show

m

Alg + )

bolt load Fgg.
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To construct a joint diagram, it is necessary to determine
the spring rates of both bolt and joint. In general, spring
rate is defined as:

- F
Al
From Hook’s law:
Al=F
EA
Therefore:
K= EA

To calculate the spring rate of bolts with different
cross sections, the reciprocal spring rates, or compli-
ances, of each section are added:

U
Ks K4 K, K,
Thus, for the bolt shown in Fig. 4:
A _1(o4d h, h ok, 04d
Ks E\ A A A Anm Am

where
d =the minor thread diameter and
A, = the area of the minor thread diameter

This formula considers the elastic deformation of the
head and the engaged thread with a length of 0.4d each.

Calculation of the spring rate of the compressed
joint members is more difficult because it is not always
obvious which parts of the joint are deformed and which
are not. In general, the spring rate of a clamped part is:

K, = EAs
Iy

where A is the area of a substitute cylinder to be
determined.

Fig. 4 Analysis
of bolt lengths
contributing to
the bolt spring
rate.

When the outside diameter of the joint is smaller than or
equal to the bolt head diameter, i.e.,as in a thin bushing,
the normal cross sectioned area is computed:

A= % (D2 - Dy2)

where
D. = OD of cylinder or bushing and
Dy = hole diameter

When the outside diameter of the joint is larger than
head or washer diameter Dy, the stress distribution is in
the shape of a barrel, Fig 5. A series of investigations II
proved that the areas of the following substitute cylinders
are close approximations for calculating the spring con-
tents of concentrically loaded joints.

When the joint diameter D, is greater than Dy but less
than 3Dy;

5

t

(#

[P35

| ¥05

100

ﬁ

Fig. 5 Lines of equal axial stresses in a bolted joint
obtained by the axisymmetric finite element method are
shown for a 9/16-18 bolt preloaded to 100 KSI. Positive
numbers are tensile stresses in KSI; negative numbers
are compressive stresses in KSI.
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Unbrako

A= T" (D2 - D)

+l & -1 % + i
8 \DH 5 100
When the joint diameter D, is equal to or greater than 3Dy:
A= % [(Dy + 0.1 [,)2 = Dy2]
These formulate have been verified in laboratories

by finite element method and by experiments.

Fig. 6 shows joint diagrams for springy bolt and
stiff joint and for a stiff bolt and springy joint. These
diagrams demonstrate the desirability of designing with
springy bolt and a stiff joint to obtain a low additional
bolt load Feg and thus a low alternating stress.

The Force Ratio
Due to the geometry of the joint diagram, Fig. 7,

= g = Ke KB
€ KB + KJ
.. KB
Defining @ =
Ks + Ky
Feg = Fe® and

FeB

e

@, called the Force Ratio, =

For complete derivation of ®, see Fig. 7.

To assure adequate fatigue strength of the selected
fastener the fatigue stress amplitude of the bolt resulting
from an external load F, is computed as follows:

op=x Fe82
Am

Og =% CDFe
2 A

with a spring bolt in a stiff joint.

Effect of Loading Planes

The joint diagram in Fig 3, 6 and 7 is applicable only
when the external load F, is applied at the same loading
planes as the preloaded F;, under the bolt head and the
nut. However, this is a rare case, because the external
load usually affects the joint somewhere between the
center of the joint and the head and the nut.

When a preloaded joint is subjected to an external
load F. at loading planes 2 and 3 in Fig. 8, F, relieves the
compression load of the joint parts between planes 2
and 3. The remainder of the system, the bolt and the
joint parts between planes 1-2 and 3-4, feel additional
load due to F. applied planes 2 and 3, the joint material
between planes 2 and 3 is the clamped part and all other
joint members, fastener and remaining joint material,
are clamping parts. Because of the location of the load-
ing planes, the joint diagram changes from black line
to the blue line. Consequently, both the additional bolt
load Fg nax decrease significantly when the loading planes
of F shift from under the bolt head and nut toward the
joint center.

Determination of the length of the clamped parts is,
however, not that simple. First, it is assumed that the
external load is applied at a plane perpendicular to the
bolt axis. Second, the distance of the loading planes
from each other has to be estimated. This distance may
be expressed as the ratio of the length of clamped parts
to the total joint length. Fig. 9 shows the effect of two
different loading planes on the bolt load, both joints
having the same preload F; and the same external load
F.. The lengths of the clamped parts are estimated to
be 0.75/; for joint A, and 0.25/; for joint B.

In general, the external bolt load is somewhere
between F¢g = 10F, for loading planes under head and
nut and Feg = 0PF, = 0 when loading planes are in the
joint center, as shown in Fig. 10. To consider the loading
planes in calculation, the formula:

ml.;’!
Nl.;ﬂ

n
Nl;ﬂ
Nl;ﬂ

Fig. 6 Joint diagram of a springy bolt in a stiff joint (A), is compared to a diagram of a stiff bolt in a springy joint (B).
Preload F; and external load F, are the same but diagrams show that alternating bolt stresses are significantly lower
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JOINT DIAGRAMS

-\ !

@) X

[L Al e An,—ol / ..
il i ] I'l._

Fig. 7 Analysis of external load F, and derivation of [

Force Ratio ®. =
= Fi i Wl
tan o = N Ko and tan = A, K Fig. 8 Joint diagram shows effect of loading planes of F,
F F FeB F on bolt loads Feg and Fg max - Black diagram shows Feg
A= eB - eJ - - eJ or . . .
ana tan K K and Fg max resulting from F, applied in planes 1 and 4.
B B J Orange diagram shows reduced bolt loads when Fe is
Fes=AtanPand Fez =Atan a applied in planes 2 and 3.

Since Fe = Feg + Foy
Fe=Feg + Atan B

Substituting te::% for A produces: A Estimated: n~0.75
FoFupt Feg tan

tan a

Multiplying both sides by tan a:

Fe tan o = Feg (tan a + tan B) and
Fe tan o
% Yanatanp
Substituting Kg for tan a and K; for tan 3
Fg
Feo = Fe 071G
. Kg
Defining & = Kot K,
Feg =P Fe
® = Fes .and it becomes o.bvious why ®
Feo is called force ratio.

|- Alg » [|¢0.25A1,

Fig. 9 When external load is applied relatively near bolt

head, joint diagram shows resulting alternating stress ag
(A). When same value external load is applied relatively

near joint center, lower alternating stress results (B).
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ELONGATION

Fig. 10 Force diagrams show the effect of the loading planes of the external load on the bolt load.

/ Foo =

FB max

Fig. 11 Modified joint diagram
shows nonlinear compression
of joint at low preloads.



JOINT DIAGRAMS

Feg = ® F. must be modified to :
FeB =n® Fe

where n equals the ratio of the length of the clamped
parts due to F, to the joint length /. The value of n can
range from 1, when F, is applied under the head and nut,
to O, when F, is applies at the joint center. Consequently
the stress amplitude:

®F becomes

General Design Formulae

Hitherto, construction of the joint diagram has assumed
linear resilience of both bolt and joint members. However,
recent investigations have shown that this assumption is
not quite true for compressed parts.

Taking these investigations into account, the joint
diagram is modified to Fig. 11. The lower portion of the
joint spring rate is nonlinear, and the length of the linear
portion depends on the preload level F;. The higher F; the
longer the linear portion. By choosing a sufficiently high
minimum load, F.,;»>2F,, the non-linear range of the joint
spring rate is avoided and a linear relationship between
Fes and F, is maintained.

Also from Fig. 11 this formula is derived:
I:imin = FJmin +( 1 _CD) Fe+AFi

where AF; is the amount of preload loss to be
expected. For a properly designed joint, a preload loss
AF; = - (0.005 to 0.10) F; should be expected.

The fluctuation in bolt load that results from tighten-
ing is expressed by the ratio:

a= Fi max

I:i min
where a varies between 1.25 and 3.0 depending on the
tightening method.

Considering a the general design formulae are:
Finom=FJmin=(1_q)) Fe II
Fimax=al ijin"‘(‘I - ) Fe + AF;]

Femax=al ijin +(1-®) Fe + AR ] + ®F,

Conclusion

The three requirements of concentrically loaded joints
that must be met for an integral bolted joint are:

1. The maximum bolt load FB max must be less than
the bolt yield strength.

2. If the external load is alternating, the alternating
stress must be less than the bolt endurance limit to avoid
fatigue failures.

3. The joint will not lose any preload due to perma-
nent set or vibration greater than the value assumed for
AF;.

SYMBOLS

A Areal(in?
Am Area of minor thread diameter (in.?)
A,  Area of substitute cyliner (in.?)
«  Area of bolt part 1y (in.?)
Diameter of minor thread (in.)
. Outside diameter of bushing (cylinder) (in.)
4w Diameter of Bolt head (in.)
D, Diameter of hole (in.)
D, Diameter of Joint
E Modulus of Elasticity (psi)
F Load (lIb)
F.  External load (Ib.)
Fee Additinal Bolt Load due to external load (Ib)
Fe;, Reduced Joint load due to external load (Ib)
F; Preload on Bolt and Joint (Ib)
AF;  Preload loss (-Ib)
Fi min Minimum preload (Ib)
Fi max Maximum preload (lb)
Fjnom Nominal preload (Ib)

Oo0Qa >

Fg max Maximum Bolt load (Ib)
Fj min Minimum Joint load (Ib)
K Spring rate (Ib/in.)
Kg  Spring rate of Bolt (Ib/in.)
K,  Spring rate of Joint (Ib/in.)
Ky  Spring rate of Bolt part I, (Ib/in.)
I Length (in.)
Al Change in length (in.)
I Length of Bolt (in.)
Alg  Bolt elongation due to F; (in.)
ly Length of Joint (in.)
Al;  Joint compression to F; (in.)
Iy Length of Bolt part x (in.)
Length of clamped parts
Total Joint Length
o] Tightening factor
(O] Force ratio
A Bolt and Joint elongation due to F, (in.)
og  Bolt stress amplitude (+ psi)

n
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TIGHTENING TORQUES AND THE
TORQUE-TENSION RELATIONSHIP

All of the analysis and design work done in advance will
have little meaning if the proper preload is not achieved.
Several discussions in this technical section stress the
importance of preload to maintaining joint integrity.
There are many methods for measuring preload (see
Table 12). However, one of the least expensive tech-
niques that provides a reasonable level of accuracy
versus cost is by measuring torque. The fundamental
characteristic required is to know the relationship
between torque and tension for any particular bolted
joint. Once the desired design preload must be identified
and specified first, then the torque required to induce
that preload is determined.

Within the elastic range, before permanent stretch
is induced, the relationship between torque and tension
is essentially linear (see figure 13). Some studies have
found up to 75 variables have an effect on this relation-
ship: materials, temperature, rate of installation, thread
helix angle, coefficients of friction, etc. One way that has
been developed to reduce the complexity is to depend
on empirical test results. That is, to perform experiments
under the application conditions by measuring the
induced torque and recording the resulting tension. This
can be done with relatively simple, calibrated hydraulic
pressure sensors, electric strain gages, or piezoelectric
load cells. Once the data is gathered and plotted on a
chart, the slope of the curve can be used to calculate a
correlation factor. This technique has created an accepted
formula for relating torque to tension.

T=K XD XP

T = torque, Ibf.-in.
D = fastener nominal diameter, inches
P = preload, Ibf.

K = “nut factor,” “tightening factor,” or “k-value”

If the preload and fastener diameter are selected in
the design process, and the K-value for the application
conditions is known, then the necessary torque can be
calculated. It is noted that even with a specified torque,
actual conditions at the time of installation can result in
variations in the actual preload achieved (see Table 12).

One of the most critical criteria is the selection of the
K-value. Accepted nominal values for many industrial
applications are:

K = 0.20 for as-received steel bolts into steel holes

K = 0.15 steel bolts with cadmium plating, which acts like
a lubricant,

K = 0.28 steel bolts with zinc plating.

The K-value is not the coefficient of the friction (W) it is
an empirically derived correlation factor.

It is readily apparent that if the torque intended for a
zinc plated fastener is used for cadmium plated fastener,
the preload will be almost two times that intended; it
may actually cause the bolt to break.

Another influence is where friction occurs. For steel
bolts holes, approximately 50% of the installation torque
is consumed by friction under the head, 35% by thread
friction, and only the remaining 15% inducing preload
tension. Therefore, if lubricant is applied just on the

fastener underhead, full friction reduction will not be
achieved. Similarly, if the material against which the
fastener is bearing, e.g. aluminum, is different than the
internal thread material, e.g. cast iron, the effective
friction may be difficult to predict, These examples
illustrate the importance and the value of identifying
the torque-tension relationship. It is a recommend
practice too contact the lubricant manufacturer for
K-value information if a lubricant will be used.

The recommended seating torques for Unbrako
headed socket screws are based on inducing preloads
reasonably expected in practice for each type. The
values for Unbrako metric fasteners are calculated
using VDI2230, a complex method utilized extensively
in Europe. All values assume use in the received con-
dition in steel holes. It is understandable the designer
may need preloads higher than those listed. The
following discussion is presented for those cases.

TORSION-TENSION YIELD AND TENSION
CAPABILITY AFTER TORQUING

Once a headed fastener has been seated against a bear-
ing surface, the inducement of torque will be translated
into both torsion and tension stresses. These stresses
combine to induce twist. If torque continues to be induced,
the stress along the angle of twist will be the largest
stress while the bolt is being torqued. Consequently, the
stress along the bolt axis (axial tension) will be something
less. This is why a bolt can fail at a lower tensile stress
during installation than when it is pulled in straight tension
alone, eg . a tensile test. Research has indicated the axial
tension can range from 135,000 to 145,000 PSI for industry
socket head cap screws at torsion-tension yield, depend-
ing on diameter. Including the preload variation that can
occur with various installation techniques, eg. up to 25%,
it can be understood why some recommended torques
induce preload reasonably lower than the yield point.

Figure 13 also illustrates the effect of straight tension
applied after installation has stopped. Immediately after
stopping the installation procedure there will be some
relaxation, and the torsion component will drop toward
zero. This leaves only the axial tension, which keeps
the joint clamped together. Once the torsion is relieved,
the axial tension yield value and ultimate value for the
fastener will be appropriate.

Table 12
Industrial Fasteners Institute’s
Torque-Measuring Method

Preload Measuring Accuracy Relative
Method Percent Cost
Feel (operator’s judgement) +35 1
Torque wrench +25 1.5
Turn of the nut +15 3
Load-indicating washers +10

Fastener elongation +3to 5 15
Strain gages +1 20
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Fig. 14 Fig. 13 Torque/Tension Relationship
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Fig. 15 Recommended Seating Torques (Inch-Lb.) for Application in Various Materials
UNBRAKO pHd (1960 Series) Socket Head Cap Screws
mild steel Rb 87 brass Rb 72 aluminum Rb 72
cast iron Rb 83 note 1 note 2 (2024-T4) note 3
UNC UNF UNC UNF UNC UNF
screw
size plain plain plain plain plain plain
#0 - *2.1 - *2.1 - *2.1
#1 *3.8 *4.1 *3.8 *4.1 *3.8 *4.1
#2 *6.3 *6.8 *6.3 *6.8 *6.3 *6.8
#3 *9.6 *10.3 *9.6 *10.3 *9.6 *10.3
#4 *13.5 *14.8 *13.5 *14.8 *13.5 *14.8
#5 *20 *21 *20 *21 *20 *21
#6 *25 *28 *25 *28 *25 *28
#8 *46 *48 *46 *48 *46 *48
#10 *67 *76 *67 *76 *67 *76
1/4 *158 *180 136 136 113 113
5/16 *326 *360 228 228 190 190
3/8 *580 635 476 476 397 397
7/16 *930 *1,040 680 680 570 570
1/2 *1,420 *1,590 1,230 1,230 1,030 1,030
9/16 *2,040 2,250 1,690 1,690 1,410 1,410
5/8 *2,820 3,120 2,340 2,340 1,950 1,950
3/4 *5,000 5,340 4,000 4,000 3,340 3,340
7/8 *8,060 8,370 6,280 6,280 5,230 5,230
1 *12,100 12,800 9,600 9,600 8,000 8,000
11/8 *13,800 *15,400 13,700 13,700 11,400 11,400
11/4 *19,200 *21,600 18,900 18,900 15,800 15,800
13/8 *25,200 *28,800 24,200 24,200 20,100 20,100
11/2 *33,600 *36,100 32,900 32,900 27,400 27,400
NOTES: *Denotes torques based on 100,000 psi tensile stress in screw

1. Torques based on 80,000 psi bearing stress under head of screw.
2. Torques based on 60,000 psi bearing stress under head of screw.
3. Torques based on 50,000 psi bearing stress under head of screw.

threads up to 1" dia., and 80,000 psi for sizes 1 1/8" dia. and larger.

To convert inch-pounds to inch-ounces — multiply by 16.
To convert inch-pounds to foot-pounds — divide by 12.
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Unbrako

STRIPPING STRENGTH OF TAPPED HOLES

Charts and sample problems for obtaining minimum
thread engagement based on applied load, material,
type of thread and bolt diameter.

Knowledge of the thread stripping strength of
tapped holes is necessary to develop full tensile strength
of the bolt or, for that matter, the minimum engagement
needed for any lesser load.

Conversely, if only limited length of engagement is
available, the data help determine the maximum load
that can be safely applied without stripping the threads
of the tapped hole.

Attempts to compute lengths of engagement and
related factors by formula have not been entirely satis-
factory-mainly because of subtle differences between
various materials. Therefore, strength data has been
empirically developed from a series of tensile tests of
tapped specimens for seven commonly used metals
including steel, aluminum, brass and cast iron.

The design data is summarized in the six accom-
panying charts, (Charts E504-E509), and covers a range
of screw thread sizes from #0 to one inch in diameter
for both coarse and fine threads. Though developed
from tests of Unbrako socket head cap screws having
minimum ultimate tensile strengths (depending on the
diameter) from 190,000 to 180,000 psi , these stripping
strength values are valid for all other screws or bolts of
equal or lower strength having a standard thread form.
Data are based on static loading only.

In the test program, bolts threaded into tapped spec-
imens of the metal under study were stressed in tension
until the threads stripped. Load at which stripping
occurred and the length of engagement of the specimen
were noted. Conditions of the tests, all of which are met
in a majority of industrial bolt applications, were:

= Tapped holes had a basic thread depth within the range
of 65 to 80 per cent. Threads of tapped holes were
Class 2B fit or better.

= Minimum amount of metal surrounding the tapped
hole was 2 1/2 times the major diameter.

= Test loads were applied slowly in tension to screws
having standard Class 3A threads. (Data, though, will
be equally applicable to Class 2A external threads as
well.)

m Study of the test results revealed certain factors that
greatly simplified the compilation of thread stripping
strength data:

m Stripping strengths are almost identical for loads
applied either by pure tension or by screw torsion.
Thus data are equally valid for either condition of
application.

u Stripping strength values vary with diameter of screw.
For a given load and material, larger diameter bolts
required greater engagement.

® Minimum length of engagement (as a percent of
screw diameter) is a straight line function of load.
This permits easy interpolation of test data for any
intermediate load condition.

u When engagement is plotted as a percentage of bolt
diameter, it is apparent that stripping strengths for a
wide range of screw sizes are close enough to be
grouped in a single curve. Thus, in the accompanying
charts, data for sizes #0 through #12 have been repre-
sented by a single set of curves.

With these curves, it becomes a simple matter to
determine stripping strengths and lengths of engage-
ment for any condition of application. A few examples
are given below:

Example 1. Calculate length of thread engagement
necessary to develop the minimum ultimate tensile
strength (190,000 psi) of a 1/2-13 (National Coarse)
Unbrako cap screw in cast iron having an ultimate shear
strength of 30,000 psi. E505 is for screw sizes from #0
through #10; E506 and E507 for sizes from 1/4 in. through
5/8 in.; E508 and E509 for sizes from 3/4 in. through 1 in.
Using E506 a value 1.40D is obtained. Multiplying nomi-
nal bolt diameter (0.500 in.) by 1.40 gives a minimum
length of engagement of 0.700 in.

Example 2. Calculate the length of engagement for
the above conditions if only 140,000 psi is to be applied.
(This is the same as using a bolt with a maximum tensile
strength of 140,000psi.) From E506 obtain value of 1.06D
Minimum length of engagement = (0.500) (1.06) = 0.530.

Example 3. Suppose in Example 1 that minimum
length of engagement to develop full tensile strength
was not available because the thickness of metal allowed
a tapped hole of only 0.600 in. Hole depth in terms of
bolt dia. = 0.600/0.500 = 1.20D. By working backwards in
Fig. 2, maximum load that can be carried is approximately
159,000 psi.

Example 4. Suppose that the hole in Example 1 is
to be tapped in steel having an ultimate shear strength
65,000 psi. There is no curve for this steel in E506 but a
design value can be obtained by taking a point midway
between curves for the 80,000 psi and 50,000 psi steels
that are listed. Under the conditions of the example, a
length of engagement of 0.825D or 0.413 in. will be
obtained.
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HIGH-TEMPERATURE JOINTS

Bolted joints subjected to cyclic loading perform best if
an initial preload is applied. The induced stress mini-
mizes the external load sensed by the bolt, and reduces
the chance of fatigue failure. At high temperature, the
induced load will change, and this can adeversely affect
the fastener performance. It is therefore necessary to
compensate for high-temperature conditions when
assembling the joint at room temperature. This article
describes the factors which must be considered and illus-
trates how a high-temperature bolted joint is designed.

In high-temperature joints, adequate clamping force
or preload must be maintained in spite of temperature-
induced dimensional changes of the fastener relative to
the joint members. the change in preload at any given
temperature for a given time can be calculated, and the
affect compensated for by proper fastener selection and
initial preload.

Three principal factors tend to alter the initial
clamping force in a joint at elevated temperatures,
provided that the fastener material retains requisite
strength at the elevated temperature. These factors are:
Modulus of elasticity, coefficient of thermal expansion,
and relaxation.

Modulus Of Elasticity: As temperature increases,
less stress or load is needed to impart a given amount
of elongation or strain to a material than at lower tem-
peratures. This means that a fastener stretched a certain
amount at room temperature to develop a given preload
will exert a lower clamping force at higher temperature
if there is no change in bolt elongation.

Coefficient of Expansion: With most materials, the
size of the part increases as the temperature increases.
In a joint, both the structure and the fastener grow with
an increase in temperature, and this can result,depend-
ing on the materials, in an increase or decrease in the
clamping force. Thus, matching of materials in joint
design can assure sufficient clamping force at both
room and elevated temperatures. Table 16 lists mean
coefficient of thermal expansion of certain fastener
alloys at several temperatures.

Relaxation: At elevated temperatures, a material
subjected to constant stress below its yield strength will
flow plastically and permanently change size. This phe-
nomenon is called creep. In a joint at elevated tempera-
ture, a fastener with a fixed distance between the bearing
surface of the head and nut will produce less and less
clamping force with time. This characteristic is called
relaxation. It differs from creep in that stress changes
while elongation or strain remains constant. Such
elements as material, temperature, initial stress,
manufacturing method, and design affect the rate of
relaxation.

Relaxation is the most important of the three factors.
It is also the most critical consideration in design of
elevated-temperature fasteners. A bolted joint at 1200°F
can lose as much as 35 per cent of preload. Failure to
compensate for this could lead to fatigue failure through
a loose joint even though the bolt was properly tightened
initially.

If the coefficient of expansion of the bolt is greater
than that of the joined material, a predictable amount of
clamping force will be lost as temperature increases.
Conversely, if the coefficient of the joined material is
greater, the bolt may be stressed beyond its yield or even
fracture strength. Or, cyclic thermal stressing may lead to
thermal fatigue failure.

Changes in the modulus of elasticity of metals with
increasing temperature must be anticipated, calculated,
and compensated for in joint design. Unlike the coeffi-
cient of expansion, the effect of change in modulus is to
reduce clamping force whether or not bolt and structure
are the same material, and is strictly a function of the
bolt metal.

Since the temperature environment and the mate-
rials of the structure are normally “fixed,” the design
objective is to select a bolt material that will give the
desired clamping force at all critical points in the oper-
ating range of the joint. To do this, it is necessary to
balance out the three factors-relaxation, thermal expan-
sion, and modulus-with a fourth, the amount of initial
tightening or clamping force.

In actual joint design the determination of clamping
force must be considered with other design factors such
as ultimate tensile, shear, and fatigue strength of the fas-
tener at elevated temperature. As temperature increases
the inherent strength of the material decreases.
Therefore, it is important to select a fastener material
which has sufficient strength at maximum service
temperature.

Example

The design approach to the problem of maintaining sat-
isfactory elevated-temperature clamping force in a joint
can be illustrated by an example. The example chosen is
complex but typical. A cut-and-try process is used to
select the right bolt material and size for a given design
load under a fixed set of operating loads and environ-
mental conditions, Fig.17.

The first step is to determine the change in thick-
ness, At, of the structure from room to maximum
operating temperature.

For the AISI 4340 material:
Aty = (T, - Th)a
Aty = (0.05)(800 — 70) (7.4 x 10°°)
At; = 0.002701 in.
For the AMS 6304 material:
At, = (0.75)(800 — 70)(7.6 X 107)
At = 0.004161 in.

The total increase in thickness for the joint members
is 0.00686 in.

The total effective bolt length equals the total joint
thickness plus one-third of the threads engaged by the
nut. If it is assumed that the smallest diameter bolt
should be used for weight saving, then a 1/4-in. bolt
should be tried. Thread engagement is approximately
one diameter, and the effective bolt length is:




HIGH-TEMPERATURE JOINTS

Fuv Fe Fe Fv
‘ \ A \ ‘
> AISI 4340 1 T, = 050 in. 3
Fb
j AMS 6304 1 T =075in. g
7
Fv Fe Fe Fv

d = Boltdiam, in. T; = Room temperature= 70°F
E = Modulus of elasticity, psi

F, = Bolt preload, Ib

T, = Maximum operatng
temperature for
1000 hr=800°F

Fo = (CII__ISZrEr;mg force, 1b t = Panel thickness, in.
F., = Working load=1500 Ib a = Coefficient of thermal

static + 100 Ib cyclic expansion

L = Effective bolt length, inc.

Fig. 17 — Parameters for joint operating at 800°F.

L=t1 +t2+(1/3d)
L =0.50 + 0.75 +(1/3 x 0.25)
L=1.333in.

The ideal coefficient of thermal expansion of the
bolt material is found by dividing the total change in
joint thickness by the bolt length times the change in
temperature.

At
L X At

_ 00686
(1.333)(800 — 70)

The material, with the nearest coefficient of expan-
sion is with a value of 9,600,000 at 800°F.

To determine if the bolt material has sufficient
strength and resistance to fatigue, it is necessary to cal-
culate the stress in the fastener at maximum and mini-
mum load. The bolt load plus the cyclic load divided by
the tensile stress of the threads will give the maximum
stress. For a 1/4-28 bolt, tensile stress area,from thread
handbook H 28, is 0.03637 sq. in. The maximum stress is

Boltload = 1500 + 100
Stress area 0.03637

Smax = 44,000 psi
and the minimum bolt stress is 41,200 psi.

H-11 has a yield strength of 175,000 psi at 800°F,
Table 3, and therefore should be adequate for the work-
ing loads.

ab =

a =7.05 x 10®in./in./deg. F

Smax =

A Goodman diagram, Fig. 18, shows the extremes
of stress within which the H-11 fastener will not fail by
fatigue. At the maximum calculated load of 44,000 psi,
the fastener will withstand a minimum cyclic loading at
800°F of about 21,000 psi without fatigue failure.

200

150

Stress (1000 psi)
=
o
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Fig. 18 — Goodman diagram of maximum and minimum
operating limits for H-11 fastener at 800°F. Bolts stressed
within these limits will give infinite fatigue life.

Because of relaxation, it is necessary to determine
the initial preload required to insure 1500-Ib. clamping
force in the joint after 1000 hr at 800°F.

When relaxation is considered, it is necessary to
calculate the maximum stress to which the fastener is
subjected. Because this stress is not constant in dynamic
joints, the resultant values tend to be conservative.
Therefore, a maximum stress of 44,000 psi should be
considered although the necessary stress at 800°F need
be only 41,200 psi. Relaxation at 44,000 psi can be inter-
polated from the figure, although an actual curve could
be constructed from tests made on the fastener at the
specific conditions.

The initial stress required to insure a clamping stress
of 44,000 psi after 1000 hr at 800°F can be calculated by
interpolation.

X =61,000 - 44,000 = 17,000
y = 61,000 — 34,000 = 27,000
B =80,000 - 50,000 = 30,000

A=280,000-C

x =_A 17,000 = 80,000-C
y B 27,000 30,000

C=61,100 psi

The bolt elongation required at this temperature is
calculated by dividing the stress by the modulus at tem-
perature and multiplying by the effective length of the
bolt. That is: (61,000 X 1.333)/24.6 X 10° = 0.0033

Since the joint must be constructed at room tem-
perature, it is necessary to determine the stresses at
this state. Because the modulus of the fastener material
changes with temperature, the clamping force at room
temperature will not be the same as at 800°F. To deter-
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mine the clamping stress at assembly conditions, the
elongation should be multiplied by the modulus of
elasticity at room temperature.

.0033 x 30.6 x 10° = 101,145 psi

The assembly conditions will be affected by the
difference between th ideal and actual coefficients of
expansion of the joint. The ideal coeffienct for the fas-
tener material was calculated to be 7.05 but the closest
material — H-11 - has a coefficient of 7.1. Since this
material has a greater expansion than calculated, there
will be a reduction in clamping force resulting from the
increase in temperature. This amount equals the differ-
ence between the ideal and the actual coefficients
multiplied by the change in temperature, the length of
the fastener, and the modulus of elasticity at 70°F.

[(7.1-7.05) x 107°][800 - 70][1.333] X
[30.6 x 10°] = 1,490 psi

The result must be added to the initial calculated
stresses to establish the minimum required clamping
stress needed for assembling the joint at room
temperature.

101,145 + 1,490 = 102,635 psi

Finally, the method of determining the clamping
force or preload will affect the final stress in the joint at
operating conditions. For example, if a torque wrench is

Table 16

used to apply preload (the most common and simplest
method available), a plus or minus 25 per cent variation
in induced load can result. Therefore, the maximum load
which could be expected in this case would be 1.5 times
the minimum, or:

(1.5)(102,635) = 153,950 psi

This value does not exceed the room-temperature
yield strength for H-11 given in Table 19.

Since there is a decrease in the clamping force with
an increase in temperature and since the stress at operat-
ing temperature can be higher than originally calculated
because of variations in induced load, it is necessary to
ascertain if yield strength at 800°F will be exceeded

(max stress at 70°F + change in stress) X E at 800°F
E at 70°F

[153,950 + (-1490)] X 24.6 X 10° = 122,565
30.6 x 10°

This value is less than the yield strength for H-11 at
800°F, Table 19. Therefore, a 1/4-28 H-11 bolt stressed
between 102,635 psi and 153,950 psi at room tempera-
ture will maintain a clamping load 1500 Ib at 800°F after
1000 hr of operation. A cyclic loading of 100 Ib, which
results in a bolt loading between 1500 and 1600 Ib will
not cause fatigue failure at the operating conditions.

PHYSICAL PROPERTIES OF MATERIALS USED TO MANUFACTURE ALLOY STEEL SHCS’S

Coefficient of Thermal Expansion, pum/m/°K’

Table 19 - Yield Strength at Various Temperatures

20°C to 100 200 300 400 500 600
T ture (F
68°F to 212 392 572 752 932 | 1112 Alloy UL
70 800 1000 1200
Material
Stainless Steels
5137M, Type 302 35,000 | 35,000| 34,000/ 30,000
51B37M?2 - 12.6 13.4 13.9 143 | 146 Type 403 145,000 | 110,000 95,000 | 38,000
pp- 112 | 118 124 120 126 - PH 15-7 Mo 220,000 | 149,000 | 101,000 | -
" High Strength Iron-Base Stainless Alloys
4140 12.3 12.7 - 13.7 - 14.5 A 286 95,000 | 95,000 90,000 | 85,000
3 - - - AMS 5616 113,000 | 80,000 60,000 | 40,000
4340 12.4 13.6 14.5 Unitemp 212 | 150,000 | 140,000 | 135,000 | 130,000
3
8735 17 | 122 12.8 13.5 - 14.1 High Strength Iron-Base Alloys
87403 11.6 12.2 12.8 135 _ 14.1 AISI 4340 200,000 | 130,000 | 75,000 -
H-11 (AMS 6485) | 215,000 | 175,000 | 155,000 | -
AMS 6340 160,000 | 100,000 75,000 -
Modulus of Elongation (Young’s Modulus) Nickel-Base Alloys
o Iconel X 115,000 - - 98,000
E = 30,000,000 PSl/in/in Waspaloy 115,000 . 106,000 | 100,000

NOTES:

1. Developed from ASM, Metals HDBK, 9th Edition, Vol. 1 (°C = °K for values listed)

2. ASME SA574
3. AlSI
4. Multiply values in table by .556 for pin/in/°F.
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CORROSION IN THREADED FASTENERS

All fastened joints are, to some extent, subjected to cor-
rosion of some form during normal service life. Design
of a joint to prevent premature failure due to corrosion
must include considerations of the environment, condi-
tions of loading , and the various methods of protecting
the fastener and joint from corrosion.

Three ways to protect against corrosion are:
1. Select corrosion-resistant material for the fastener.

2. Specify protective coatings for fastener, joint inter-
faces, or both.

3. Design the joint to minimize corrosion.

The solution to a specific corrosion problem may
require using one or all of these methods. Economics
often necessitate a compromise solution.

Fastener Material

The use of a suitably corrosion-resistant material is
often the first line of defense against corrosion. In fastener
design, however, material choice may be only one of
several important considerations. For example, the most
corrosion-resistant material for a particular environment
may just not make a suitable fastener.

Basic factors affecting the choice of corrosion resis-
tant threaded fasteners are:

u Tensile and fatigue strength.

= Position on the galvanic series scale of the fastener and
materials to be joined.

m Special design considerations: Need for minimum
weight or the tendency for some materials to gall.

m Susceptibility of the fastener material to other types
of less obvious corrosion. For example, a selected
material may minimize direct attack of a corrosive
environment only to be vulnerable to fretting or stress
corrosion.

Some of the more widely used corrosion-resistant
materials, along with approximate fastener tensile
strength ratings at room temperature and other pertinent
properties, are listed in Table 1. Sometimes the nature of
corrosion properties provided by these fastener materials
is subject to change with application and other condi-

tions. For example, stainless steel and aluminum resist
corrosion only so long as their protective oxide film
remains unbroken. Alloy steel is almost never used, even
under mildly corrosive conditions, without some sort of
protective coating. Of course, the presence of a specific
corrosive medium requires a specific corrosion-resistant
fastener material, provided that design factors such as
tensile and fatigue strength can be satisfied.

Protective Coating

A number of factors influence the choice of a corrosion-
resistant coating for a threaded fastener. Frequently, the I
corrosion resistance of the coating is not a principal
consideration. At times it is a case of economics. Often,
less-costly fastener material will perform satisfactorily in
a corrosive environment if given the proper protective
coating.

Factors which affect coating choice are:
u Corrosion resistance

= Temperature limitations

u Embrittlement of base metal

m Effect on fatigue life

u Effect on locking torque

m Compatibility with adjacent material
= Dimensional changes

u Thickness and distribution

u Adhesion characteristics

Conversion Coatings: Where cost is a factor and cor-
rosion is not severe, certain conversion-type coatings are
effective. These include a black-oxide finish for alloy-steel
screws and various phosphate base coatings for carbon
and alloy-steel fasteners. Frequently, a rust-preventing oil
is applied over a conversion coating.

Paint: Because of its thickness, paint is normally not
considered for protective coatings for mating threaded
fasteners. However, it is sometimes applied as a supple-
mental treatment at installation. In special cases, a fas-
tener may be painted and installed wet, or the entire joint
may be sealed with a coat of paint after installation.

TABLE 1 - TYPICAL PROPERTIES OF CORROSION RESISTANT FASTENER MATERIALS

Tensile Yield Strength | Maximum | Mean Coefficient Position

Materials Strength at 0.2% offset Service of Thermal Expan. Density Base Cost on Galvanic
Stainless Steels (1000 psi) (1000 psi) Temp (F) (in./in./deg F) (Ibs/cu in.) Index Scale
303, passive 80 40 800 10.2 0.286 Medium 8
303, passive, cold worked 125 80 800 10.3 0.286 Medium 9
410, passive 170 110 400 5.6 0.278 Low 15
431, passive 180 140 400 6.7 0.280 Medium 16
17-4 PH 200 180 600 6.3 0.282 Medium 11
17-7 PH 200 185 600 6.7 0.276 Medium 14
AM 350 200 162 800 7.2 0.282 Medium 13
15-7 Mo 200 155 600 - 0.277 Medium 12
A-286 150 85 1200 9.72 0.286 Medium 6
A-286, cold worked 220 170 1200 - 0.286 High 7
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Electroplating: Two broad classes of protective
electroplating are: 1. The barrier type-such as chrome
plating-which sets up an impervious layer or film that is
more noble and therefore more corrosion resistant than
the base metal. 2. The sacrificial type, zinc for example,
where the metal of the coating is less noble than the
base metal of the fastener. This kind of plating corrodes
sacrificially and protects the fastener.

Noble-metal coatings are generally not suitable for
threaded fasteners-especially where a close-tolerance fit
is involved. To be effective, a noble-metal coating must
be at least 0.001 in. thick. Because of screw-thread geom-
etry, however, such plating thickness will usually exceed
the tolerance allowances on many classes of fit for
SCcrews.

Because of dimensional necessity, threaded fastener
coatings, since they operate on a different principle, are
effective in layers as thin as 0.0001 to 0.0002 in.

The most widely used sacrificial platings for threaded
fasteners are cadmium, zinc, and tin. Frequently, the
cadmium and zinc are rendered even more corrosion
resistant by a posting-plating chromate-type conversion
treatment. Cadmium plating can be used at temperatures
to 450°F. Above this limit, a nickel cadmium or nickel-zinc
alloy plating is recommended. This consists of alternate
deposits of the two metals which are heat-diffused into a
uniform alloy coating that can be used for applications to
900°F. The alloy may also be deposited directly from the
plating bath.

Fastener materials for use in the 900 to 1200°F
range (stainless steel, A-286), and in the 1200° to 1800°F
range (high-nickel-base super alloys) are highly corrosion
resistant and normally do not require protective coatings,
except under special environment conditions.

Silver plating is frequently used in the higher tem-
perature ranges for lubrication to prevent galling and
seizing, particularly on stainless steel. This plating can
cause a galvanic corrosion problem, however, because
of the high nobility of the silver.

Hydrogen Embrittlement: A serious problem, known
as hydrogen embrittlement, can develop in plated alloy
steel fasteners. Hydrogen generated during plating can
diffuse into the steel and embirittle the bolt. The result is
often a delayed and total mechanical failure, at tensile
levels far below the theoretical strength, high-hardness
structural parts are particularly susceptible to this condi-
tion. The problem can be controlled by careful selection
of plating formulation, proper plating procedure, and
sufficient baking to drive off any residual hydrogen.

Another form of hydrogen embrittlement, which is
more difficult to control, may occur after installation.
Since electrolytic cell action liberates hydrogen at the
cathode, it is possible for either galvanic or concentra-
tion-cell corrosion to lead to embrittling of the bolt
material.

Joint Design

Certain precautions and design procedures can be
followed to prevent, or at least minimize, each of the
various types of corrosion likely to attack a threaded
joint. The most important of these are:

For Direct Attack: Choose the right corrosion-
resistant material. Usually a material can be found that
will provide the needed corrosion resistance without
sacrifice of other important design requirements. Be
sure that the fastener material is compatible with the
materials being joined.

Corrosion resistance can be increased by using a
conversion coating such as black oxide or a phosphate-
base treatment. Alternatively, a sacrificial coating such
as zinc plating is effective.

For an inexpensive protective coating, lacquer or
paint can be used where conditions permit.

For Galvanic Corrosion: If the condition is severe,
electrically insulate the bolt and joint from each other..

The fastener may be painted with zinc chromate
primer prior to installation, or the entire joint can be
coated with lacquer or paint.

Another protective measure is to use a bolt that is
cathodic to the joint material and close to it in the galvanic
series. When the joint material is anodic, corrosion will
spread over the greater area of the fastened materials.
Conversely, if the bolt is anodic, galvanic action is most
severe.

/—Steel
Insulation
Copper washer
Insulation
V I\ N /_gasket

%
7

%

FIG. 1.1 — A method of electrically insulating a bolted
joint to prevent galvanic corrosion.

For Concentration-Cell Corrosion: Keep surfaces
smooth and minimize or eliminate lap joints, crevices,
and seams. Surfaces should be clean and free of organic
material and dirt. Air trapped under a speck of dirt on the
surface of the metal may form an oxygen concentration
cell and start pitting.

For maximum protection, bolts and nuts should have
smooth surfaces, especially in the seating areas. Flush-
head bolts should be used where possible. Further,
joints can be sealed with paint or other sealant material.

For Fretting Corrosion: Apply a lubricant (usually oil)
to mating surfaces. Where fretting corrosion is likely to
occur: 1. Specify materials of maximum practicable hard-
ness. 2. Use fasteners that have residual compressive
stresses on the surfaces that may be under attack. 3.
Specify maximum preload in the joint. A higher clamping
force results in a more rigid joint with less relative move-
ment possible between mating services.
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CORROSION IN THREADED FASTENERS

For Stress Corrosion: Choose a fastener material that
resists stress corrosion in the service environment.
Reduce fastener hardness (if reduced strength can be
tolerated), since this seems to be a factor in stress
corrosion.

Minimize crevices and stress risers in the bolted joint
and compensate for thermal stresses. Residual stresses
resulting from sudden changes in temperature accelerate
stress corrosion.

If possible, induce residual compressive stresses into
the surface of the fastener by shot-peening or pressure
rolling.

For Corrosion Fatigue: In general, design the joint
for high fatigue life, since the principal effect of this form
of corrosion is reduced fatigue performance. Factors
extending fatigue performance are: 1. Application and
maintenance of a high preload. 2. Proper alignment to
avoid bending stresses.

If the environment is severe, periodic inspection is
recommended so that partial failures may be detected
before the structure is endangered.

As with stress and fretting corrosion, compressive
stresses induced on the fastener surfaces by thread
rolling, fillet rolling, or shot peening will reduce corrosion
fatigue. Further protection is provided by surface coating.

TYPES OF CORROSION

Direct Attack...most common form of corrosion affecting
all metals and structural forms. It is a direct and general
chemical reaction of the metal with a corrosive medium-
liquid, gas, or even a solid.

Galvanic Corrosion...occurs with dissimilar metals contact.
Presence of an electrolyte, which may be nothing more
than an individual atmosphere, causes corrosive action
in the galvanic couple. The anodic, or less noble material,
is the sacrificial element. Hence, in a joint of stainless
steel and titanium, the stainless steel corrodes. One of
the worst galvanic joints would consist of magnesium
and titanium in contact.

Concentration Cell Corrosion...takes place with metals in
close proximity and, unlike galvanic corrosion, does not
require dissimilar metals. When two or more areas on
the surface of a metal are exposed to different concentra-
tions of the same solution, a difference in electrical
potential results, and corrosion takes place.

If the solution consists of salts of the metal itself, a metal-
ion cell is formed, and corrosion takes place on the sur-
faces in close contact. The corrosive solution between
the two surfaces is relatively more stagnant (and thus
has a higher concentration of metal ions in solution) than
the corrosive solution immediately outside the crevice.

A variation of the concentration cell is the oxygen cell in
which a corrosive medium, such as moist air, contains
different amounts of dissolved oxygen at different points.
Accelerated corrosion takes place between hidden

surfaces (either under the bolt head or nut, or between
bolted materials) and is likely to advance without
detection. IT

Fretting...corrosive attack or deterioration occurring
between containing, highly-loaded metal surfaces sub-
jected to very slight (vibratory) motion. Although the
mechanism is not completely understood, it is probably
a highly accelerated form of oxidation under heat and
stress. In threaded joints, fretting can occur between
mating threads, at the bearing surfaces under the head
of the screw, or under the nut. It is most likely to occur in
high tensile, high-frequency, dynamic-load applications.
There need be no special environment to induce this
form of corrosion...merely the presence of air plus vibra-
tory rubbing. It can even occur when only one of the
materials in contact is metal.

Stress Corrosion Cracking...occurs over a period of time
in high-stressed, high-strength joints. Although not fully
understood, stress corrosion cracking is believed to be
caused by the combined and mutually accelerating
effects of static tensile stress and corrosive environment.
Initial pitting somehow tales place which, in turn, further
increases stress build-up. The effect is cumulative and, in
a highly stressed joint, can result in sudden failure.

Corrosion Fatigue...accelerated fatigue failure occurring
in the presence of a corrosive medium. It differs from
stress corrosion cracking in that dynamic alternating
stress, rather than static tensile stress, is the contributing
agent.

Corrosion fatigue affects the normal endurance limit of
the bolt. The conventional fatigue curve of a normal bolt
joint levels off at its endurance limit, or maximum
dynamic load that can be sustained indefinitely without
fatigue failure. Under conditions of corrosion fatigue,
however, the curve does not level off but continues
downward to a point of failure at a finite number of
stress cycles.
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Magnesiumt

Cadmium and Zinc Plate, Galvanized Steel,
Beryllium, Clad Aluminum

Aluminum, 1100, 3003, 5052, 6063,
6061, 356

Steelt, (except corrosion-resistant types)

Aluminumf, 2024, 2014, 7075

Lead, Lead-Tin Solder

Tin, Indium, Tin-Lead Solder

Steel, AISI 410, 416, 420

Chromium Plate, Tungsten, Molybdenum

Steel, AISI 431, 440; AM 355; PH Steels

Leaded Brass, Naval Brass, Leaded Bronze

Commercial yellow Brass and Bronze;
QQ-B-611 Brass

Copper, Bronze, Brass, Copper Alloys per
QQ-C-551, QQ-B-671, MIL-C-20159;
Silver Solder per QQ-S-561

Steel, AISI 301, 302, 303, 304, 316, 321,
347%, A 286

Nickel-Copper Alloys per QQ-N-281,
QQ-N-286, and MIL-N-20184

Nickel, Monel, Cobalt, High-Nickel and
High Cobalt Alloys

Titanium

Silver, High-Silver Alloys

Rhodium, Graphite, Palladium

Gold, Platinum, Gold-Platinum Alloys

///////
“““ N\ i2ie
/77777 N\

A \\ \ /
// \
B—B LEGEND:
N — Not compatible
B - Compatible
T - Compeatible if not exposed within two
miles of salt water

M - Compatible when finished with at
least one coat of primer

FIG. 19 — Metals compatibility chart



IMPACT PERFORMANCE

THE IMPACT PERFORMANCE OF
THREADED FASTENERS

Much has been written regarding the significance of the
notched bar impact testing of steels and other metallic
materials. The Charpy and Izod type test relate notch
behavior (brittleness versus ductility) by applying a single
overload of stress. The results of these tests provide
quantitive comparisons but are not convertible to energy
values useful for engineering design calculations. The
results of an individual test are related to that particular
specimen size, notch geometry and testing conditions
and cannot be generalized to other sizes of specimens
and conditions.

The results of these tests are useful in determining
the susceptibility of a material to brittle behavior when
the applied stress is perpendicular to the major stress.

In externally threaded fasteners, however, the loading
usually is applied in a longitudinal direction. The impact
test, therefore, which should be applicable would be one
where the applied impact stress supplements the major
stress. Only in shear loading on fasteners is the major
stress in the transverse direction.

Considerable testing has been conducted in an effort
to determine if a relationship exists between the Charpy
V notch properties of a material and the tension proper-
ties of an externally threaded fastener manufactured
from the same material.

Some conclusions which can be drawn from the
extensive impact testing are as follows:

1. The tension impact properties of externally threaded
fasteners do not follow the Charpy V notch impact pat-
tern.

2. Some of the variables which effect the tension impact
properties are:

A. The number of exposed threads
B. The length of the fastener

C. The relationship of the fastener shank diameter to
the thread area.

D. The hardness or fastener ultimate tensile strength

Following are charts showing tension impact versus
Charpy impact properties, the effect of strength and
diameter on tension impact properties and the effect of
test temperature.

Please note from figure 21 that while the Charpy
impact strength of socket head cap screw materials are
decreasing at sub-zero temperatures, the tension impact
strength of the same screws is increasing. This compares
favorable with the effect of cryogenic temperatures on
the tensile strength of the screws. Note the similar
increase in tensile strength shown in figure 22.

It is recommended, therefore, that less importance be
attached to Charpy impact properties of materials which
are intended to be given to impact properties for threaded
fasteners. If any consideration is to be given to impact
properties of bolts or screws, it is advisable to investigate
the tension impact properties of full size fasteners since
this more closely approximates the actual application.
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TABLE 20
LOW-TEMPERATURE IMPACT PROPERTIES OF SELECTED ALLOY STEELS

heat temperature* impact energy, transition
composition, % ftlb temp.
quenching | tempering (50%
temp. temp. | Hardness brittle)
AISI no. C Mn Ni Cr Mo F+ F Re -300°F | -200°F -100°F 0°F 100°F °F
4340 0.38 0.77 1.65 0.93 0.21 1550 400 52 11 15 20 21 21 -
600 48 10 14 15 15 16 -
800 44 9 13 16 21 25 -
1000 38 15 18 28 36 36 -130
1200 30 15 28 55 55 55 -185
4360 0.57 0.87 1.62 1.08 0.22 1475 800 48 5 6 10 11 14 -
1000 40 9 10 13 18 23 -10
1200 30 12 15 25 42 43 -110
4380 0.76 0.91 1.67 1.1 0.21 1450 800 49 4 5 8 9 10 -
1000 42 8 8 10 12 15 60
1200 31 5 11 19 33 38 -50
4620 0.20 0.67 1.85 0.30 0.18 1650 300 42 14 20 28 35 35 -
800 34 11 16 33 55 55 -
1000 29 16 34 55 78 78 -
1200 19 17 48 103 115 117 -
4640 0.43 0.69 1.78 0.29 0.20 1550 800 42 16 17 20 25 27 -
1000 37 17 22 35 39 69 -190
1200 29 17 30 55 97 67 -180
4680 0.74 0.77 1.81 0.30 0.21 1450 800 46 5 8 13 15 16 -
1000 41 11 12 15 19 22 -
1200 31 11 13 17 39 43 -
8620 0.20 0.89 0.60 0.68 0.20 1650 300 43 11 16 23 35 35 -
800 36 8 13 20 35 45 -20
1000 29 25 33 65 76 76 -150
1200 21 10 85 107 115 117 -195
8630 0.34 0.77 0.66 0.62 0.22 1575 800 41 7 12 17 25 31 0
1000 34 11 20 43 53 54 -155
1200 27 18 28 74 80 82 -165
8640 0.45 0.78 0.65 0.61 0.20 1550 800 46 5 10 14 20 23 -
1000 38 11 15 24 40 40 -110
1200 30 18 22 49 63 66 -140
8660 0.56 0.81 0.70 0.56 0.25 1475 800 47 4 6 10 13 16 -
1000 41 10 12 15 20 30 -10
1200 30 16 18 25 54 60 -90
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IMPACT PERFORMANCE

TYPICAL TENSION IMPACT AND CHARPY IMPACT
STANDARD UNBRAKO SOCKET HEAD CAP SCREWS

TENSION + 3/8" SIZE SCREWS

TESTED FULL SIZE

Sps

UNBRAKO ENGINEERIN
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Unbrako
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PRODUCT ENGINEERING BULLETIN

UNBRAKO PRODUCT ENGINEERING BULLETIN

Standard Inch Socket Head Cap Screws

Are Not Grade 8 Fasteners

There is a common, yet reasonable, misconception
that standard, inch, alloy steel socket head cap
screws are “Grade 8”. This is not true. The miscon-
ception is reasonable because “Grade 8" is a term
generally associated with “high strength” fasteners.
A person desiring a “high strength” SHCS may
request a “Grade 8 SHCS”. This is technically
incorrect for standard SHCSs. The term Grade 8
defines specific fastener characteristics which must

be met to be called “Grade 8”. Three of the most
important characteristics are not consistent with
requirements for industry standard SHCSs: tensile
strength, hardness, and head marking. Some basic
differences between several fastener classifications
are listed below. The list is not comprehensive but
intended to provide a general understanding.
SHCSs can be manufactured to meet Grade 8
requirements on a special order basis.

Fastener Industry Unbrako
Designation Grade 2 Grade 5 Grade 8 SHCS SHCS
Applicable SAE SAE SAE ASTM ASTM
Standard J429 Ja29 Ja29 A574 A574
SPS-B-271

Strength 74 120 150 180 190
Level, UTS (1/4-3/4) (1/4-1) (1/4 - 11/2) (=1/2) (£1/2)
KSI, min. 60 105 170 180

(7/8 - 11/2) (11/8-11/2) (>1/2) (>1/2)
Hardness, B80-B100 C25-C34 C33-C39 C39-C45 C39-C43
Rockwell B70-B100 C19-C30 C37-C45 C38-C43
General Low or Medium Medium Medium Medium Medium
Material Type Carbon Steel Carbon Steel Carbon Alloy Carbon Alloy Carbon Alloy

Steel Steel Steel

Identification None Three Radial Six Radial SHCS Mfr's ID
Requirement Lines Lines Configuration

Typical
Fasteners

Bolts Screws
Studs Hex Heads

Bolts Screws
Studs Hex Heads

Bolts Screws
Studs Hex Heads

Socket Head
Cap Screws

Socket Head
Cap Screws
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Unbrako

THREADS IN BOTH SYSTEMS

Thread forms and designations have been the subject of
many long and arduous battles through the years.
Standardization in the inch series has come through
many channels, but the present unified thread form could
be considered to be the standard for many threaded
products, particularly high strength ones such as socket
head cap screws, etc. In common usage in U.S.A.,
Canada and United Kingdom are the Unified National
Radius Coarse series, designated UNRC, Unified National
Radius Fine series, designated UNRF, and several special
series of various types, designated UNS. This thread,
UNRC or UNREF, is designated by specifying the diameter
and threads per inch along with the suffix indicating the
thread series, such as 1/4 - 28 UNRF. For threads in Metric
units, a similar approach is used, but with some slight
variations. A diameter and pitch are used to designate
the series, as in the Inch system, with modifications as
follows: For coarse threads, only the prefix M and the
diameter are necessary, but for fine threads, the pitch is
shown as a suffix. For example, M16 is a coarse thread
designation representing a diameter of 16 mm with a
pitch of 2 mm understood. A similar fine thread part
would be M16 x 1.5 or 16 mm diameter with a pitch of
1.5 mm.

COMPLETE DESIGNATIONS

For someone who has been using the Inch system, there
are a couple of differences that can be a little confusing.
In the Inch series, while we refer to threads per inch as
pitch; actually the number of threads is 1/pitch. Fine
threads are referenced by a larger number than coarse
threads because they “fit” more threads per inch.

In Metric series, the diameters are in millimeters, but the
pitch is really the pitch. Consequently the coarse thread
has the large number. The most common metric thread
is the coarse thread and falls generally between the inch
coarse and fine series for a comparable diameter.

Also to be considered in defining threads is the tolerance
and class of fit to which they are made. The International
Standards Organization (ISO) metric system provides

for this designation by adding letters and numbers in a
certain sequence to the callout. For instance, a thread
designated as M5 x 0.8 4g6g would define a thread of

5 mm diameter, 0.8 mm pitch, with a pitch diameter
tolerance grade 6 and allowance “g”. These tolerances
and fields are defined as shown below, similar to the
Federal Standard H28 handbook, which defines all of the
dimensions and tolerances for a thread in the inch series.
The callout above is similar to a designation class 3A fit,
and has a like connotation.

Metric Thread Designation
Nominal Size

Pitch

TTolerance Class Designation

M5 X 0.8 — 4969

L Tolerance Position )

(Allowance)

) Crest Diameter Tolerance Symbol

Tolerance Grade )

Tolerance Position )

(Allowance)
Tolerance Grade )

)  Pitch Diameter Tolerance Symbol

34




METRIC THREADS

Example of thread tolerance positions and magnitudes.
Comparision 5/16 UNC and M8. Medium tolerance grades — Pitch diameter.
Hm DEVIATIONS
NUT THREAD
+200 external internal basic clearance
5/16 UNC M8
150 h H none
v ¢] G small
+100 e large
2B 6H
+50
I1
0
rAllowance Allowance =0
-50 1
2A 6g 6h
-100
-160 After
5/16 UNC Plain  Plating
-200
pm BOLT THREAD
NOTE:
Lower case letters = external threads
Capital letters = internal threads
81
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THROUGH-HOLE PREPARATION

Close Fit: Normally limited to holes for those lengths of
screws threaded to the head in assemblies in which: (1)
only one screw is used; or (2) two or more screws are
used and the mating holes are produced at assembly or
by matched and coordinated tooling.

Normal Fit: Intended for: (1) screws of relatively long
length; or (2) assemblies that involve two or more screws
and where the mating holes are produced by conven-
tional tolerancing methods. It provides for the maximum
allowable eccentricty of the longest standard screws and
for certain deviations in the parts being fastened, such as
deviations in hole straightness; angularity between the
axis of the tapped hole and that of the hole for the shank;
differneces in center distances of the mating holes and
other deviations.

Chamfering: It is considered good practice to chamfer or
break the edges of holes that are smaller than “F” maxi-
mum in parts in which hardness approaches, equals or
exceeds the screw hardness. If holes are not chamfered,
the heads may not seat properly or the sharp edges may
deform the fillets on the screws, making them suscepti-
ble to fatigue in applications that involve dynamic load-
ing. The chamfers, however, should not be larger than
needed to ensure that the heads seat properly or that the
fillet on the screw is not deformed. Normally, the cham-
fers do not need to exceed “F” maximum. Chamfers
exceeding these values reduce the effective bearing area
and introduce the possibility of indentation when the
parts fastened are softer than screws, or the possiblity of
brinnelling of the heads of the screws when the parts are
harder than the screws. (See “F” page 6).

Z

X C 60° ¢ -—-—-—- -
A X C hole dimensions
drill size for hole A .
basic lose fit it counter- | countersink tap drill size **hody | counter-

nominal screw croselll pormat bore diameter D drill bore

size diameter nom. dec. nom. dec. diameter | Max. + 2F(Max.)] UNRC UNRF size size

0 0.0600 51* 0.0670 49* 0.0730 1/8 0.074 - 3/64 #51 1/8

1 0.0730 46* 0.0810 43*% 0.0890 5/32 0.087 1.5mm #53 #46 5/32

2 0.0860 3/32 0.0937 36* 0.1065 3/16 0.102 #50 #50 3/32 3/16

3 0.0990 36* 0.1065 31* 0.1200 7/32 0.115 #47 #45 #36 7/32

4 0.1120 1/8 0.1250 29* 0.1360 7/32 0.130 #43 #42 1/8 7/32

5 0.1250 9/64 0.1406 23* 0.1540 1/4 0.145 #38 #38 9/64 1/4

6 0.1380 23* 0.1540 18* 0.1695 9/32 0.158 #36 #33 #23 9/32
8 0.1640 15* 0.1800 10 0.1935 5/16 0.188 #29 #29 #15 5/16

10 0.1900 5% 0.2055 2% 0.2210 3/8 0.218 #25 #21 #5 3/8
1/4 0.2500 17/64 0.2656 9/23 0.2812 7/16 0.278 #7 #3 17/64 7/16
5/16 0.3125 21/64 0.3281 11/32 0.3437 17/32 0.346 F | 21/64 17/32

3/8 0.0375 25/64 0.3906 13/32 0.4062 5/8 0.415 5/16 Q 25/64 5/8
7/16 0.4375 29/64 0.4531 15/32 0.4687 23/32 0.483 U 25/64 29/64 23/32
1/2 0.5000 33/64 0.5156 17/32 0.5312 13/16 0.552 27/64 29/64 33/64 13/16

5/8 0.6250 41/64 0.6406 21/32 0.6562 1 0.689 35/64 14.5mm | 41/64 1
3/4 0.7500 49/64 0.7656 25/32 0.7812 1-3/16 0.828 21/32 11/16 49/64 1-3/16
7/8 0.8750 57/64 0.8906 29/32 0.9062 1-3/8 0.963 49/64 20.5mm | 57/64 1-3/8
1 1.0000 1-1/64 1.0156 1-1/32 1.0312 1-5/8 1.100 7/8 59/64 1-1/64 1-5/8
1-1/4 1.2500 1-9/32 1.2812 1-5/32 1.3125 2 1.370 1-7/64 1-11/64 1-9/32 2

1-1/2 1.5000 1-17/32 1.56312 1-9/16 1.5625 2-3/8 1.640 34mm 36mm | 1-17/32 2-3/8

** Break edge of body drill hole to clear screw fillet.
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DRILL AND COUNTERBORE SIZES

DRILL AND COUNTERBORE SIZES FOR METRIC SOCKET HEAD CAP SCREWS

{Note (1)] —
[Note (1))
B
3 I
~—D 60deg. Y A— -
| i 4 4 L J
‘ v,
A X Y
Nominal Drill Size
Nominal Size Countersink
or Basic Close Fit Normal Fit Counterbore Diameter
Screw Diameter [Note (2)] [Note (3)] Diameter [Note (1)1
M1.6 1.80 1.95 3.50 2.0
M2 2.20 2.40 4.40 2.6
M2.5 2.70 3.00 5.40 3.1
M3 3.40 3.70 6.50 3.6
M4 4.40 4.80 8.25 4.7
M5 5.40 5.80 9.75 5.7
Mé 6.40 6.80 11.25 6.8
M8 8.40 8.80 14.25 9.2
M10 10.50 10.80 17.25 11.2
M12 12.50 12.80 19.25 14.2
M14 14.50 14.75 22.25 16.2
M16 16.50 16.75 25.50 18.2
M20 20.50 20.75 31.50 22.4
M24 24.50 24.75 37.50 26.4
M30 30.75 31.75 47.50 33.4
M36 37.00 37.50 56.50 39.4
M42 43.00 44.0 66.00 45.6
M48 49.00 50.00 75.00 52.6
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HARDNESS - TENSILE CONVERSION

INCH
ROCKWELL - BRINELL - TENSILE CONVERSION
tensile tensile Rockwell tensile
Rockwell Brinell strength Rockwell Brinell strength Brinell strength
“C" hardness approx. “C" hardness approx. “Cc" | “B" hardness approx.
scale number 1000 psi scale number 1000 psi scale | scale number 1000 psi
60 654 336 43 408 200 26 259 123
59 634 328 42 398 194 25 253 120
58 615 319 41 387 188 24 247 118
57 595 310 40 377 181 23 241 115
56 577 301 39 367 176 22 100 235 112
55 560 292 38 357 170 21 99 230 110
54 543 283 37 347 165 20 98 225 107
53 524 274 36 337 160 (19) 220 104
52 512 265 35 327 155 (18) | 97 215 103
51 500 257 34 318 150 (17) 210 102
50 488 249 33 309 147 (16) | 96 206 100
49 476 241 32 301 142 (15) 201 99
48 464 233 31 294 139 (14) | 95 197 97
47 453 225 30 285 136 (13) | 94 193 96
46 442 219 29 279 132 (12) | 93 190 93
45 430 212 28 272 129 (11) 186 91
44 419 206 27 265 126 (10) | 92 183 90
METRIC
ROCKWELL - BRINELL - TENSILE CONVERSION
tensile tensile Rockwell tensile
Rockwell Brinell strength Rockwell Brinell strength Brinell strength
“c" hardness approx. “c" hardness approx. “c" | “B" hardness approx.
scale number MPa scale number MPa scale | scale number MPa
60 654 2,317 43 408 1,379 26 259 848
59 634 2,261 42 398 1,338 25 253 827
58 615 2,199 41 387 1,296 24 247 814
57 595 2,137 40 377 1,248 23 241 793
56 577 2,075 39 367 1,213 22 100 235 772
55 560 2,013 38 357 1,172 21 99 230 758
54 543 1,951 37 347 1,138 20 98 225 738
53 524 1,889 36 337 1,103 (19) 220 717
52 512 1,827 35 327 1,069 (18) | 97 215 710
51 500 1,772 34 318 1,034 (17) 210 703
50 488 1,717 33 309 1,014 (16) | 96 206 690
49 476 1,662 32 301 979 (15) 201 683
48 464 1,606 31 294 958 (14) | 95 197 669
47 453 1,651 30 285 938 (13) | 94 193 662
46 442 1,510 29 279 910 (12) | 93 190 641
45 430 1,462 28 272 889 (11) 186 627
44 419 1,420 27 265 869 (10) | 92 183 621
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THREAD STRESS AREAS

Inch and Metric

STRESS AREAS FOR THREADED FASTENERS - INCH

Inch
Threads Per in. Square Inches
Tensile Stress Area Per H-28
Diameter (in.) Diameter (mm) UNRC UNRF UNRC UNRF Nominal Shank
#0 0.06 1.52 - 80 - 0.00180 0.002827
#1 0.07 1.85 64 72 0.00263 0.00278 0.004185
#2 0.09 2.18 56 64 0.00370 0.00394 0.005809
#3 0.10 2.51 48 56 0.00487 0.00523 0.007698
#4 0.11 2.84 40 48 0.00604 0.00661 0.009852
#5 0.13 3.18 40 44 0.00796 0.00830 0.012272 I
#6 0.14 3.51 32 40 0.00909 0.01015 0.014957
#8 0.16 4.17 32 36 0.0140 0.01474 0.021124
#10 0.19 4.83 24 32 0.0175 0.0200 0.028353
1/4 0.25 6.35 20 28 0.0318 0.0364 0.049087
5/16 0.31 7.94 18 24 0.0524 0.0580 0.076699
3/8 0.38 9.53 16 24 0.0775 0.0878 0.11045
7/16 0.44 11.11 14 20 0.1063 0.1187 0.15033
172 0.50 12.70 13 20 0.1419 0.1599 0.19635
9/16 0.56 14.29 12 18 0.182 0.203 0.25
5/8 0.63 15.88 11 18 0.226 0.256 0.31
3/4 0.75 19.05 10 16 0.334 0.373 0.44179
7/8 0.88 22.23 9 14 0.462 0.509 0.60132
1 1.00 25.40 8 12 0.606 0.663 0.79
1-1/8 1.13 28.58 7 12 0.763 0.856 0.99402
1-1/4 1.25 31.75 7 12 0.969 1.073 1.2272
1-3/8 1.38 34.93 6 12 1.155 1.315 1.4849
1-1/2 1.50 38.10 6 12 1.405 1.581 1.7671
1-3/4 1.75 44.45 5 12 1.90 2.19 2.4053
2 2.00 50.80 4-1/2 12 2.50 2.89 3.1416
2-1/4 2.25 57.15 4-1/2 12 3.25 3.69 3.9761
2-1/2 2.50 63.50 4 12 4.00 4.60 4.9088
2-3/4 2.75 69.85 4 12 4.93 5.59 5.9396
3 3.00 76.20 4 12 5.97 6.69 7.0686
STRESS AREAS FOR THREADED FASTENERS - METRIC
Nominal Dia. Thread Thread Tensile Nominal Nominal Dia. Thread Thread Tensile Nominal
and Pitch Stress Area Shank Area and Pitch Stress Area Shank Area
(mm) (mm?) (mm?) (mm) (mm?) (mm?)
1.6 x 0.35 1.27 2.01 18x25 192 254
2.0x0.4 2.07 3.14 20x 2.5 245 314
2.5 x 0.45 3.39 4.91 22x25 303 380
3.0x 0.5 5.03 7.07 24 x3 353 452
4.0x0.7 8.78 12.6 27 x 3 459 573
5.0x0.8 14.2 19.6 30x3.5 561 707
6.0x 1 20.1 28.3 33x35 694 855
8.0 x 1.25 36.6 50.3 36 x 4 817 1018
10x 15 58.00 78.5 42 x 4.5 1120 1385
12x1.75 84.3 13 48 x5 1470 1810
14 x2 115 154
16 x 2 157 201
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A General information

A.1 Description

O-Rings offer the designer an efficient and economical
sealing element for a wide range of static or dynamic
applications.

Inexpensive production methods and its ease of use have
made the O-Ring the most widely used seal.

A wide choice of elastomer materials for both standard and
special applications allow the O-Ring to be used to seal
practically all liquid and gaseous media.

O-Rings are vulcanised in moulds and are characterised by
their circular form with annular cross section. The
dimensions of the O-Ring are defined by the inside
diameter d; and the cross section d, (Figure 1).

Cross sections of approx. 0.35 to 40 mm and inside
diameters up to 5,000 mm and more are available.

Q

Figure 1 O-Ring dimensioning

Advantages

Compared with other sealing elements, the O-Ring has a
wide range of advantages:

- Simple, one piece groove design reduces hardware and
design costs

- Compact design allows smaller hardware
- Easy, foolproof installation reduces risk

- Applicable to a wide range of sealing problems, static,
dynamic, single or double acting

- Wide compound choice for compatibility with most fluids

- Ex stock availability of many sizes worldwide for easy
maintenance and repair.

Latest information available at www.tss.trelleborg.com

Edition June 2008

A.2 Applications

O-Rings are used as sealing elements or as energising
elements for hydraulic slipper seals and wipers and thus
cover a large number of fields of application. There are no
fields of industry where the O-Ring is not used. From an
individual seal for repairs or maintenance to a quality
assured application in aerospace, automotive or general
engineering. The O-Ring is used predominantly for static
sealing applications:

- As a radial static seal, e.g. for bushings, covers, pipes,
cylinders

- As an axial static seal, e.g. for flanges, plates, caps.

O-Rings in dynamic applications are recommended only
for moderate service conditions. They are limited by
the speed and the pressure against which they are to seal:

- For low duty sealing of reciprocating pistons, rods,
plungers, etc.

- For sealing of slowly pivoting, rotating or spiral
movements on shafts, spindles, rotary transmission
leadthroughs, etc.

N4

TRELLEBORG

SEALING SOLUTIONS 3




O-Ring

A.3 Method of operation

O-Rings are double-acting sealing elements. The inital
squeeze, which acts in a radial or axial direction
depending on the installation, gives the O-Ring its initial
sealing capability. These forces are superimposed by the
system pressure to create the total sealing force which
increases as the systeme pressure increases (Figure 2).

Under pressure, the O-Ring behaves in a similar way to a
fluid with high surface tension. The pressure is transmitted
uniformly to all directions.

NOS

.
NN
AN

&
Pressure
__J \

A

IT

Figure 2 O-Ring sealing forces with and without system

pressure
: 3 3 E Latest information available at www.tss.trelleborg.com
TRELLEBORG Edition June 2008
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B Technical information

B.1 Materials

B.1.1 Elastomers

Equipment manufacturers and end users expect sealing
systems to operate leak free and to maintain long service
life. Reliability is crucial to effective low maintenance cost
operations. To find the perfect sealing solution in each
individual case both material performance and seal design
are critically important. One of the main used material

groups for sealings are the elastomers. They show good
properties like elasticity or good chemical compatibility.

The following tables provide a summary of the various
elastomer material groups. Trelleborg Sealing Solutions can
offer a large number of materials within each group.

If no particular specifications are given for the material,
standard NBR (Nitrile Rubber) in 70 Shore A will be
supplied (see chapter “B.1.5 Standard materials”).

Table | Elastomers
Designation Trade Name* Abbreviation
1SO 1629 ASTM 1418 TSS
Acrylonitrile-Butadiene Rubber Europrene® NBR NBR N
(Nitrile Rubber) Krynac®
Nipol N®
Perbunan NT
Breon®
Hydrogenated Acrylonitrile-Butadiene Rubber Therban® HNBR HNBR H
Zetpol®
Polyacrylate Rubber Noxtite® ACM ACM A
Hytemp®
Nipol AR®
Chloroprene Rubber Baypren® CR CR WC
Neoprene®
Ethylene Propylene Diene Rubber Dutral® EPDM EPDM E
Keltan®
Vistalon®
Buna EP®
Silicone Rubber Elastoseal® VMQ VMQ S
Rhodorsil®
Silastic®
Silopren®
Fluorosilicone Rubber Silastic® FVYMQ FVMQ F
Tetrafluorethylene-Propylene Copolymer Elastomer Aflas® FEPM TFE / P** WT
Butyl Rubber Esso Butyl® IIR IIR wi
Styrene-Butadiene Rubber Buna $® SBR SBR WB
Europrene®
Polysar S®
Natural Rubber NR WR WR
Fluorocarbon Rubber Dai-EI® FKM FKM Vv
Fluorel®
Tecnoflon®
Viton®
Perfluoro Rubber Isolast® FFKM FFKM J
Kalrez®
Polyester Urethane Zurcon® AU AU WU
Polyether Urethane Adiprene® EU EU wu
Pellethan®
Vulcollan®
Desmopan®

* Selection of registered trade names
** Abbreviation not yet standardised.

Latest information available at www.tss.trelleborg.com

Edition June 2008

ASTM = American Society for Testing and Materials
ISO = International Organisation for Standardisation

N4

TRELLEBORG

SEALING SOLUTIONS 5




O-Ring

Designation Trade Name* Abbreviation
ISO 1629 ASTM 1418 TSS

Chlorosulphonated Polyethylene Rubber Hypalon® cSM cSM WM
Polysulphide Elastomer Thiokol® - W wY
Epichlorohydrin Elastomer Hydrin® - - wo
* Selection of registered trade names ASTM = American Society for Testing and Materials

** Abbreviation not yet standardised. ISO = International Organisation for Standardisation
Table Il The most important types of synthetic rubber, their grouping and abbreviations I1

Chemical name Abbreviation
DIN / 1SO 1629 ASTM D - 1418

M - Group

(saturated carbon molecules in main macro-molecule-chain)

- Polyacrylate Rubber ACM ACM

- Ethylene Acrylate Rubber AEM

- Chlorosulphonated Polyethylene Rubber csm cSm

- Ethylene Propylene Diene Rubber EPDM EPDM

- Ethylene Propylene Rubber EPM EPM

- Fluorocarbon Rubber FKM FKM

- Perfluoro Rubber FFKM FFKM

O - Group

(with oxygen molecules in the main macro-molecule chain)

- Epichlorohydrin Rubber co co

- Epichlorohydrin Copolymer Rubber ECO ECO

R - Group

(unsaturated hydrogene carbon chain)

- Chloroprene Rubber CR CR

- Butyl Rubber IIR IIR

- Nitrile Butadiene Rubber NBR NBR

- Natural Rubber NR NR

- Styrene Butadiene Rubber SBR SBR

- Hydrogenated Nitrile Butadiene Rubber HNBR HNBR

Q - Group

(with Silicone in the main chain)

- Fluorosilicone Rubber FVYMQ FVMQ

- Methyl Vinyl Silicone Rubber VMQ VvMQ

U - Group

(with carbon, oxygen and nitrogen in the main chain)

- Polyester Urethane AU AU

- Polyether Urethane EU EU

: 3 3 E Latest information available at www.tss.trelleborg.com
TRELLEBORG Edition June 2008

6 SEALING SOLUTIONS

253



IT

O-Ring

B.1.2 Application parameters of elastomers

Elastomers as all other organic chemicals have limited use.
External influences such as various media, oxygen or ozone
as well as pressure and temperature will affect the material
properties and therefore their sealing capability.

Elastomer heat resistance / swelling in oil

Elastomers will amongst others swell, shrink or harden and
develop cracks or even tears.

The following

information illustrates the different

application parameters.
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Figure 3 Change of volume in IRM-Oil 903 (old ASTM-Oil No 3)

Latest information available at www.tss.trelleborg.com
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Temperature range

1 Operating temperature
range

[ [ I AU / EU [ ]
The temperature ranges apply only
i | SR di in connection with media that are
0 I 0 compatible with the respective
IR elastomers
[ I I NBR [
I I HNBR [
[T I CR ]
il I ECO [ ]
[ [T ACM I ]
[ I AEM [ ]
[ [ EPDM I |
[ [ FVMQ |
[ [T FKM [ ]
[T FFKM [
[ I I VYMQ 1}
-100 -50 0 50 100 150 200 250 300 350

Temperature (°C)

[[TTT7] Only to be achieved under particular conditions with special
materials

Figure 4 Temperature range of various elastomers

General field of application

Elastomer materials are used to cover a large number of
fields of application. Details regarding resistance in special
media are shown in chapter “Chemical compatibility”,
page 9.

The various elastomers can be characterised as follows:

NBR (Nitrile Butadiene Rubber):

The properties of the Nitrile Rubber depend mainly on the
ACN content which ranges between 18% and 50%. In
general they show good mechanical properties. The
operating temperatures range between -30°C and +100°C
(for a short period of time up to +120°C). Suitable
formulated NBR can be used down to -60°C.

NBR is mostly used with mineral based oils and greases.

FKM (Fluorocarbon Rubber)

Depending on structure and fluorine content FKM
materials can differ with regards to their chemical
resistance and cold-flexibility.

N4

TRELLEBORG

8 SEALING SOLUTIONS

FKM is known especially for its non-flammability, low gas
permeability and excellent resistance to ozone, weathering
and aging.

The operating temperatures of the Fluorocarbon Rubber
range between -20°C and +200°C (for a short period of
time up to +230°C). Suitable formulated FKM can be used
down to -35°C. FKM is also often used with mineral based
oils and greases at high temperatures.

EPDM (Ethylene Propylene Diene Rubber)

EPDM shows good heat, ozone and aging resistance. In
addition they also exhibit high levels of elasticity, good low
temperature behaviour as well as good insulating
properties.

The operating temperatures of applications for EPDM
range between -45°C and +150°C (for a short period of
time up to +175°C). With sulphur cured types the range is
reduced to -45°C and +120°C (for short period of time up to
+150°Q).

EPDM can often be found in applications with brake fluids
(based on glycol) and hot water.

Latest information available at www.tss.trelleborg.com

Edition June 2008
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HNBR (Hydrogenated Nitrile Butadiene Rubber)

HNBR is made via selective hydrogenation of the NBR
butadiene groups. The properties of the HNBR rubber
depend on the ACN content which ranges between 18%
and 50% as well as on the degree of saturation. HNBR
shows good mechanical properties.

The operating temperature of HNBR ranges between -30°C
and +140°C (for a short period of time up to +160°C) in
contact with mineral oils and greases. Special types can be
used down to -40°C.

VMQ (Silicone Rubber)

VMQ shows excellent heat resistance, cold flexibility,
dielectric properties and especially good resistance to
weather, ozone an UV rays.

Specific VMQ formulations are resistant to aliphatic engine
and gear oils, water up to +100°C and high-molecular
chlorinated hydrocarbons. The temperature range is
between -60°C and +200°C (temporary up to +230°C).

FVMQ (Fluorosilicone Rubber)

FVMQ has a good heat resistance, very good low
temperature flexibility, good electrical properties and
excellent resistance to weather, ozone and UV rays.
FVMQ shows a significant better chemical resistance than
standard Silicone especially in hydrocarbons, aromatic
mineral oils, fuel and low molecular aromatic
hydrocarbons e.g. Benzene and Toluene. The temperature
range is between -55°C and +175°C (temporary up to
+200°C).

CR (Chloroprene Rubber)

In general the CR materials show relatively good
resistances to ozone, weathering, chemicals and aging.
Also they show good non-flammability, good mechanical
properties and cold flexibility.

The operating temperatures range between -40°C and
+100°C (for a short period of time up to +120°C). Special
types can be used down to -55°C.

CR materials are found in sealing applications such as
refrigerants, for outdoor applications and in the glue
industry.

ACM (Polyacrylate Rubber)

ACM shows excellent resistance to ozone, weathering and
hot air, although it shows only a medium physical strength,
low elasticity and a relatively limited low temperature
capability.

The operating temperatures range from -20°C and +150°C
(for a short period of time up to +175°C). Special types can
be used down to -35°C.

ACM-materials are mainly used in automotive applications
which require special resistance to lubricants containing
many additives (incl. sulphur) at high temperatures.

Latest information available at www.tss.trelleborg.com

Edition June 2008

FFKM (Perfluoro Rubber)

Perfluoroelastomers show broad chemical resistance similar
to PTFE as well as good heat resistance. They show low
swelling with almost all media.

Depending on the material the operating temperatures
range between -25°C and +240°C. Special types can be used
up to +325°C.

Applications for FFKM can be mostly found in the chemical
and process industries and in all applications with either
aggressive environments or high temperatures.

Polyurethane (Zurcon® Polyurethane)

Polyurethanes are an exceptionally complex material
group. They are individually designed and fit various
applications’ needs. Therefore it is not possible to unify
the materials’ properties.

Zurcon® polyurethane materials from Trelleborg Sealing
Solutions are customized to appropriate applications and
stand out due to their excellent elastic properties and
optimum abrasion resistance. Outstanding tensile strength,
low compression set and good resistance to O, and Os are
further significant characteristics. Depending on the
individual Zurcon® polyurethane type the application
temperature range from below -50°C up to +110°C,
temporary even higher, is feasible.

Chemical compatibility

For the pre-selection of a suitable material group a
comprehensive chemical compatibility guide is available.
This can be downloaded from our website
www.tss.trelleborg.com or you can contact your local
Trelleborg Sealing Solutions company for further details.

It is important to recognise that when using this guide, the
ratings shown are based on published data and immersion
tests. These tests are conducted under laboratory
conditions predominantly at room temperature and may
not represent adequately the conditions in the field.
Relative short term laboratory tests may not pick up all
the additives and impurities which may exist in long term
service applications.

Care must be taken to ensure that all aspects of the
application are considered carefully before a material is
selected. For example at elevated temperatures some
aggressive fluids can cause a much more marked effect
on an elastomer than at room temperature.

Physical properties as well as fluid compatibility need to be
considered. Compression set, hardness, abrasion resistance
and thermal expansion can influence the suitability of a
material for a particular application.

It is recommended that users conduct their own tests to
confirm the suitability of the selected material for each
application.

Our experienced technical staff can be consulted for
further information on specific applications.
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B.1.3 Characteristics and inspection of elastomers

Hardness

One of the most often named properties regarding
Polymer materials is hardness. Even so the values can be
quite misleading.

Hardness is the resistance of a body against penetration of
an even harder body - of a standard shape defined
pressure.

There are two procedures for hardness tests regarding test
samples and finished parts made out of elastomer material:

1. Shore A/D
according to I1SO 868 / I1SO 7619 / DIN 53 505 /
ASTM D 2240
Measurement for test samples

2. Durometer IRHD (International Rubber Hardness
Degree) according to I1SO 48 / ASTM 1414 and 1415
Measurement of test samples and finished parts

The hardness scale has a range of 0 (softest) to 100
(hardest). The measured values depend on the elastic
qualities of the elastomers, especially on the tensile
strength.

The test should be carried out at temperatures of 23 +2°C -
not earlier than 16 hours after the last vulcanisation
process (manufacturing stage). If other temperatures are
being used this should be mentioned in the test report.

Tests should only be carried out with samples which have
not been previously stressed mechanically.

Hardness tests according to Shore A /D

The hardness test device Shore A (indentor with pyramid
base) is a sensible application in the hardness range 10 to
90. Samples with a larger hardness should be tested with
the device Shore D (indentor with spike).

Test specimen:

Diameter min. 30 mm

Thickness min. 6 mm

Upper and lower sides smooth and flat

When thin material is being tested it can be layered
providing minimal sample thickness is achieved by a
maximum of 3 layers. All layers must be at minimum
2 mm thick.

The measurement is done at three different places at a
defined distance and time.

N4
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Shﬁ A Sho_re D

1.25+0.15 mm 1.25+0.15 mm
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\_/ 0.79 + 0.01 mm
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Figure 5 Indentor according to Shore A/ D

Hardness test according to IRHD

The test of the Durometer according to IRHD is used with
test samples as well as with finished goods.

The thickness of the test material has to be adjusted
according to the range of hardness. According to ISO 48
there are two hardness ranges.

Soft: 10 to 35 IRHD = Sample thickness
10 to 15 mm / procedure “L"
Normal: over 35 IRHD = Sample thickness
8 to 10 mm / procedure “N”
Sample thickness
1.5to0 2.5 mm/
procedure “M"

The hardness determined with finished parts or samples
usually vary in hardness determined from specimen
samples, especially those with a curved surface.

Vertically carried pole

Soft, Normal, Normal,
1ISO 48 “L" / 1ISO 48 “"N" / 1ISO 48 "M" /
acLn “CNL” aCM”

VA
_JQL_ 0.4 mm

2.5 mm

—

5

Figure 6 Indentor according to IRHD

Latest information available at www.tss.trelleborg.com
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Influencing parameters on the hardness test for With equivalent material characteristics of the elastomer

polymer materials sample B, the indentor penetrates the deepest at the
surface 3 (convex) and therefore establishes the softest

Various sample thicknesses and geometries as well as area.

various tests can show different hardness values even

though the same materials have been used. As the concave geometry (3) has a stronger effect on

smaller width O-Rings, the tolerances on hardness for
widths under 2.0 mm should be increased up to

. +5 /-8 IRHD.
O-Ring, NBR 75 Shore A
Hardness Compression set
77
II An important parameter regarding the sealing capability is
75 the compression set (CS) of the O-Ring material. Elastomers
when under compression show aside from an elastic
73 element also a permanent plastic deformation (Figure 9).
The compression set is determined in accordance with
71 ISO 815 as follows:
69 Standard test piece: Cylindrical disc, diameter
13 mm and height 6 mm
7 Deformation: 25%
Tension release time: 30 minutes
65
CS = hoh, | 100(%)
63 ho- hy . _ .
Where hg Original height (cross section d)

>
I

61 Height in the compressed state
h, = Height after tension release
59
57
ho
55 T T T T T T T !
0 1 1.5 2 2.5 3.5 5 6 7

Thickness of test-buttons [mm]
[ A shore A, DIN 53505 @ IRDH, IO 48 “CN”  BIRDH, DIN ISO 48 “CM” |

N h
Figure 7 Ranges of hardness depending on sample O !

thickness and test method

a 7
A |

i NON -
yiln

Figure 9 lllustration of the compression set

A
| h2 _|h3

1 2 3
concave plain convex
h1 <h2 < h3

Figure 8 Range of hardness depending on surface
geometry for the equivalent material
characteristics.
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The accuracy of the measured value depends on:

- Test sample thickness

- Deformation

- Measurement deviations

Therefore the values which have been identified with the
test sample cannot be transferred onto the finished part.
The result of the measured finished parts are strongly

influenced by geometrics and measurements as well as the
measuring accuracy of the test equipment.

The following illustration shows the influence of various
measuring deviations (in mm) in respect to the established
compression set CS depending on the cross section of the
measured O-Rings.

IT

Resulting measuring
deviations CS (in %

)
7
@ 1.00
6,
54

———

@178
D 2.62

@ 4.00

@ 5.33

D 6.99
& 10.00

0 0.005 0.010

Measuring deviations of measuring devices absolute (in mm)

0.015 0.020 0.025

Figure 10 Measuring deviations CS depending on O-Ring cross section and measuring accuracy of the test equipment

(schematic illustration)
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B.1.4 Special requirements - authorities and approvals

Seals often have to meet the highest performance
standards and the most stringent of environment and

safety demands.

Also official authorities and associations make great
demands on seals or materials which are to be used in

Table IV Authorities and approvals

their industries. This is often the case if seals are used for
water or gas applications.
The following table shows common authorities and their

requirements.

(former: BgVV)

food") various
paragraphs,
depending on the
application of the seal

Biological tests
Sterilisation tests
Taste tests

Approval / Application Criteria / Standards Tests / Examinations / | Authorities / Institutes /
Examination Contents Associations Laboratories
Certificate /
Guideline
ACS Polymers exposed | French Standard AFNOR | - Analysis of dispensing | ACS 3 certified test
Licensing to drinking water | XP P41-250, part 1-3 according “Synoptic (Accréditation de | laboratories in
Synoptic Paper 1226 Documents” conformité France:
- Storage test (microbe sanitaire) Paris / Vandoevre /
analysis) Lille
BAM Seals for the use |- reactive behaviour with BAM BAM, Berlin
recommendation | in gas or oxygen lubricants (Bundesanstalt fur
fittings - limits for pressure and Materialforschung
temperature und -prtfung)
(DIN 4060)
- seals and components
BfR Polymers exposed | BfR Guidelines - Chemical and physical | BfR BAM, Berlin
Recommendation | to food (“Polymers exposed to tests (Bundesanstalt fur | HY

Risikobewertung)

(Hygiene-Institut,
Gelsenkirchen)

DVGW
Release for Gas

Seals for gas
services and gas
applications

EN 549
EN 682

DVGW, Bonn
(Deutscher Verein
des Gas- und
Wasserfaches e.V.)

Test Laboratory
for Gas, Karlsruhe,
MPA NRW,
Dortmund

DVGW
Release for
drinking water

Seals for pro-
cessing storage
and distribution
of drinking water

BfR Guidelines
(“Polymers exposed to
food”)

Various classifications
and tests - depending
on the application

DVGW, Bonn
(Deutscher Verein
des Gas- und
Wasserfaches e.V.)

Environmental
Hygiene Institute,
Gelsenkirchen
TZW, Karlsruhe

DVGW W270
recommendation

Materials exposed
to drinking water

DVGW, worksheet
W 270

Microbiological

testing: reproduction of
microorganisms on
materials

DVGW, Bonn
(Deutscher Verein
des Gas- und
Wasserfaches e.V.)

TZW, Karlsruhe
HY (Hygiene
Institution),
Gelsenkirchen

FDA
guideline

Materials for
food and
pharmaceutical

“White List” (Register of
permitted dispensing
components), e.g.
according to 21. CFR
Part 177.2600

- Component test
according “White List"
Extended for foods
containing water or oil
Extraction test for
polar / non polar
solvents

FDA
(Food and Drug
Administration)

In house or
external
laboratories

International

Applications for

Various military

Depending on

Various test

Cold- warm- and
hot water

food”)
part 1.3.13

Register of permitted
components

Military military devices specifications and application and laboratories
Releases standards depending on specification

the application
KTW Polymers exposed | BfR Guidelines - Extraction test DVGW, Bonn Environmental
certificate to drinking water, | (“Polymers exposed to - Odour- and taste test (Deutscher Verein | Hygiene Institute,

des Gas- und
Wasserfaches e.V.)

Gelsenkirchen
TZW, Karlsruhe
BAM, Berlin

Latest information available at www.tss.trelleborg.com
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examination

pharmaceutical
use

USP 26 et seqq.,
chapter 87, 88,

specification:
intracutaneous reactive

(United States
Pharmacopeia,

Approval / Application Criteria / Standards Tests / Examinations / | Authorities / Institutes /
Examination Contents Associations Laboratories
Certificate /
Guideline
NSF Release Food and Sanitary | NSF Standard criteria Depending on NSF NSF, USA
application: (National UL, USA
- Test of components Sanitation
- Test of component Foundation)
group
- Physical and chemical
Material tests
- Toxicological and
micro biological
tests
uL Application of UL-guidelines - Chemical uL Underwriters
Listing seals for electrical comparability test (Under-writers laboratory in
equipment + - Additional tests Laboratory) USA/England
appliances depending on
application
uspP For medical and Different specifications: Depending on USP Different test

laboratories

Hot water test

Class | to VI,... tests USA)
- systemic Injections
- muscle implantations
WRAS Polymers exposed | British Standard - Dispensing test WRAS Various accredited
Release to drinking water | BS 6920 - Microbe test (Water Regulations | test laboratories in
(former: WRC) BS 2494 - Extraction test Advisory Scheme) | England

18-03 3-A Sanitary

Food Products

18-03 3-A Sanitary
Standards for
multiple-use rubber
and rubber-like
materials used as
product contact
surfaces in dairy
equipment

Chemical and physical
properties acc. to Class
Ito Il

Organisations:
LAFIS, IAFP, USPHS,
EHEDG, DIC

Various
laboratories

14
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B.1.5 Standard materials

The following tables show the physical properties of Trelleborg Sealing Solutions materials (even when defined

Trelleborg Sealing Solutions standard materials. They as standard) have better physical properties.

concern minimum values. That means that a standard
material meets at least the given values. Many of the

Table V Material specification for standard NBR

NBR 70 NBR 80 NBR 90
Shore A Shore A Shore A
Hardness DIN 53 505 Shore A 705 80+5 90 +5
ASTM D 2240
Tensile strength DIN 53 504 MPa N/mm? > 14 > 12 > 10
ASTM D 412
Elongation at break DIN 53 504 % > 200 > 150 > 100
ASTM D 412
Compression set 24h /100 °C DIN ISO 815B % <25 <30 <30
ASTM D 395B
Heat aging 72h /100 °C DIN 53 508
ASTM D 57
Change of hardness s >73 Shore A max +8 max +8 max +8
Change of tensile strength % max -25 max -25 max -30
Change of elongation at break % max -25 max -25 max -30
Resistance in ASTM-OIL # 1 ‘ 72h /100 °C DIN 53 521
ASTM D 471
Change of hardness S Shore A max +6 max +6 max +6
Change of volume % max -8 max -8 max -8
Resistance in ASTM-OIL # 3 ‘ 72h /100 °C DIN 53 521
ASTM D 471
Change of hardness Shore A max -10 max -10 max -10
Change of volume % max +15 max +15 max +15
Temperature range -30 °C to -25 °Cto -25 °C to
Maximum and minimum operating temperatures +100 °C +100 °C +100 °C
depend on the specific application criteria.
Latest information available at www.tss.trelleborg.com : : i :
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Table VI Material specification for standard EPDM
EPDM 70 EPDM 70 EPDM 75
Shore A Shore A Shore A
sulphur peroxide peroxide
cured cured cured
Hardness DIN 53 505 Shore A 705 705 755
ASTM D 2240
Tensile strength DIN 53 504 MPa > 10 > 10 > 10
ASTM D 412 N/mm?
Elongation at break DIN 53 504 % > 150 > 125 > 125
ASTM D 412 II
Compression set 24h /100 °C DIN ISO 815B % <20
24h /150 °C ASTM D 3958 % <30 <30
Heat aging 72h /100 °C DIN 53 508 X
72h /150 °C ASTM D 573 X X
Change of hardness Shore A max +10 max +10 max +10
Change of tensile strength % max -10 max -20 max -20
Change of elongation at break % max -20 max -20 max -20
Resistance in water 72h /100 °C DIN 53 521
ASTM D 471
Change of hardness S Shore A max -10 max -3 max -3
Change of volume % max +10 max +3 max +3
Temperature range -45 °C to -45 °C to -45 °C to
Maximum and minimum operating temperatures +120 °C +140 °C +140 °C
depend on the specific application criteria.
Table VII Material specification for standard Silicone
Silicone 60 Silicone 70
Shore A Shore A
Hardness DIN 53 505 Shore A 60 5 70+ 5
ASTM D 2240
Tensile strength DIN 53 504 MPa >5 >5
ASTM D 412 N/mm?
Elongation at break DIN 53 504 % > 100 > 100
ASTM D 412
Compression set 24h / 175 °C DIN ISO 815B % <35 <35
ASTM D 395B
Heat aging 72h /225 °C DIN 53 508
Change of hardness ASTM D 573 Shore A max +15 max +15
Change of tensile strength % max -40 max -40
Change of elongation at break % max -40 max -40
Resistance in ASTM-Oil # 1 72h /100 °C DIN 53 521
Change of hardness ASTM D 471 Shore A max -10 max -10
Change of volume % max +20 max +20
Temperature range -55 °C to +200 °C -55 °C to +200 °C
Maximum and minimum operating temperatures
depend on the specific application criteria.

N4
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Table VIII Material specification for standard FKM

FKM 70 FKM 75 FKM 80 FKM 90
Shore A Shore A Shore A Shore A
Hardness DIN 53 505 Shore A 70+ 5 75+5 80+5 90 +5
ASTM D 2240
Tensile strength DIN 53 504 MPa > 10 > 10 > 10 > 10
ASTM D 412 N/mm?
Elongation at break DIN 53 504 % > 125 > 125 > 120 > 100
ASTM D 412
Compression set 24h /175 °C| DIN ISO 815B % <20 <20 <20 <20
ASTM D 395B
Heat aging 72h / 250 °C DIN 53 508
ASTM D 573
Change of hardness Shore A max +10 max +10 max +10 max +10
Change of tensile strength % max -25 max -25 max -25 max -25
Change of elongation at break % max -25 max -25 max -25 max -25
Resistance in ASTM-Oil # 3 ‘ 72h / 150 °C DIN 53 521
Change of hardness ASTM D 471 Shore A max -5 max -5 max -5 max -5
Change of volume % max +5 max +5 max +5 max +5
Resistance in ASTM-FUEL C ‘ 72h / RT DIN 53 521
ASTM D 471
Change of hardness Shore A max -5 max -5 max -5 max -5
Change of volume % max +10 max +10 max +10 max +10
Temperature range -18°Cto | -18°Cto -18 °C to -15 °Cto
Maximum and minimum operating temperatures +200 °C +200 °C +200 °C +200 °C
depend on the specific application criteria.

Latest information available at www.tss.trelleborg.com : : i :
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Table IX Material specification for standard HNBR

HNBR 70 HNBR 75
Shore A Shore A
partially saturated partially saturated
Hardness DIN 53 505 Shore A 705 755
ASTM D 2240
Tensile strength DIN 53 504 MPa > 15 > 15
ASTM D 412 N/mm?
Elongation at break DIN 53 504 % > 250 > 250
ASTM D 412
Compression set 24h /125 °C| DIN ISO 815B % <35 <35 II
ASTM D 395B
Heat aging 72h /150 °C DIN 53 508
Change of hardness ASTM D 573 Shore A max +10 max +10
Change of tensile strength % max -30 max -30
Change of elongation at break % max -30 max -30
Resistance in ASTM-Oil # 1 ‘ 72h /150 °C DIN 53 521
ASTM D 471
Change of hardness S Shore A max +10 max +10
Change of volume % max -10 max -10
Resistance in ASTM-Oil # 3 ‘ 72h /150 °C DIN 53 521
ASTM D 471
Change of hardness S Shore A max -15 max -15
Change of volume % max +20 max +20
Temperature range -30 °C to +130 °C -30 °C to +130 °C
Maximum and minimum operating temperatures
depend on the specific application criteria.

Trelleborg Sealing Solutions offers various materials, which
provide additional advantages, in addition to the standard
materials previously described. The advantages include a
wide range of available molds, special operating
temperature range, special media resistance and

The following table shows preferred materials, which are
characterized by their wide spectrum of use. They can be
used for standard applications as well as for special
industrial applications.

institutional approvals for the portable water,
pharmaceutical and beverage industries.
Table X Preferred materials
Material Hardness | Color | Operating | Material Description
Type Shore A temperature | code
(x5) range
NBR 70 black -30 °C to N7083 | Preferable for sizes acc. to AS 568 B, preferably used for energizing
Nitrile +100 °C elements, good overall performance
Butadiene N Y Y N
Rubber -50 °C to N7T40 Polar”, extremely good low temperature properties, preferably
+100 °C used for static applications in mineral oil and for energizing elements,
preferable for sizes acc. to AS 568 B
-30 °C to N7003 | Preferable for metric sizes, good overall performance, wide range of
+100 °C molds available
-30 °C to N7024 | Good overall performance, preferable for large quantities
+100 °C
-30 °C to N7027 | Preferable for potable water applications: KTW, ACS, NSF61, NSF51,
+100 °C DIN EN 549: 0 °C/ 80 °C, W270, FDA, also suitable for use in gas
applications
90 black -25 °Cto N9002 | Good overall performance, wide range of molds available
+100 °C
: 3 3 E Latest information available at www.tss.trelleborg.com
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Material Hardness | Color | Operating | Material Description
Type Shore A temperature | code
(£5) range
HNBR 70 black -30 °C to H7671 | Good overall performance, wide range of molds available
Hydrogenated +140 °C
Nitril
BLtr::\jiene -35°Cto H7503 | Wide range of operating temperature, good resistance to mineral
Rubber +140 °C oil, good overall performance
FKM 70 green -20 °C to V70GA | Preferable for sizes acc. to AS 568 B, preferably used for energizing
Fluorocarbon +200 °C elements, good overall performance, DVGW, BAM
Rubb
ubber -18 °C to V70G2 | Preferable for sizes acc. to AS 568 B, good overall performance
+200 °C
75 black -20 °C to VC009 | Preferable for sizes acc. to BS 4518 (metric), standard FKM
+200 °C
80 green -18 °C to V80G2 | Good overall performance, wide range of molds available
+200 °C
black -18 °C to V8003 | Good overall performance, wide range of molds available
+200 °C
-20 °C to V8605 | For pharmaceutical and food and beverage industries, FDA
+200 °C
90 green -15 °Cto V90G1 | Good overall performance, wide range of molds available
+200 °C
black -15 °C to V9670 | Good overall performance, wide range of molds available
+200 °C
EPDM 70 black -45 °C to E7502 | Peroxide cured, for pharmaceutical and food and beverage industries,
Ethylene +150 °C KTW, WRAS, FDA, USP Class VI, USP 26, plasticizer content <3 %
P | ] :
ropylene -45 °C to E7002 | Sulfur cured, standard EPDM, wide range of molds available
Diene Rubber o
+125 °C
-45 °C to E7515 | Peroxide cured, standard EPDM, wide range of molds available
+140 °C
-45 °C to E7T41 Peroxide cured, extremely low compression set in hot water and
+150 °C steam. Excellent resistance to ozone, can be used in contact with copper
and brass
-45 °C to E7518 | Peroxide cured, preferable for the use in potable water: KTW, WRAS,
+140 °C FDA, NSF61, NSF51, W270, W534, EN 681, ACS, USP Class VI,
USP 26, plasticizer content < 1 %
vMQ 60 red -50 °C to S60R1 Good overall performance, wide range of molds available
Methyl Vinyl +200 °C
Sili
teon 70 red -50 °C to S70R2 | Sulfur cured, good overall performance, wide range of molds
Rubber . .
+200 °C available
The stated operating temperatures exclude any kind of At time of publication the information contained in this
load. Actual operating temperatures may differ depending literature, including availability or institutional approvals,
on media and load type. is believed to be correct and accurate.

Further materials are available on request.
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B.2 Design recommendations

The following design recommendations cannot be used for
the special Isolast® materials. Please use the Isolast®
brochure or contact our specialists for further details.

B.2.1 Installation recommendations

General recommendations

Before starting installation, check the following points:

Lead-in chamfers made according to drawing?

Bores deburred and edges rounded?

Machining residues, e.g. chips, dirt and foreign particles,
removed?

Screw thread tips covered?

Seals and components greased or oiled?

Ensure media compatibility with the elastomer material.
Trelleborg Sealing Solutions recommends to use the fluid
to be sealed.

Do not use lubricants with solid additives, e.g.
molybdenum disulphide or zinc sulphide.

correct
with lead-in
> chamfer

IT

incorrect
without lead-in
chamfer

Figure 12 Piston installation with O-Ring

correct
with
lead-in

/[ \ chamfer

( incorrect
without
lead-in

chamfer

correct
with lead-in
chamfer

incorrect
without lead-in
chamfer

Figure 11 Rod installation with O-Ring
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Figure 13 O-Ring installation over transverse bores

Manual installation

Use tools without sharp edges!

- Ensure that the O-Ring is not twisted, use installation aids
to assist correct positioning

Use installation aids wherever possible

- Do not over stretch O-Rings

Do not stretch O-Rings made out of cord at the joint.

Latest information available at www.tss.trelleborg.com
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Installation over threads, splines etc.

Should the O-Ring have to be stretched over threads,
splines, keyways etc., then an assembly mandrel is essential.
This mandrel can either be manufactured in a soft metal or
a plastic material obviously without burrs or sharp edges.

Automatic installation

Automatic O-Ring installation requires good preparation.
The surfaces of the O-Rings are frequently treated by
several methods (see chapter “O-Ring friction reduced”).
This offers a number of benefits during installation by

- Reducing the installation forces
- Non-stick effects, easy removal

The handling and installation of dimensionally unstable
components requires a great deal of experience. Reliable
automated installation thus demands special handling and
packing of the O-Rings.

Please ask our specialists for further details.

B.2.2 Initial compression

An initial compression (squeeze) of the O-Ring in the
groove is essential to ensure its function as a primary or
secondary sealing element (Figure 14). It serves to:

- Achieve the initial sealing capability
- Bridge production tolerances

- Assure defined frictional forces

- Compensate for the compression set
- Compensate for wear

Depending on the application, the following values apply
for the initial squeeze as a proportion of the cross section
(do):

Dynamic applications: 6 to 20%
Static applications: 15 to 30%

The design of the grooves can be based on the guide values
for the initial squeeze shown in the diagrams in Figure 15
and 16. These take into account the relationship between
loads and cross sections according to I1SO 3601-2 (version
1987).

Latest information available at www.tss.trelleborg.com
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Figure 14 O-Ring contact pressure installed and under
service pressure
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Figure 15 Permissible range of initial squeeze as a
function of cross section, radial dynamic
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Hydraulics, Pneumatics, static
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Figure 16 Permissible range of Initial squeeze as a
function of cross section, radial static and axial

Compression forces

The deformation forces vary depending on the extent of
the initial squeeze and the Shore hardness. Figure 17 shows
the specific compression force per cm of the seal
circumference as a function of the cross section.

The compression forces shown can be used to estimate the
total force to be applied for static installation of O-Rings.
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Figure 17 Compression forces on the O-Ring
circumference depending on the material

B.2.3 Elongation - compression

With a radial sealing configuration, the O-Ring in an
internal groove - “outside sealing” - should be stretched
over the diameter of the groove. Maximum elongation in
the installed state is 6% for O-Rings with an inner diameter
> 50 mm and 8% for O-Rings with an inner diameter
<50 mm.

With external grooves - “inside sealing” - the O-Ring is
preferably compressed along its circumference. The
maximum circumferential compression in the installed
state is 3%.

Exceeding these values will result in too large increase or
decrease in the O-Ring cross section. Consequently this can
effect the service life of the seal.

The reduction in cross section diameter (d,) can be
calculated as

d2min damax' dlmin

10 6‘[ d J

with dqmin = minimum inside diameter of the O-Ring
damin = Minimum cross section of the O-Ring
d3max = Maximum housing diameter

Reduction,, =

but for approximation it can be assumed, in percentage, to
be half the amount of stretch. An elongation of 1%
corresponds to a reduction of the cross section (d,) of
approx. 0.5%.

Latest information available at www.tss.trelleborg.com
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B.2.4 Methods of installation and design of seal housing

Methods of installation

O-Rings can be used in components in a wide variety of
ways.

During the design stage installation must be taken into
consideration. In order to avoid damage during installation
it should not be necessary to pass the O-Ring over edges or
bores. When long sliding movements are involved, the seal
seat should be recessed, if possible, or the O-Rings
arranged so that they only have to travel short distances
during installation to reduce risk of twisting.

Radial installation (static and dynamic)

Inner sealing

The O-Ring size should be selected so that the inside
diameter d; has the smallest possible deviation from the
diameter to be sealed ds (Figure 18).

Outer sealing.

The O-Ring size should be selected so that the inside
diameter d; is equal to or smaller than groove diameter ds
(Figure 18).

Axial installation, (static)

During axial-static installation, the direction of the pressure
should be taken into consideration when choosing the
O-Ring size (Figure 19). With internal pressure the O-Ring
should be chosen so that the outside diameter of the
O-Ring is approx. 1 to 2% larger than the outer groove
diameter d;. With external pressure the O-Ring is chosen
approx. 1to 3% smaller than the inner groove diameter ds.

— m
o I O ©
LN
©
d2
reeatl——
Figure 18 Radial installation, static and dynamic
\ \
| EN\N®)
\ \
T T
ds8 ds
d7 d7
pressure from inside pressure from outside
Figure 19 Axial installation, static
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O-Ring as a rotary seal

In some applications, e.g. with short running periods, the
O-Ring can also be used as a rotary seal for sealing shafts. In
this case, the following points should be observed:

In order to be able to function as a rotary seal, O-Rings
must be installed in accordance with specific guidelines, the
rotary seal principle.

The rotary seal principle is based on the fact that an
elongated elastomer ring contracts when heated (Joule
effect). With the normal design criteria the O-Ring inside
diameter d; will be slightly smaller than the shaft diameter,
and the heat generated by friction would cause the ring to
contract even more. This results in a higher pressure on the
rotating shaft so that a lubricating film is prevented from
forming under the seal and even higher friction occurs. The
result would be increased wear and a premature failure of
the seal.

Using the rotary seal principle, this is prevented by the seal
ring being selected so that its inside diameter is
approximately 2 to 5% larger than the shaft diameter to
be sealed. The installation in the groove means that the
seal ring is compressed radially and is pressed against the
shaft by the groove diameter. The seal ring is thus slightly
corrugated in the groove, a fact which helps to improve the
lubrication.

Special materials are available for rotary seal applications.
Trelleborg Sealing Solutions does not recommend the use
of O-Rings as rotary seals. Please contact your local
Trelleborg Sealing Solutions company for further details.
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Technical data

O-Rings can be used in a wide range of applications.
Temperature, pressure and media determine the choice of
appropriate materials. In order to be able to assess the
suitability of the O-Ring as a sealing element for a given
application, the interaction of all the operating parameters
have to be taken into consideration.

Working Pressure

Static application

- up to 5 MPa for O-Rings with inside diameter > 50 mm
without Back-up Ring
up to 10 MPa for O-Rings with inside diameter

- <50 mm without Back-up Ring
(depends on the material, the cross section and the
clearance)

- up to 40 MPa with Back-up Ring

- up to 250 MPa with special Back-up Ring

Please note the permissible extrusion gaps.

Dynamic application
- Reciprocating up to 5 MPa without Back-up Ring
- Higher pressures with Back-up Ring

Speed

Reciprocating up to 0.5 m/s

Rotating up to 0.5 m/s

Depending on material and application.

Temperature
From -60 °C to +325 °C
Depending on material and media resistance.

When assessing the application criteria, the peak and
continuous operating temperature and the running period
must be taken into consideration. For rotating applications
the temperature increase due to frictional heat must be
taken into account.

Media

With the wide range of the available materials, each with
different properties, it is possible to seal against practically
all liquids, gases and chemicals. Please note when selecting
the most suitable material the information in chapter
“B.1 Materials”, and in our O-Ring Material Guide.

Latest information available at www.tss.trelleborg.com
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Groove design / Groove dimensions
Lead-in chamfers

Correct design can help to eliminate possible sources of
damage and seal failure from the outset.

Since O-Ring are squeezed during installation, lead-in
chamfers and rounded edges must be provided (Figure 20

and 21).
)Y 15°20°

}

rounded
polished

Figure 20 Lead-in chamfers for bores, tubes

rounded, polished

o

15°-20°

Figure 21 Lead-in chamfers for shafts, rods

The minimum length of the lead-in chamfer is listed in
table Xl as a function of the cross section d,.

Latest information available at www.tss.trelleborg.com
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Table XI Lead-in chamfers

Lead-inchamfers O-Ring cross section

length Z min. d,

15° 20°

25 1.5 up to 1.78 1.80
3.0 2.0 up to 2.62 2.65
3.5 2.5 up to 3.53 3.55
4.5 3.5 up to 5.33 5.30
5.0 4.0 up to 7.00
6.0 45 above 7.00

The surface roughness of a lead-in chamfer is:
Rz < 6.3 ym R, < 0.8 ym

Radial clearance

The tolerances given in table XV and the maximum
permissible radial clearance S (extrusion gap) given in the
table XIl must be maintained.

If the clearance is too large, there is a risk of seal extrusion
which can result in the destruction of the O-Ring
(Figure 22).

Pressure |
jE— -

)

Radial clearance S

Figure 22 Radial clearance “S”

The permissible radial clearance S between the sealed parts
depends on the system pressure, the cross section and the
hardness of the O-Ring.

Table XIlI contains recommendations for the permissible
clearance S as a function of O-Ring cross section and shore
hardness. The table is valid for elastomeric materials with
the exception of polyurethane and FEP encapsulated
O-Rings.

For pressure above 5 MPa for O-Rings with Inside diameter
> 50 mm and above 10 MPa for O-Rings with Inside
diameter < 50 mm we recommend the use of Back-up
Rings.

N4

TRELLEBORG

SEALING SOLUTIONS 25




O-Ring

These values assume that the parts are fitted concentrically

Table XII Radial clearance S o
to one another and do not expand under pressure. If this is

O-Ring not the case, the clearance should be kept correspondingly
cross smaller.
section up to 2 2-3 3-5 5-7 ab;ve
d, For static applications we recommend a fit of H8/7.
O-Rings with hardness of 70 Shore A O-Rings made from polyurethane can bridge larger
Pressure _ clearances thanks to their high extrusion resistance and
MPa Radial clearance S greater dimensional stability. See also chapter
"Pol th O-Rings”.
< 350 0.08 009 | 010 | 013 | o0.15 olyurethane L-rings
< 7.00 0.05 007 | 0.08 | 0.09 0.10 Surfaces I
< 10.50 0.03 0.04 0.05 0.07 0.08 Under pressure, elastomers adapt to irregular surfaces. For

gas or liquid tight joints, however, certain minimum
demands must be made on the surface quality of the

O-Rings with hardness of 90 Shore A

Pressure ) surfaces to be sealed.
MPa Radial clearance S
Fundamentally grooves, scratches, pit marks, concentric or
<350 0.13 015 | 020 | 0.23 0.25 spiral machining scores, etc. are not permissible. Higher
< 7.00 0.10 0.13 0.15 0.18 0.20 demands must be placed on dynamic mating surfaces than
< 10.50 0.07 0.09 0.10 0.13 0.15 on static surfaces.
<14.00 0.05 0.07 0.08 0.09 0.10 At present no uniform definitions exist_ for fiescribing the
mating surfaces. In practice, the specification of the R,
<17.50 0.04 0.05 | 007 | 008 0.09 value is not sufficient to permit an assessment of the
< 21.00 0.03 0.04 0.05 0.07 0.08 surface quality. Our recommendations therefore contain
< 35.00 0.02 0.03 0.03 0.08 0.08 amongst others various terms and definitions in
- . i i . - accordance with DIN 4768 and DIN EN ISO 4287.

Table XIlIl Surface finish

Type of Load Surface R¢ ym R, um Ra. um
Radial-dynamic Mating surface * 1.0-25 0.63-1.6 0.1-04
(bore, rod, shaft)
groove flanks, groove diameter <10.0 <6.3 <1.6
Radial-static Maiting surface <10.0
Axial-static groove flanks, groove diameter < 16.0 <63 <16
For pulsating pressures
Mating surface <6.3 <0.8
groove flanks, groove diameter <10.0 <63 <16
* spiralfree grinding The above is for guidance only and covers the majority of sealing

applications. However Trelleborg Sealing Solutions should be
consulted in areas of particular concern.

: 3 3 E Latest information available at www.tss.trelleborg.com
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Trapezoidal groove

The trapezoidal (dovetail) groove should only be used in
special cases, e.g. overhead installation, in order to retain
the O-Ring (Figure 23). The installation dimensions are
summarised in table XIV. The trapezoidal groove is only
recommended for O-Ring cross section from 3.53 mm. The
inside diameter of the O-Ring results from the mean
groove diameter minus the cross section.

L\

1 D
2

2

25\

<

Figure 23 Installation in trapezoidal groove

Table XIV Installation dimensions for trapezoidal groove

B B Groove dimensions
O-Ring cross section
Groove width Groove width Groove depth Radius (max.)
1 0. 2 +0. h 0.
d2 b1 +0.05 b2 +0.05 0.05 3 2
3.53 3.55 2.90 3.20 2.90 0.25 0.80
4.00 3.40 3.70 3.20 0.25 0.80
5.00 4.30 4.60 4.20 0.25 0.80
5.33 5.30 4.60 4.90 4.60 0.25 0.80
5.70 4.75 5.25 4.80 0.40 0.80
6.00 5.05 5.55 5.10 0.40 0.80
7.00 6.00 6.50 6.00 0.40 1.60
8.00 6.85 7.45 6.90 0.50 1.60
8.40 7.25 7.85 7.30 0.50 1.60
Rectangular groove 0°-5°
A rectangular groove is preferred for all new designs.
Designs with bevelled groove flanks up to 5° are
permissible. If Back-up Rings are used, straight groove r1
flanks are necessary. </
To reduce risk of extrusion the radius r ideally should not 2
exceed the maximum permissible radial clearance S Q
(see table XII). 6(5"
‘//
Figure 24 Groove specifications
Latest information available at www.tss.trelleborg.com W
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Installation recommendations

d2

t1

b1

r1

)
N/

T

ri

b4

t1

N

Figure 25

Installation drawing

Radial clearance, see chapter “Design Recommendations”, page .

Surface specifications, see chapter “Design Recommendations”, page .

Groove width b2 and b3: When using Back-up Rings the groove is to be widened by the corresponding Back-up Ring

thickness (b2: one Back-up Ring, b3:two Back-up Rings).

Table XV Installation dimensions
Cross section Radial installation Axial installation Radius”
Groove depth Groove width Groove depth Groove width
Dynamic Static
d2 t1 +0.05 t +0.05 b1 +0.2 h +0.05 b4 +0.2 r1+ 0.2
0.50 - 0.35 0.80 0.35 0.80 0.20
0.74 - 0.50 1.00 0.50 1.00 0.20
1.00 - 0.70 1.40 0.70 1.40 0.20
1.02 - 0.70 1.40 0.70 1.40 0.20
1.20 - 0.85 1.70 0.85 1.70 0.20
1.25 - 0.90 1.70 0.90 1.80 0.20
1.27 - 0.90 1.70 0.90 1.80 0.20
1.30 - 0.95 1.80 0.95 1.80 0.20
1.42 - 1.05 1.90 1.05 2.00 0.30
1.50 1.25 1.10 2.00 1.10 2.10 0.30
1.52 1.25 1.10 2.00 1.10 2.10 0.30
1.60 1.30 1.20 2.10 1.20 2.20 0.30
1.63 1.30 1.20 2.10 1.20 2.20 0.30
1.78* 1.45 1.30 2.40 1.30 2.60 0.30
1.80 1.45 1.30 2.40 1.30 2.60 0.30
1.83 1.50 1.35 2.50 1.35 2.60 0.30

28
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Cross section Radial installation Axial installation Radius®
Groove depth Groove width Groove depth Groove width
Dynamic Static
d2 t1 +0.05 t +0.05 b1 +0.2 h +0.05 b4 +0.2 ri+ 0.2
1.90 1.55 1.40 2.60 1.40 2.70 0.30
1.98 1.65 1.50 2.70 1.50 2.80 0.30
2.00 1.65 1.50 2.70 1.50 2.80 0.30
2.08 1.75 1.55 2.80 1.55 2.90 0.30
2.10 1.75 1.55 2.80 1.55 2.90 0.30
2.20 1.85 1.60 3.00 1.60 3.00 0.30
2.26 1.90 1.70 3.00 1.70 3.10 0.30
2.30 1.95 1.75 3.10 1.75 3.10 0.30
2.34 1.95 1.75 3.10 1.75 3.10 0.30
2.40 2.05 1.80 3.20 1.80 3.30 0.30
2.46 2.10 1.85 3.30 1.85 3.40 0.30
2.50 2.15 1.90 3.30 1.85 3.40 0.30
2.62* 2.25 2.00 3.60 2.00 3.80 0.30
2.65 2.25 2.00 3.60 2.00 3.80 0.30
2.70 2.30 2.05 3.60 2.05 3.80 0.30
2.80 2.40 2.10 3.70 2.10 3.90 0.60
2.92 2.50 2.20 3.90 2.20 4.00 0.60
2.95 2.50 2.20 3.90 2.20 4.00 0.60
3.00 2.60 2.30 4.00 2.30 4.00 0.60
3.10 2.70 2.40 4.10 2.40 4.10 0.60
3.50 3.05 2.65 4.60 2.65 4.70 0.60
3.53* 3.10 2.70 4.80 2.70 5.00 0.60
3.55 3.10 2.70 4.80 2.70 5.00 0.60
3.60 3.15 2.80 4.80 2.80 5.10 0.60
4.00 3.50 3.10 5.20 3.10 5.30 0.60
4.50 4.00 3.50 5.80 3.50 5.90 0.60
5.00 4.40 4.00 6.60 4.00 6.70 0.60
5.30 4.70 4.30 7.10 4.30 7.30 0.60
5.33* 4.70 4.30 7.10 4.30 7.30 0.60
5.50 4.80 4.50 7.10 4.50 7.30 0.60
5.70 5.00 4.60 7.20 4.60 7.40 0.60
6.00 5.30 4.90 7.40 4.90 7.60 0.60
6.50 5.70 5.40 8.00 5.40 8.20 1.00
6.99* 6.10 5.80 9.50 5.80 9.70 1.00
7.00 6.10 5.80 9.50 5.80 9.70 1.00
7.50 6.60 6.30 9.70 6.30 9.90 1.00
8.00 7.10 6.70 9.80 6.70 10.00 1.00
8.40 7.50 7.10 10.00 7.10 10.30 1.00
9.00 8.10 7.70 10.60 7.70 10.90 1.50
9.50 8.60 8.20 11.00 8.20 11.40 1.50
Latest information available at www.tss.trelleborg.com W
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Cross section Radial installation Axial installation Radius™
Groove depth Groove width Groove depth Groove width
Dynamic Static
d2 t1 +0.05 t +0.05 b1 +0.2 h +0.05 b4 +0.2 ri+ 0.2
10.00 9.10 8.60 11.60 8.60 12.00 2.00
12.00 11.00 10.60 13.50 10.60 14.00 2.00

1 * Preferred sizes
1) If a Back-up Ring is used the recommended radius r1 should
always be r1=0.25 +0.2mm.

30

The given installation dimensions cannot be used for FFKM

N4

materials (Isolast®). Please use the Isolast® brochure or contact
our specialists for further details.

Latest information available at www.tss.trelleborg.com
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D.3 PTFE O-Rings

O-Rings in Polytetrafluoroethylene (PTFE) are closed,
circular rings with annular cross section. The dimensions
are - as with the elastomer O-Ring - characterised by the
inside diameter d; and the cord diameter d, (Figure 33).
PTFE O-Rings are not moulded but produced by machining.
The rings can therefore be manufactured in all sizes.

d2

Q O

Figure 33 O-Ring dimensions

Advantages

- Very good chemical resistance, compatible with most
liquids and chemicals, with the exception of liquid
alkaline metals and some fluorine compounds.

- Wide temperature range from approx. -200 °C to +260 °C

- Suitable for contact with foodstuffs, pharmaceutical and
medicinal products

- Physiologically safe, can be sterilised

- Low friction, no adhesion

Available for all diameters up to approx. 1,000 mm.

Applications

Fields of application

PTFE O-Rings are used wherever the chemical and thermal
resistance of the normal elastomer O-Rings is no longer
sufficient. These are primarily applications in the chemical
industry, foodstuffs industry, pharmaceuticals and medical
technology. PTFE O-Rings are used only as static seals, e.g.
on flange connections, on covers, etc.

N4
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Technical data

Working pressure: Up to 40 MPa

Temperature: -200 °C to +260 °C

Media: Practically all liquids, gases and
chemicals

Materials

Standard material: Virgin, unfilled PTFE
(polytetrafluoroethylene), Material Code PTOO

PTFE is a partially crystalline thermoplastic characterised by
a very high chemical and thermal resistance. PTFE has the
highest resistance to chemicals of all plastics and can be
used for almost any application. It has a slightly limited
resistance to molten alkaline metals, to elementary
fluorine and to certain halogen materials.

The material undergoes no changes on exposure to ageing,
light and ozone. The water absorption rate is less than
0.01%.

Design recommendations

PTFE O-Rings have low elasticity. The O-Ring size should
therefore be chosen to suit the nominal diameter (rod or
bore) to be scaled. Installation in axial easily accessible and
radial split grooves is to be preferred.

The general information on the construction, design and
surfaces given for the elastomer O-Rings applies also to
PTFE O-Rings.

Methods of installation

PTFE O-Ring can only be stretched or compressed to a very
limited extent during installation.

During installation, e.g. on flanges, the cold flow tendency
of the thermoplastic PTFE should be taken into
consideration. Under pressure, PTFE deforms plastically
also in the cold state, i.e. a permanent deformation takes
place. If flange seals are not tightened sufficiently to give
metal/metal contact, the elastic deformation and thus the
elastic tension can deteriorate.

Latest information available at www.tss.trelleborg.com
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Installation rocommendations Table XXVII Installation dimensions

Cross section Groove dimensions Radius
Groove depth | Groove width
| d2 h +0.05 by +0.1 n
I 1.50 1.30 1.7 0.2
i | 1.60 1.40 1.8 0.3
)J/ i < 1.78 1.80 1.60 2.0 0.4
' ‘ 2.00 1.80 2.2 0.5
! 2.40 2.15 2.6 0.5 II
| 2.50 2.25 238 05
t r 2.62 2.65 2.35 2.9 0.6
p - 04 3.00 2.70 33 0.8
3.53 355 3.15 3.9 1.0
Figure 34 Axial installation, static, inside pressure 4.00 3.60 4.4 1.0
5.00 4.50 5.5 1.0
5.33 5.30 4.80 5.9 1.2
5.70 5.10 6.3 1.2
6.00 5.60 6.6 1.2
7.00 6.30 7.7 1.5
8.00 7.20 8.8 1.5
8.40 7.55 9.2 2.0
Available dimensions
PTFE O-Rings are available in the same dimensions as the
elastomer O-Rings. See O-Ring dimensions, page 32-97.
Ordering example
O-Ring, 40 x 3 TSS Article No. OR3004000 - _PTO00
Dimensions: Inside diameter d; =40.0 mm
Cross section d> = 3.0 mm
O-Ring dimensions and TSS Part No. see Table XVI, page TSS Part No.
32-97.
Quality Index (Standard)
Ordering can also be made according to O-Ring dimensions
and material. Material Code (Standard)

Latest information available at www.tss.trelleborg.com : : i :
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E.1 Quality criteria

The cost-effective use of seals and bearings is highly
influenced by the quality criteria applied in production.
Seals and bearings from Trelleborg Sealing Solutions are
continuously monitored according to strict quality
standards from material acquisition through to delivery.

Certification of our production plants in accordance with
international standards QS 9000 / ISO 9000 meets the
specific requirements for quality control and management
of purchasing, production and marketing functions.

Our quality policy is consistently controlled by strict
procedures and guidelines which are implemented within
all strategic areas of the company.

All testing of materials and products is performed in
accordance with accepted test standards and specifications,
e.g. random sample testing in accordance with
ISO 2859-1:2004-01 AQL 1,0 general inspection level 1.

Inspection specifications correspond to standards
applicable to individual product groups (e.g. for O-Rings:
I1SO 3601).

Our sealing materials are produced free of
chlorofluorinated hydrocarbons and carcinogenic
elements.

The tenth digit of our part number defines the quality
characteristics of the part. A hyphen indicates compliance
with standard quality criteria outlined in this catalogue.
Customer-specific requirements are indicated by a different
symbol in this position. Customers who require special
quality criteria should contact their local Trelleborg Sealing
Solutions sales office for assistance. We have experience in
meeting all Customer quality requirements.

E.2 Storage and shelf live of polymer
sealing material

Seals and bearings are often stored for longer time periods.
Due to wrong storage conditions the physical prop-erties
of elastomers may change during storage. Because of
hardening, softening, crack initiation, breakage or other
degradation they can become unusable. These types of
material deterioration are the result of particular factors or
a combination of factors such as deformation, high
temperatures, contact with oxygen, ozone, light,
humidity or other media.

A few simple precautions can help to extend shelf life of
seals considerably. Basic instructions for the storage,
cleaning and maintenance of elastomer sealing elements
are described in international standards, such as:

DIN 7716 / BS 3F68, ISO 2230 or DIN 9088

These standards provide several recommendations for the
storage and the shelf life of elastomers, depending on the
type of material.
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The following requirements for storage of elastomers and
other polymers, based on the recommendations of these
standards, need to be followed to preserve the physical
and chemical properties of such seals.

Heat

The storage temperature should preferably be between
+5 °C and +25 °C. Direct contact with heat sources such as
boilers, radiators or direct sunlight are to be avoided.
During storage at low temperatures, elastomers can
stiffen. Therefore the handling of seals at low
temperatures must be done very carefully in order to
avoid deformation or damage.

Humidity

The relative humidity in the storage area should be below
70 %. Extreme humid or extreme dry conditions are to be
avoided. Condensation must not develop.

Light

Elastomer seals must be protected from light sources
during storage. In particular direct sunlight and strong
artificial light with an ultraviolet content shall be avoided.
The original storage bags, especially plastic bags, are to be
favored if they provide UV protection.

In case of strong external light exposure it is recommended
to mask the windows of the storage rooms with red or
orange covers or screens.

Radiation

Elastomer seals are to be stored protected from all sources
of ionizing radiation likely to cause damage to the stored
parts.

Oxygen and ozone

If possible elastomers should be stored in the original
packaging or in airtight containers in order to protect them
from circulating air.

Ozone is harmful to many sealing materials. Therefore no
equipment producing ozone (i.e. mercury vapor lamps,
high voltage electrical equipment, electric motors or other
producers of electric sparks or electric dis-charges) shall be
kept in the storage areas. Also combustion emissions and
organic vapors should be avoided as they may produce
ozone via photochemical processes.

Latest information available at www.tss.trelleborg.com
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Deformation

If possible elastomer materials should be stored free from
tension, compression or other deformation. Parts delivered
in a tension-free condition should remain in their original
packaging.

Contact with liquids and lubricants

Elastomer seals shall not come in contact with solvents, oils,
greases or any other media at any time during storage,
unless so packed by the manufacturer.

Contact with metal and non-metals

Direct contact with certain metals such as manganese, iron
and particularly copper and its alloys, e.g. brass, are known
to have damaging effects on some rubbers. Elastomer seals
shall not be stored in contact with such metals.

Because of possible transfer of plasticizers or other
ingredients, rubbers shall not be stored in contact with
PVC. To avoid a mix-up different rubbers should preferably
be stored separately from each other.

Cleaning

If necessary, cleaning should be carried out using soap and
water (demineralized water to avoid lime stains) or
denatured alcohol. However water shall not come into
contact with fabric reinforced components, polyurethane
rubbers or metal components without anti-corrosive
protection. Disinfectants or other organic solvents as well
as sharp-edged objects shall not be used. The cleaned parts
should be dried at room temperature and shall not be
placed near heat sources.

Latest information available at www.tss.trelleborg.com
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Shelf life and shelf life control

The shelf life of seals depends to a large extend on the
polymer type. When stored under the above recom-
mended conditions the below listed shelf life for the
different materials can be considered.

NR, SBR 2 years
AU, TFE/P, Thermoplastics 4 years
CR, CSM, ECO, HNBR, IIR, NBR 6 years
ACM, AEM, EPDM 8 years
FKM, FMQ, FYMQ, VMQ 10 years
FFKM, lsolast® 18 years
PTFE unlimited

Elastomer seals need to be checked after the above
periods. If the seals are OK an extension of the shelf life
is possible.

Elastomer parts and components with less than 1.5 mm
thickness are stronger affected by oxidation degrada-tion
even if stored under ideal conditions according to the
above described. Therefore they need to be checked and
tested more frequently than mentioned above.

Pre-assembled elastomer parts and seals

Generally it is not recommendable to store elastomer seals
in assembled condition. If it is necessary to do so it is
recommended that the units should be checked at least
every six months. The maximum shelf life period a rubber
component is allowed to remain assembled within a stored
unit is a total of the initial period stated above and the
extension period. The inspection interval will depend on
the design and geometry of the unit.
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ParkerSteel COLOUR CODES

Bright & Black Carbon Alloy Steel Bars

IT

BS EN 10277:1999 BS 970:1991 BS970:1955 Colour

NUMBER NAME
1 1.0401 Cils 080A15 EN 3B/EN 32B Blue
2 1.0715 11SMn30 230M07 EN 1A Freecutting Green
3 1.0718 11SMn30Pb 230M07Pb EN 1A Leaded Magenta
4 1.0727 46S20 212A42 EN 8DM Orange
5 1.0402/1.1151 C22/C22E 070M20 EN 3B Blue/Red
6 - - 214M10 EN 202 Red/Green
7 1.0511/1.1186 C40/C40E 080M40 EN 8 Yellow
8 - - 080A42 EN 8D Yellow/Green
9 1.0535/1.1203 C55/C55E 070M55 EN9 Yellow/Blue
10 - - Key Steel EN 6A Key Steel Red/Yellow
11 1.0721 10S20 210M15 EN 32M Red/Brown
12 1.0407/1.1148 C16/C16E 080M15 EN 32 Red
13 - - 606M36T EN 16MT White/Brown
14 - - 605M36T EN 16T White
15 1.7225 42CrMo4 708M40T EN 19T Yellow/White
16 1.7225 42CrMo4 709M40 Annealed EN 19 Annealed Yellow/White/Pink
17 1.6582 34CrNiMo6 817M40T EN 24T Brown
18 1.6582 34CrNiMo6 817M40 Annealed EN 24 Annealed Brown/Green
19 1.5752 15NiCr13 655M13 EN 36 Red/White
20 - - 665M17 EN 34 Black/Yellow
21 1.7361 32CrMo12 722M24 EN 40B Brown/Silver
22 - - AISI/SAE8620* EN 362 Purple/Yellow
23 1.3505 100Cr6 535A99* EN 31 (Nearest Standard) Purple/White
24 - - Supacut 45R* - Blue/Gold
25 - - Supacut 55T* - RedGold

* Not to BS 970

Stainless Steel Bars

BS EN 10088-3:1995 BS 970-1:1991 Colour
NUMBER NAME
1 1.4305 X8CrNiS19-9 303S31 White
2 1.4301 X5CrNi18-10 304S11 Green
3 1.4401 X5CrNiMo17-12-2 316S11 Orange
4 1.4541 X6CrNiTi18-10 321S31 Magenta
5 1.4005 X12CrS13 416S21 Red
6 1.4057 X17CrNi16-2 431S29 Brown
7 1.4125 X105CrMo17 440C Blue

Aluminium Bars

BS EN 755 pt 1-8:1996 & pt 9:2001 BS 1474:1987 Colour
NUMBER NAME
1 AW-6082 EN AW-AISi1MgMn HE30 Red
2 AW-6063 EN AW-AIMgO0,7Si HE9 Blue
3 AW-2011 EN AW-AICu6BiPb FC1 Orange
4 AW-2014 EN AW-AICu4SiMg HE15 Green
5 AW-2030 EN AW-AICu4PbMg o Magenta
6 AW-6005 EN AW-AISiMg - Yellow
7 AW-7075 EN AW-AIZn5,5MgCu ° White
8 AW-6262 AIMg1SiPb - Pink

Brass Bars
BS EN 12164:1998 BS 2874:1986 Colour
NUMBER NAME
1 CW614N CuZn39Pb3 Cz121 Green
2 CW617N CuzZn40Ph2 Cz122 Red
3 CW606N CuzZn37Ph2 Cz131 White
4 CW721R CuZn40Mn1Pb1AlFeSn Cz114 Yellow
5 CW712R CuzZn36Sni1Pb CZ112 Blue

For a full list of our stock range contact our sales team on 08705 783333, or FreeFax 0800 521932, and request a current Technical Stocklist or a convenient Pocket Stocklist.
Alternatively, you can visit www.parkersteel.co.uk to view and order stock lengths, as well us get your material cut to length.

08705 783333 0800 521932 &
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Parker

ml ParkerSteel COLOUR CODES

Bright & Black Carbon Alloy Steel Bars

BS EN 10277:1999 BS 970:1991| BS970:1955 Guide to specifications
NUMBER NAME
1 1.0401 C15 080A15 EN 3B/EN 32B  For general engineering, machinable & weldable. Low tensile for lightly stressed components
2 1.0715 11SMn30 230M07 EN 1A Freecutting  Freecutting steel for fast machining, long tool life and good surface finish
3 1.0718 11SMn30Pb 230M07Pb EN 1A Leaded Leaded freecutting steel for even faster machining & longer tool life. Excellent surface finish of machined components
4 1.0727 46520 212A42 EN 8DM Afreecutting version of 080M40 medium carbon steel giving improved machining properties
5 1.0402/1.1151 C22/C22E 070M20 EN 3B Ageneral purpose, low tensile, mild steel for manufacturing lightly stressed components including studs, bolts, etc.
6 - - 214M10 EN 202 Asemi freecutting higher tensile case-hardening steel for production runs on automatics and capstans. Used for gears, cams, rollers, etc.
7 1.0511/1.1186 C40/C40E 080M40 EN 8 Amedium tensile weldable steel. Fair resistance to wear. Suitable for general engineering components
8 - - 080A42 EN 8D Aminimum 40 tn steel. As 080M40 but has a closer chemical composition and is supplied to analysis only
9 1.0535/1.1203 C55/C55E 070M55 EN9 Medium tensile mild steel with good wear resistance. Suitable for turned parts where toughness is not of prime importance
10 - - Key Steel EN 6A Key Steel  For making key ways, keys and general engineering use, normally supplied to a + tolerance to BS4235 & BS 46
11 1.0721 10S20 210M15 EN 32M Asemi freecutting carbon case-hardening steel with improved machining properties. Suitable for use on CNC lathes & automatics I I
12 1.0407/1.1148 C16/C16E 080M15 EN 32 Acarbon case hardening steel for use where the use or cost of an alloy steel could not be justified
13 - - 606M36T EN 16MT Aresulphurised Manganese-Molybdenum freecutting alloy steel. Longer tool life & a very good surface finish. Supplied in “T" condition.
14 - - 605M36T EN 16T AAManganese-Molybdenum high tensile alloy steel, hardened and tempered to the ‘T condition. Excellent ductility without britleness
15 1.7225 42CrMo4 708M40T EN 19T Amedium carbon low alloy steel supplied in the hardened and tempered condition, can be flame hardened for increased wear resistance
16 1.7225 42CrMo4 709M40 Annealed EN 19 Annealed  Amedium carbon low alloy steel used where hardness, ductility and shock resistance are required
17 1.6582 34CrNiMo6 817M40T EN 24T A1.12% nickel chrome direct hardening steel supplied hardened and tempered to the ‘T’ condition leaving the bars easy to machine
18 1.6582 34CrNiMo6 817M40 Annealed EN 24 Annealed  Asabove but supplied in the annealed condition. For subsequent hardening and tempering after machining
19 1.5752 15NiCr13 655M13 EN 36 A3.14% nickel chrome case hardening steel. Can be hardened and tempered to a very deep case with a very tough core
20 - - 665M17 EN 34 Amedium alloy case hardening steel which after carburising and hardening give a hard wearing case and a core strength of 700N/mm?
21 1.7361 32CrMo12 722M24 EN 40B An alloy steel with good resistance to shock, the low temperature nitriding process gives a hard clean surface free from distortion
22 - - AISI/SAE8620 EN 362 Alow alloy case hardening steel conforming to American specifications. High wear resistance and a strong core after carburising
23 1.3505 100Cr6 535A99 EN 31 Ahigh carbon-chromium bearing steel for bearing rings and rolling elements
24 - - Supacut 45R - Consistant and optimum machinability with maximum response to induction hardening. Can also be manufactured to the heat treated condition ‘R’
25 - - Supacut 55T - Asuperior alloy freecutting steel. Designed to give high tensile, high impact resistance and longer tool life
ainless Steel Ba
| BSEN10083-3:1995 | BS 970-1:1991 | Guide to specifications |
NUMBER NAME
1 1.4305 X8CrNiS19-9 303S31 Good machining qualities. Can be welded but subsequent heat treatment is recommended to retain corrosion resistance. Fair forming qualities
2 1.4301 X5CrNi18-10 304S11 Reasonable weldability, general resistance to corrosion, excellent for polishing
3 1.4401 X5CrNiMo17-12-2 316S11 Stainless steel with added molybdenum for greatly improved corrosion resistance. Used in chemical, marine & the food preparation industry
4 1.4541 X6CrNiTi18-10 321S31 High resistance to corrosion. Work hardens fairly rapidly. Used in general engineering, petrol chemical & catering industries
5 1.4005 X12CrS13 416S21 13% Chrome type. Added selenium improves machining speeds. Will respond to thermal hardening and tempering. Not recommended for welding
6 1.4057 X17CrNi16-2 431S29 An 18% Cr, 2% Ni stainless steel which can be hardened and tempered. High tensile strength properties. Not recommended for welding
7 1.4125 X105CrMo17 440C Martensitic, magnetic, Can be hardened. High carbon content for maximum hardness. Good corrosion resistance. Fair machinability
Aluminium Bars
BS EN 755 Pt 1-8:1996 BS 1474:1987 Guide to specifications
& pt 9:2001
NUMBER NAME
1 AW-6082 EN AW-AISiIMgMn HE30 Astructural alloy with good stength and good resistance to corrosion
2 AW-6063 EN AW-AIMgO0,7Si HE9 Medium strength alloy for architectural extrusions. Veery good for complicated shapes
3 AW-2011 EN AW-AICu6BiPb FC1 Afreecutting alloy for use in automatic lathes
4 AW-2014 EN AW-AICu4SiMg HE15 Combines high strength with good ductility in the solution treated condition. Stressed components of all types in aircraft
5 AW-2030 EN AW-AICu4PbMg - Excellent machining alloy. Limited corrosion resistance
6 AW-6005 EN AW-AISiMg - Amedium strength alloy. Heat treatable. Good weldability and corrosion resistance. Used for intricate profiles, e.g. beer barrels
7 AW-7075 EN AW-AIZn5,5MgCu - Heat treatable. Age hardens naturally, therefore will recover properties in heat effected zones after welding. Susceptible to stress corrosion
8 AW-6262 AlMg1SiPb - High strength. Very good machining. Excellent corrosion resistance
Brass Bars
BS EN 12164:1998 BS 2874:1986 Guide to specifications
NUMBER NAME
1 CW614N CuzZn39Pb3 Cz121 High speed machining brass. Excellent machinability, very limited cold working. Also used for hot stamping
2 CW617N CuzZn40Pb2 Cz122 Afreecutting brass. Most popular alloy for hot stamping. Excellent machinability but very limited cold ductility
3 CW606N CuzZn37Pb2 Cz131 Afreecutting brass with improved ductility. Good machinability and some cold workability. Used for cold heading and riveting
4 CW721R CuZn39AlFeMn Cz114 Amanganese bronze high tensile general purpose Brass with superior corrosion resistance. Used for heavy engineering. Poor machinability
5 CW712R Cuzn38Si1 Cz112 Leaded Naval Brass. The addition of tin improves corrosion resistance, especially in sea water. Lead improves machinability

08705 783333 0800 521932 &
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prepared for the general
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INTRODUCTION

Stainless steels are iron-base alloys containing 10.5% or more chro-
mium. They have been used for many industrial, architectural, chemical,
and consumer applications for over a half century. Currently there are
being marketed a number of stainless steels originally recognized by the
American Iron and Steel Institute (AISI) as standard alloys. Also commer-
cially available are proprietary stainless steels with special characteristics.
(See Appendix A.)

With so many stainless steels from which to choose, designers should
have a ready source of information on the characteristics and capabilities
of these useful alloys. To fill this need, the Committee of Stainless Steel
Producers initially prepared this booklet. The data was reviewed and
updated by the Specialty Steel Industry of North America (SSINA). Written
especially for design engineers, it presents an overview of a broad range
of stainless steels — both standard and proprietary — their compositions,
their properties, their fabrication, and their use. More detailed information
on the 60 standard grades, with special emphasis on the manufacture,
finish designations and dimensional and weight tolerances of the product
forms in which they are marketed, is contained in the Iron and Steel
Society of the AIME (the American Institute of Mining, Metallurgical and
Petroleum Engineers) "Steel Products Manual-Stainless and Heat
Resisting Steels." The AIME undertook the publication, updating and sale
of this manual after the AISI discontinued publication in 1986.

IDENTIFICATION

Reference is often made to stainless steel in the singular sense as if it
were one material. Actually there are over 50 stainless steel alloys. Three
general classifications are used to identify stainless steels. They are:

1. Metallurgical Structure. 2. The AISI numbering system: namely 200,
300, and 400 Series numbers. 3. The Unified Numbering System, which
was developed by American Society for Testing and Materials (ASTM) and
Society of Automotive Engineers (SAE) to apply to all commercial metals
and alloys.

There are also a number of grades known by common names that
resemble AISI designations but that are not formally recognized by AlSI.
These common names, which are neither trademarks nor closely
associated with a single producer, are shown and identified in the tables.
These common (non-AlSI) names do not appear in the ASTM specifica-
tions, so it is important to use the UNS designations with these grades.

On the following pages there is a description of these classifications.
Tables 1-5 list stainless steels according to metallurgical structure:
austenitic, ferritic, martensitic, precipitation hardening, and duplex.
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Austenitic stainless steels (Table 1)
containing chromium and nickel are iden-
tified as 300 Series types. Alloys contain-
ing chromium, nickel and manganese are
identified as 200 Series types. The stain-
less steels in the austenitic group have
different compositions and properties, but
many common characteristics. They can
be hardened by cold working, but not by
heat treatment. In the annealed condition,
all are essentially nonmagnetic, although
some may become slightly magnetic by
cold working. They have excellent
corrosion resistance, unusually good
formability, and increase in strength as a
result of cold work.

Type 304 (frequently referred to as 18-8
stainless) is the most widely used alloy of
the austenitic group. It has a nominal
composition of 18% chromium and 8%
nickel.

Table 1
AUSTENITIC
STAINLESS STEELS
Equivalent Equivalent

TYPE UNS TYPE UNS
201 S20100 310 S31000
202 S20200 310S S31008
205 S20500 314 S31400
301 S30100 316 S31600
302 S30200 316L S31603
302B S30215 316F S31620
303 S30300 316N S31651
303Se | S30323 317 S31700
304 S30400 317L S31703
304L S30403 317LMN| S31726
302HQ| S30430 321 S32100
304N S30451 330 NO08330
305 S30500 347 S34700
308 S30800 348 S34800
309 S30900 384 S38400
309S | S30908

Ferritic stainless steels (Table 2) are
straight-chromium 400 Series types that
cannot be hardened by heat treatment,
and only moderately hardened by cold
working. They are magnetic, have good
ductility and resistance to corrosion and
oxidation. Type 430 is the general-
purpose stainless of the ferritic group.

Precipitation-hardening stainless
steels (Table 4) are chromium-nickel
types, some containing other alloying ele-
ments, such as copper or aluminum. They
can be hardened by solution treating and
aging to high strength.

Table 4
PRECIPITATION HARDENING

Table 2 STAINLESS STEELS
FERRITIC STAINLESS STEELS UNS UNS

Equivalent Equivalent $13800 S17400
TveE | s | TYPE | TGS 515500 S17700
405 S40500 430FSe| S43023
409 S40900 434 S43400
429 S42900 436 S43600 II
430 S43000 442 S44200
430F | S$43020 446 S44600 Duplex stainless steels (Table 5) have

Martensitic stainless steels (Table 3)
are straight-chromium 400 Series types
that are hardenable by heat treatment.
They are magnetic. They resist corrosion
in mild environments. They have fairly
good ductility, and some can be heat
treated to tensile strengths exceeding
200,000 psi (1379 MPa).

Type 410 is the general-purpose alloy of
the martensitic group.

Table 3
MARTENSITIC
STAINLESS STEELS
Equivalent Equivalent
TYPE UNS TYPE UNS
403 S40300 420F | S42020
410 S41000 422 S42200
414 S41400 431 S43100
416 S41600 440A | S44002
416Se| S41623 440B | S44003
420 S42000 440C | S44004

an annealed structure which is typically
about equal parts of austenite and ferrite.
Although not formally defined, it is gener-
ally accepted that the lesser phase will be
at least 30% by volume.

Duplex stainless steels offer several
advantages over the common austenitic
stainless steels. The duplex grades are
highly resistant to chloride stress corro-
sion cracking, have excellent pitting and
crevice corrosion resistance and exhibit
about twice the yield stength as conven-
tional grades. Type 329 and 2205 are
typical alloys.

With respect to the Unified Numbering
System, the UNS designations are shown
alongside each AISI type number, in
Tables 1-5, except for four stainless
steels (see Tables 4 and 5) for which
UNS designations only are listed.

Table 5
DUPLEX
Type UNS
329 $32900
2205 S$31803,532205
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AUSTENITIC

302 202
General N & Mn
Purpose partially
replaces
NI
3028 205 201
S added N & Mn N & Mn
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scaling replaces replaces
resistance Ni Ni
| | { 1 1 i
n7z 316 309 308 304 305 303 301
More Mo added 3098 Higher Lower C Ni increased S added Cr & Ni
Mo & Cr to increase Cr & Ni Cr & Ni for better 1o lower lo improve lowered to
added for ™% corrosion increased used corrosion wark machining increase
befter resistance for high primaril remshance hardening wWork
COrrasion temperature for welding in weld hardening
resistance fabrication
317L 316L 30 347 k¥il 3041 384 303Se
C reduced C reduced 3108 Cb Ti added C reduced More Ni Se added
for for Same as added to pravent aven to lower for better
weiding welding 309 oniy to prevent carbide further work machined
mare so carbide precip. hardening surfaces
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288

Al — Aluminum

C — Carbon

Cr — Chromium
Cb — Columbium
Co — Cobahl

Cu — Copper

Mn — Manganese
Mo — Molybdenum
N — Nitrogen

Ni — Nickel

P — Phosphorus

S5 — Sultur
Se¢ — Selenium
Si — Silicon

Ta — Tantalum
Ti — Titanium

V — Vanadium
W — Tungsten




FERRITIC
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GUIDELINES FOR SELECTION

Stainless steels are engineering
materials with good corrosion resistance,
strength, and fabrication characteristics.
They can readily meet a wide range of
design criteria — load, service life, low
maintenance, etc. Selecting the proper
stainless steel essentially means weighing
four elements. In order of importance, they
are:

1. Corrosion or Heat Resistance — the
primary reason for specifying stainless.
The specifier needs to know the nature of
the environment and the degree of
corrosion or heat resistance required.

2. Mechanical Properties — with par-
ticular emphasis on strength at room,
elevated, or low temperature. Generally
speaking, the combination of corrosion
resistance and strength is the basis for
selection.

3. Fabrication Operations — and how
the product is to be made is a third-level
consideration. This includes forging,
machining, forming, welding, etc.

4. Total Cost — in considering total
cost, it is appropriate to consider not only
material and production costs, but the life
cycle cost including the cost-saving
benefits of a maintenance-free product
having a long life expectancy.

CORROSION RESISTANCE
Chromium is the alloying element that
imparts to stainless steels their corrosion-

resistance qualities by combining with
oxygen to form a thin, invisible chromium-
oxide protective film on the surface.
(Figure 1. Figures are shown in Appendix
B.) Because the passive film is such an
important factor, there are precautions
which must be observed in designing
stainless steel equipment, in manufactur-
ing the equipment, and in operation and
use of the equipment, to avoid destroying
or disturbing the film.

In the event that the protective (passive)
film is disturbed or even destroyed, it will,
in the presence of oxygen in the environ-
ment, reform and continue to give maxi-
mum protection.

The protective film is stable and protec-
tive in normal atmospheric or mild aque-
ous environments, but can be improved by
higher chromium, and by molybdenum,
nickel, and other alloying elements.
Chromium improves film stability;
molybdenum and chromium increase
resistance to chloride penetration; and
nickel improves film resistance in some
acid environments.
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Material Selection

Many variables characterize a corro-
sive environment — i.e., chemicals and
their concentration, atmospheric condi-
tions, temperature, time — so it is difficult
to select which alloy to use without
knowing the exact nature of the
environment. However, there are
guidelines:

Type 304 serves a wide range of
applications. It withstands ordinary
rusting in architecture, it is resistant to
food-processing environments (except
possibly for high-temperature conditions
involving high acid and chloride con-
tents), it resists organic chemicals,
dyestuffs, and a wide variety of
inorganic chemicals. Type 304 L (low
carbon) resists nitric acid well and
sulfuric acids at moderate temperature
and concentrations. It is used
extensively for storage of liquified
gases, equipment for use at cryogenic
temperatures (304N), appliances and
other consumer products, kitchen
equipment, hospital equipment,
transportation, and waste-water
treatment.

Type 316 contains slightly more nickel
than Type 304, and 2-3% molybdenum
giving it better resistance to corrosion
than Type 304, especially in chloride
environments that tend to cause pitting.
Type 316 was developed for use in
sulfite pulp mills because it resists
sulfuric acid compounds. Its use has
been broadened, however, to handling
many chemicals in the process
industries.

Type 317 contains 3-4% molybdenum
(higher levels are also available in this
series) and more chromium than Type
316 for even better resistance to pitting
and crevice corrosion.

Type 430 has lower alloy content than
Type 304 and is used for highly polished
trim applications in mild atmospheres. It
is also used in nitric acid and food
processing.

Type 410 has the lowest alloy content
of the three general-purpose stainless
steels and is selected for highly stressed
parts needing the combination of
strength and corrosion resistance, such
as fasteners. Type 410 resists corrosion
in mild atmospheres, steam, and many
mild chemical environments.

Type 2205 may have advantages over
Type 304 and 316 since it is highly
resistant to chloride stress corrosion
cracking and is about twice as strong.

Table 6 lists the relative corrosion
resistance of the AISI standard numbered
stainless steels in seven broad categories
of corrosive environments. Table 7 details
more specific environments in which vari-
ous grades are used, such as acids,
bases, organics, and pharmaceuticals.

The above comments on the suitability
of stainless steels in various
environments are based on a long history
of successful application, but they are
intended only as guidelines. Small
differences in chemical content and
temperature, such as might occur during
processing, can affect corrosion rates.
The magnitude can be considerable, as
suggested by Figures 2 and 3. Figure 2
shows small quantities of hydrofluoric and
sulfuric acids having a serious effect on
Type 316 stainless steel in an
environment of 25% phosphoric acid, and
Figure 3 shows effects of temperature on
Types 304 and 316 in very concentrated
sulfuric acid.

Service tests are most reliable in deter-
mining optimum material, and ASTM G4
is a recommended practice for carrying
out such tests. Tests should cover condi-
tions both during operation and shut-
down. For instance, sulfuric, sulfurous
and polythionic acid condensates formed
in some processes during shutdowns may
be more corrosive than the process
stream itself. Tests should be conducted
under the worst operating conditions
anticipated.

Several standard reference volumes
discuss corrosion and corrosion control,
including Uhlig's Corrosion Handbook;
LaQue and Copsons' Corrosion
Resistance Of Metals and Alloys; Fontana
and Greens' Corrosion Engineering; A
Guide to Corrosion Resistance by Climax
Molybdenum Company; the Corrosion
Data Survey by the National Association
of Corrosion Engineers; and the ASM
Metals Handbook. Corrosion data,
specifications, and recommended prac-
tices relating to stainless steels are also
issued by ASTM. Stainless steels resist
corrosion in a broad range of conditions,
but they are not immune to every environ-
ment. For example, stainless steels per-
form poorly in reducing environments,
such as 50% sulfuric and hydrochloric
acids at elevated temperatures. The cor-
rosive attack experienced is a breakdown
of the protective film over the entire metal
surface.

Such misapplications of stainless steels
are rare and are usually avoided. The
types of attack which are more likely to be
of concern are pitting, crevice attack,
stress corrosion cracking, and intergranu-
lar corrosion, which are discussed in
Appendix A.



Table 6
Relative Corrosion Resistance of AISI Stainless Steels (1)

Mild Atmos- Atmospheric Chemical
TYPE UNS pheric and
Number Number Fresh Water Industrial Marine Mild Oxidizing Reducing

201 (S20100) X X X X X
202 (S20200) X X X X X
205 (S20500) X X X X X
301 (S30100) X X X X X
302 (S30200) X X X X X
302B (S30215) X X X X X
303 (S30300) X X X
303 Se (S30323) X X X
304 (S30400) X X X X X I I
304L (S30403) X X X X X
(S30430) X X X X X
304N (S30451) X X X X X
305 (S30500) X X X X X
308 (S30800) X X X X X
309 (S30900) X X X X X
309S (S30908) X X X X X
310 (S31000) X X X X X
310S (S31008) X X X X X
314 (S31400) X X X X X
316 (S31600) X X X X X X
316F (S31620) X X X X X X
316L (S31603) X X X X X X
316N (S31651) X X X X X X
317 (S31700) X X X X X X
317L (S31703) X X X X X
321 (S32100) X X X X X
329 (S32900) X X X X X X
330 (N08330) X X X X X X
347 (S34700) X X X X X
348 (S34800) X X X X X
384 (S38400) X X X X X
403 (S40300) X X
405 (S40500) X X
409 (S40900) X X
410 (S41000) X X
414 (S41400) X X
416 (S41600) X
416 Se (S41623) X
420 (S42000) X
420F (S42020) X
422 (S42200) X
429 (S42900) X X X X
430 (S43000) X X X X
430F (S43020) X X X
430F Se (S43023) X X X
431 (S43100) X X X X
434 (S43400) X X X X X
436 (S43600) X X X X X
440A (S44002) X X
440B (S44003) X
440C (S44004) X
442 (S44200) X X X X
446 (S44600) X X X X X
(S13800) X X X X
(S15500) X X X X X
(S17400) X X X X X
(S17700) X X X X X
. The "X" notations indicate that a specific stainless steel type may be considered as  panies. When selecting a stainless steel for any corrosive environment, it is always
resistant to the corrosive environment categories. best to consult with a corrosion engineer and, if possible, conduct tests in the

environment involved under actual operating conditions.
This list is suggested as a guideline only and does not suggest or imply a warranty on the
part of the Specialty Steel Industry of the United States or any of the member com-
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Table 7
Where Different Grades Are Used (15)

Environment

Grades

Environment

Grades

Acids
Hydrochloric acid

"Mixed acids"

Nitric acid

Phosphoric acid

Sulfuric acid

Sulfurous acid

Bases
Ammonium hy-
droxide, sodium
hydroxide, caustic
solutions

Organics
Acetic acid

Stainless generally is not recommended except
when solutions are very dilute and at room
temperature.

There is usually no appreciable attack on Type 304
or 316 as long as sufficient nitric acid is present.

Type 304L or 430 is used.

Type 304 is satisfactory for storing cold phosphoric
acid up to 85% and for handling concentrations up
to 5% in some unit processes of manufacture. Type
316 is more resistant and is generally used for
storing and manufacture if the fluorine content is not
too high. Type 317 is somewhat more resistant than
Type 316. At concentrations up to 85%, the metal
temperature should not exceed 212 °F (100 °C) with
Type 316 and slightly higher with Type 317.
Oxidizing ions inhibit attack and other inhibitors
such as arsenic may be added.

Type 304 can be used at room temperature for
concentrations over 80%. Type 316 can be used in
contact with sulfuric acid up to 10% at temperatures
up to 120 °F (50 °C) if the solutions are aerated; the
attack is greater in airfree solutions. Type 317 may
be used at temperatures as high as 150 °F (65 °C)
with up to 5% concentration. The presence of other
materials may markedly change the corrosion rate.
As little as 500 to 2000 ppm of cupric ions make it
possible to use Type 304 in hot solutions of
moderate concentration. Other additives may have
the opposite effect.

Type 304 may be subject to pitting, particularly if
some sulfuric acid is present. Type 316 is usable at
moderate concentrations and temperatures.

Steels in the 300 series generally have good
corrosion resistance at virtually all concentrations
and temperatures in weak bases, such as
ammonium hydroxide. In stronger bases, such as
sodium hydroxide, there may be some attack,
cracking or etching in more concentrated solutions
and at higher temperatures. Commercial purity
caustic solutions may contain chlorides, which will
accentuate any attack and may cause pitting of
Type 316 as well as Type 304.

Acetic acid is seldom pure in chemical plants but
generally includes numerous and varied minor
constituents. Type 304 is used for a wide variety of
equipment including stills, base heaters, holding
tanks, heat exchangers, pipelines, valves and pumps
for concentrations up to 99% at temperatures up to
about 120 °F (50 °C). Type 304 is also satisfactory for
contact with 100% acetic acid vapors, and—if small
amounts of turbidity or color pickup can be
tolerated—for room temperature storage of glacial
acetic acid. Types 316 and 317 have the broadest
range of usefulness, especially if formic acid is also
present or if solutions are unaerated. Type 316 is

Aldehydes
Amines

Cellulose acetate

Citric, formic and
tartaric acids

Esters

Fatty acids

Paint vehicles

Phthalic anhydride

Soaps

Synthetic
detergents

Tall oil (pulp and
paper industry)

Tar

Urea

Pharma-
ceuticals

used for fractionating equipment, for 30 to 99%
concentrations where Type 304 cannot be used, for
storage vessels, pumps and process equipment
handling glacial acetic acid, which would be dis
colored by Type 304. Type 316 is likewise applicable
for parts having temperatures above 120 °F (50 °C),
for dilute vapors and high pressures. Type 317 has
somewhat greater corrosion resistance than Type
316 under severely corrosive conditions. None of the
stainless steels has adequate corrosion resistance to
glacial acetic acid at the boiling temperature or at
superheated vapor temperatures.

Type 304 is generally satisfactory.
Type 316 is usually preferred to Type 304.

Type 304 is satisfactory for low temperatures, but

Type 316 or Type 317 is needed for high
temperatures.
Type 304 is generally acceptable at moderate

temperatures, but Type 316 is resistant to all
concentrations at temperatures up to boiling.

From the corrosion standpoint, esters are
comparable with organic acids.

Up to about 300 °F (150 °C), Type 304 is resistant to
fats and fatty acids, but Type 316 is needed at 300 to
500 °F (150 to 260 °C) and Type 317 at higher
temperatures.

Type 316 may be needed if exact color and lack of
contamination are important.

Type 316 is usually used for reactors, fractionating
columns, traps, baffles, caps and piping.

Type 304 is used for parts such as spray towers, but
Type 316 may be preferred for spray nozzles and
flake-drying belts to minimize offcolor product.

Type 316 is used for preheat, piping, pumps and
reactors in catalytic hydrogenation of fatty acids to
give salts of sulfonated high molecular alcohols.

Type 304 has only limited usage in tall-oil distillation
service. High-rosin-acid streams can be handled by
Type 316L with a minimum molybdenum content of
2.75%. Type 316 can also be used in the more
corrosive high-fatty-acid streams at temperatures up
to 475 °F (245 °C), but Type 317 will probably be
required at higher temperatures.

Tar distillation equipment is almost all Type 316
because coal tar has a high chloride content; Type
304 does not have adequate resistance to pitting.

Type 316L is generally required.
IType 316 is usually selected for all parts in contact

ith the product because of its inherent corrosion
resistance and greater assurance of product purity.




Table 8
AUSTENITIC STAINLESS STEELS

Nominal Mechanical Properties

Chemical Analysis % (Max. unless noted otherwise) (Annealed Sheet unless noted otherwise)
Elon-  Hard-
Yield gation ~ ness Prod-
Tensile Strength in2" (Rock- uct
Strength (0.2% offset) ~ (50.80mm) well) Form
Type C Mn P S Si Cr Ni Mo Other ksi MPa  ksi MPa %
201 0.15 5.50/7.50 0.060 0.030 1.00 16.00/18.00 3.50/5.50 0.25N 95 655 45 310 40 B90
202 0.15  7.50/10.00 0.060 0.030 1.00  17.00/19.00 4.00/6.00 0.25N 90 612 45 310 40 690
205 0.12/0.25 14.00/15.50 0.030 0.030 0.50 16.50/18.00 1.00/1.75 0.32/0.40N 1205 831 69 476 58 B98 (Plate)
301 0.15 2.00 0.045 0.030 1.00 16.00/18.00 6.00/8.00 110 758 40 276 60 B85
302 0.15 2.00 0.045 0030 100  17.00/19.00 8.00/10.00 90 612 40 276 50 B85 II
302B 0.15 2.00 0.045 0.030 2.00/3.00 17.00/19.00 8.00/10.00 95 655 40 276 55 B85
303 0.15 2.00 0.20 0.15(min) 1.00  17.00/19.00 8.00/10.00 0.60* 90 621 35 241 50 (Bar)
303Se 0.15 2.00 0.20  0.060 1.00  17.00/19.00 8.00/10.00 0.15Se (min)| 90 621 35 241 50 (Bar)
304 0.08 2.00 0.045 0.030 1.00  18.00/20.00 8.00/10.50 84 579 42 290 55 B80
304L 0.030 2.00 0.045 0.030 1.00  18.00/20.00 8.00/12.00 81 558 39 269 55 B79
S30430 0.08 2.00 0.045 0.030 1.00  17.00/19.00 8.00/10.00 3.00/4.00Cu | 73 503 31 214 70 B70  (Wire)
304N 0.08 2.00 0.045 0.030 1.00 18.00/20.00 8.00/10.50 0.10/0.16N 90 621 48 331 50 B85
305 0.12 2.00 0.045 0.030 1.00  17.00/19.00 10.50/13.00 85 586 38 262 50 B80
308 0.08 2.00 0.045 0.030 1.00 19.00/21.00 10.00/12.00 115 793 80 552 40 (Wire)
309 0.20 2.00 0.045 0.030 1.00  22.00/24.00 12.00/15.00 90 621 45 310 45 B85
309S 0.08 2.00 0.045 0.030 1.00 22.00/24.00 12.00/15.00 90 621 45 310 45 B85
310 0.25 2.00 0.045 0.030 150  24.00/26.00 19.00/22.00 95 655 45 310 45 B85
310S 0.08 2.00 0.045 0.030 1.50 24.00/26.00 19.00/22.00 95 655 45 310 45 B85
314 0.25 2.00 0.045 0.030 1.50/3.00 23.00/26.00 19.00/22.00 100 689 50 345 40 B85
316 0.08 2.00 0.045 0.030 1.00  16.00/18.00 10.00/14.00 2.00/3.00 84 579 42 290 50 B79
316F 0.08 2.00 0.20 0.10min  1.00 16.00/18.00 10.00/14.00 1.75/2.50 85 586 38 262 60 B85
316L 0.030 2.00 0.045 0.030 1.00  16.00/18.00 10.00/14.00 2.00/3.00 81 558 42 290 50 B79
316N 0.08 2.00 0.045 0.030 1.00  16.00/18.00 10.00/14.00 2.00/3.00 0.10/0.16N 90 621 48 331 48 B85
317 0.08 2.00 0.045 0.030 1.00  18.00/20.00 11.00/15.00 3.00/4.00 90 621 40 276 45 B85
317L 0.030 2.00 0.045 0.030 1.00  18.00/20.00 11.00/15.00 3.00/4.00 86 593 38 262 55 B85
317LMN 0.030 2.00 0.045 0.030 0.75  17.00/20.00 13.50/17.50 4.00/5.00 0.10/0.20N 96 662 54 373 49 B88
321 0.08 2.00 0.045 0.030 1.00 17.00/19.00 9.00/12.00 5xC Ti (min) 90 621 35 241 45 B80
330 0.08 2.00 0.040 0.030 0.75/1.50 17.00/20.00 34.00/37.00 0.10Ta 80 552 38 262 40 B80
0.20Cb
347 0.08 2.00 0.045 0.030 1.00  17.00/19.00 9.00/13.00 10xC 95 655 40 276 45 B85
Cb (min)
348 0.08 2.00 0.045 0.030 1.00 17.00/19.00 9.00/13.00 Cb + Ta 10xC (min) 95 655 40 276 45 B85
Ta 0.10 max
Cc 0.20 max
384 0.08 2.00 0.045 0.030 1.00 15.00/17.00 17.00/19.00 75 517 35 241 55 B70 (Wire)

* May be added at manufacturer's option.
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II

MECHANICAL AND PHYSICAL

PROPERTIES (Room Temperature)
Austenitic Stainless Steels

The austenitic stainless steels cannot be

hardened by heat treatment but can be
strengthened by cold work, and thus they
exhibit a wide range of mechanical
properties. At room temperature,
austenitic stainless steels exhibit yield
strengths between 30 and 200 ksi (207-
1379 MPa), depending on composition

and amount of cold work. They also exhibit

good ductility and toughness even at high
strengths, and this good ductility and
toughness is retained at cryogenic
temperatures. The chemical compositions
and nominal mechanical properties of
annealed austenitic stainless steels are
given in Table 8.

The difference in effect of cold work of
Types 301 and 304 is indicated by the
stress strain diagrams in Figure 11.

Carbon and nitrogen contents affect

yield strength, as shown by the differences

among Types 304, 304L, and 304N. The
effect of manganese and nitrogen on

strength can be seen by comparing Types

301 and 302 against Types 201 and 202.

Figures 12, 13, 14, and 15 illustrate
other effects of small composition
changes. For example, at a given amount
of cold work, Types 202 and 301 exhibit
higher yield and tensile strengths than
Types 305 and 310.

Austenitic stainless steels which can be
cold worked to high tensile and yield
strengths, while retaining good ductility
and toughness, meet a wide range of
design criteria. For example, sheet and
strip of austenitic steels — usually Types
301 and 201 — are produced in the fol-
lowing tempers:

Tensile Yield
Strength Strength
Temper Minimum Minimum

ksi MPa ksi MPa

Ya-Hard 125 862 75 517
2-Hard 150 1034 110 758
Ya-Hard 175 1207 135 931
Full-Hard 185 1276 140 965

In structural applications, the tough-
ness and fatigue strength of these
steels are important. At room
temperature in the annealed condition,
the austenitic steels exhibit Charpy V-
notch energy absorption values in
excess of 100 ft.-Ib. The effect of cold
rolling Type 301 on toughness is
illustrated in Figure 16. This shows
Type 301 to have good toughness even
after cold rolling to high tensile
strengths.

Fatigue or endurance limits (in bend-
ing) of austenitic stainless steels in the
annealed condition shown in Table 9

are about one-half the tensile strength.
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New Design Specification

Until recently, design engineers want-
ing to use austenitic stainless steels
structurally had to improvise due to the
lack of an appropriate design
specification. The familiar American
Institute for Steel Construction and AlSI
design specifications for carbon steel
design do not apply to the design of
stainless steel members because of
differences in strength properties,
modulus of elasticity, and the shape of
the stress strain curve. Figure 17 shows
that there is no well-defined yield point
for stainless steel.

Table 9
TYPICAL ENDURANCE LIMITS OF
ANNEALED CHROMIUM-NICKEL
STAINLESS STEEL SHEET (2)
AlSI Endurance
Type limit, ksi MPa
301 35 241
302 34 234
303 35 241
304 35 241
316 39 269
321 38 262
347 39 269

Now the American Society of Civil
Engineers (ASCE), in conjunction with the
SSINA, has prepared a standard
(ANSI/ASCE-8-90) "Specification for the
Design of Cold-Formed Stainless Steel
Structural Members." This standard
covers four types of austenitic stainless
steel, specificially Types 201, 301, 304
and 316, and three types of ferritic stain-
less steels (See Ferritic section below).
This standard requires the use of struc-
tural quality stainless steel as defined in
general by the provisions of the American
Society for Testing and Materials (ASTM)
specifications.

Some of the physical properties of
austenitic stainless steels are similar to
those of the martensitic and ferritic stain-
less steels. The modulus of elasticity, for
example, is 28 x 10° psi (193 GPa) and
density is 0.29 Ib. per cu. in. (8060 Kg/m®).
The physical properties of annealed Type
304 are shown in Table 10.

Ferritic Stainless Steels

Ferritic stainless steels contain approxi-
mately 12% chromium (and up). The
chemical composition of the standard
grades are shown in Table 11 along with
nominal mechanical properties. Also
several proprietary grades (see Appendix
A) have achieved relatively wide commer-
cial acceptance.

Three ferritic stainless steels, namely
Types 409, 430 and 439 are included in
the ASCE “Specification for the Design of
Cold-Formed Stainless Steel Structural
Members.” Designers should be aware of

two notations in this specification:

(1) The maximum thickness for Type
4009 ferritic stainless used in the standard
is limited to 0.15 inches.

(2) The maximum thickness for Type
430 and 439 ferritic stainless steels is
limited to 0.125 inches.

This is in recognition of concerns for the
ductile to brittle transition temperature of
the ferritic stainless steels in structural
application. It should be noted that these
alloys have been used in plate thickness
for other applications.

Generally, toughness in the annealed
condition decreases as the chromium
content increases. Molybdenum tends to
increase ductility, whereas carbon tends
to decrease ductility. Ferritic stainless
steels can be used for structural applica-
tions (as noted above), as well as such
traditional applications as kitchen sinks,
and automotive, appliance, and luggage
trim, which require good resistance to
corrosion and bright, highly polished
finishes.

When compared to low-carbon steels,
such as SAE 1010, the standard num-
bered AISI ferritic stainless steels, (such
as Type 430) exhibit somewhat higher
yield and tensile strengths, and low elon-
gations. Thus, they are not as formable as
the low-carbon steels. The proprietary fer-
ritic stainless steels, on the other hand,
with lower carbon levels have improved
ductility and formability comparable with
that of low-carbon steels. Because of the
higher strength levels, the ferritic stainless
steels require slightly more power to form.

Micro cleanliness is important to good
formability of the ferritic types because
inclusions can act as initiation sites for
cracks during forming.

Type 405 stainless is used where the
annealed mechanical properties and cor-
rosion resistance of Type 410 are satisfac-
tory but when better weldability is desired.
Type 430 is used for formed products,
such as sinks and decorative trim.
Physical properties of Type 430 are shown
in Table 10. Types 434 and 436 are used
when better corrosion resistance is
required and for relatively severe
stretching.

For fasteners and other machined parts,
Types 430F and 430F Se are often used,
the latter being specified when forming is
required in addition to machining.

Types 442 and 446 are heat resisting
grades.

Type 409, which has the lowest chro-
mium content of the stainless steels, is
widely used for automotive exhaust
systems.
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Table 10 PHYSICAL PROPERTIES OF GENERAL-PURP OSE STAINLESS STEELS (ANNEALED) (1)

Type 304 Type 430 Type 410 S13800
Modulus of Elasticity in Tension
psi x 10° (GPa) 28.0 (193) 29.0  (200) 29.0  (200) 29.4  (203)
Modulus of Elasticity in Torsion
psi x 10° (GPa) 125 (86.2) - - - - - -
Density, Ibs/in’® (kg/m®) 0.29  (8060) 0.28 (7780) 0.28 (7780) 0.28 (7780)
Specific Heat, Btu/Ib/F (J/kgeK)
32-212F (0-100°C) 0.12 (503) 0.11  (460) 0.11  (460) 0.11  (460)
Thermal Conductivity, Btu/hr/ft/F (W/meK)
212°F (100°C) 9.4 (0.113) 15.1 (0.182) 14.4 (0.174) 8.1 (0.097)
932°F (500°C) 12.4  (0.149) 15.2  (0.183) 16.6  (0.201) 12.7  (0.152)
Mean Coefficient of Thermal Expansion
x10°/F (x10°/°C)
32-212°F (0-100°C) 9.6 (17.3) 5.8 (10.4) 55 (9.9 5.9 (10.6)
32-600°F (0-315°C) 9.9 (17.9) 6.1 (11.0) 6.3 (11.4) 6.2 (11.2)
32-1000°F (0-538°C) 10.2 (18.4) 6.3 (11.4) 6.4 (11.6) 6.6 (11.9)
32-1200°F (0-648°C) 10.4 (18.8) 6.6 (11.9) 6.5 (11.7) - -
32-1800°F (0.982°C) - - 6.9 (12.4) (32-1500°F) - - - -
Melting Point Range °F 2550 to 2650 2600 to 2750 2700 to 2790 2560 to 2625
(°C) (1398 to 1454) (1427 to 1510) (1483 to 1532) (1404 to 1440)
Table 11 FERRITIC STAINLESS STEELS (1)
Chemical Analysis % (Max. unless noted otherwise)
Type C Mn P S Si Cr Ni Mo Other
405 0.08 1.00 0.040 0.030 1.00 11.50/14.50 0.60 0.10/0.30 Al
409 0.08 1.00 0.045 0.045 1.00 10.50/11.75 0.50 6xC/0.75 Ti
429 0.12 1.00 0.040 0.030 1.00 14.00/16.00 0.75
430 0.12 1.00 0.040 0.030 1.00 16.00/18.00 0.75
430F 0.12 1.25 0.060 0.15 (min)| 1.00 16.00/18.00 0.60*
430F Se 0.12 1.25 0.060 0.060 1.00 16.00/18.00 0.15 Se (min.)
434 0.12 1.00 0.040 0.030 1.00 16.00/18.00 0.75/1.25
436 0.12 1.00 0.040 0.030 1.00 16.00/18.00 0.75/1.25 5xC/0.70Cb+Ta
442 0.20 1.00 0.040 0.030 1.00 18.00/23.00 0.60
446 0.20 1.50 0.040 0.030 1.00 23.00/27.00 0.75 0.25N
* May be added at manufacturer's option.
Nominal Mechanical Properties
(Annealed sheet unless noted otherwise)
. Yield Strength Elongation in
Type Tensile Strength (to .2% offset) 2" (50.80 mm) (girciwmjf) Pg:;m
ksi MPa ksi MPa %
405 65 448 40 276 25 B75
409 65 448 35 241 25 B75
429 70 483 40 276 30 B8O (Plate)
430 75 517 50 345 25 B85
430F 95 655 85 586 10 B92
430F Se 95 655 85 586 10 B92 (Wire)
434 77 531 53 365 23 B83
436 77 531 53 365 23 B83
442 80 552 45 310 20 B90 (Bar)
446 80 552 50 345 20 B83

IT
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Martensitic Stainless Steels

The martensitic grades are so named
because when heated above their critical
temperature (1600°F or 870°C) and cooled
rapidly, a metallurgical structure known as
martensite is obtained. In the hardened
condition the steel has very high strength
and hardness, but to obtain optimum
corrosion resistance, ductility, and impact
strength, the steel is given a stress-
relieving or tempering treatment (usually in
the range 300-700°F (149-371°C)).

Tables 12, 13 and 14 give the chemical
compositions and mechanical properties of
martensitic grades in the annealed and
hardened conditions.

The martensitic stainless steels fall into
two main groups that are associated with
two ranges of mechanical properties: low-
carbon compositions with a maximum
hardness of about Rockwell C45 and the
higher-carbon compositions, which can be
hardened up to Rockwell C60. (The
maximum hardness of both groups in the
annealed condition is about Rockwell C24.)
The dividing line between the two groups is
a carbon content of approximately 0.15%.

In the low-carbon class are Types 410,
416 (a free-machining grade) and 403 (a
"turbine-quality" grade). The properties,
performance, heat treatment, and fabrica-
tion of these three stainless steels are
similar except for the better machinability of
Type 416.

On the high-carbon side are Types 440A,
B, and C.

Types 420, 414, and 431, however, do
not fit into either category. Type 420 has a
minimum carbon content of 0.15% and is
usually produced to a carbon specification
of 0.3-0.4%. While it will not harden to such
high values as the 440 types, it can be
tempered without substantial loss in
corrosion resistance. Hence, a combination
of hardness and adequate ductility (suitable
for cutlery or plastic molds) is attained.

Types 414 and 431 contain 1.25-2.50%
nickel, which is enough to increase
hardenability, but not enough to make them
austenitic at ambient temperature. The
addition of nickel serves two purposes: (1)
it improves corrosion resistance because it
permits a higher chromium content, and (2)
it enhances toughness.

Martensitic stainless steels are subject to
temper embrittlement and should not be
heat treated or used in the range of 800 to
1050°F (427-566°C) if toughness is
important. The effect of tempering in this
range is shown by the graph in Figure 18.
Tempering is usually performed above this
temperature range.
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Impact tests on martensitic grades show
that toughness tends to decrease with
increasing hardness. High-strength (high-
carbon) Type 440A exhibits lower
toughness than Type 410. Nickel increases
toughness, and Type 414 has a higher level
of toughness than Type 410 at the same
strength level.

Martensitic grades exhibit a ductile-brittle
transition temperature at which notch
ductility drops very suddenly. The transition
temperature is near room temperature, and
at low temperature about -300°F (-184°C)
they become very brittle, as shown by the
data in Figure 19. This effect depends on
composition, heat treatment, and other
variables.

Clearly, if notch ductility is critical at room
temperature or below, and the steel is to be
used in the hardened condition, careful
evaluation is required. If the material is to
be used much below room temperature, the
chances are that quenched-and-tempered
Type 410 will not be satisfactory. While its
notch ductility is better in the annealed
condition down to -100°F (-73°C), another
type of stainless steel is probably more
appropriate.

The fatigue properties of the martensitic
stainless steels depend on heat treatment
and design. A notch in a structure or the
effect of a corrosive environment can do
more to reduce fatigue limit than alloy
content or heat treatment.

Figure 20 gives fatigue data for Type 403
turbine quality stainless at three test
temperatures. The samples were smooth
and polished, and the atmosphere was air.

Another important property is abrasion or
wear resistance. Generally, the harder the
material, the more resistance to abrasion it
exhibits. In applications where corrosion
occurs, however, such as in coal handling
operations, this general rule may not hold,
because the oxide film is continuously
removed, resulting in a high apparent
abrasion/corrosion rate.

Other mechanical properties of marten-
sitic stainless steels, such as compressive
yield shear strength, are generally similar to
those of carbon and alloy steels at the
same strength level.

Room-temperature physical properties of
Type 410 are shown in Table 10. The
property of most interest is modulus of
elasticity. The moduli of the martensitic
stainless steels (29 x 10° psi) (200 GPa)
are slightly less than the modulus of carbon
steel (30 x 10° psi) (207 GPa) but are
markedly higher than the moduli of other
engineering materials, such as aluminum
(10 x 10° psi) (67 GPa).

The densities of the martensitic stain-
less steels (about 0.28 Ib. per cu. in.)
(7780 Kg/m®) are slightly lower than those
of the carbon and alloy steels. As a result,
they have excellent vibration damping
capacity.

The martensitic stainless steels are
generally selected for moderate resistance
to corrosion, relatively high strength, and
good fatigue properties after suitable heat
treatment. Type 410 is used for fasteners,
machinery parts and press plates. If greater
hardenability or higher toughness is
required, Type 414 may be used, and for
better machinability, Types 416 or 416 Se
are used. Springs, flatware, knife blades,
and hand tools are often made from Type
420, while Type 431 is frequently used for
aircraft parts requiring high yield strength
and resistance to shock. Cutlery consumes
most of Types 440A and B, whereas Type
440C is frequently used for valve parts
requiring good wear resistance.

High-carbon martensitic stainless steels
are generally not recommended for welded
applications, although Type 410 can be
welded with relative ease. Hardening heat
treatments should follow forming operations
because of the poor forming qualities of the
hardened steels.

11
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Table 12 MARTENSITIC STAINLESS STEELS (1)
Chemical Analysis % (Max. unless noted otherwise)

Type C Mn S Si Cr Ni Mo Other

403 0.15 1.00 0.040 0.030 0.50 11.50/13.00

410 0.15 1.00 0.040 0.030 1.00 11.50/13.50

414 0.15 1.00 0.040 0.030 1.00 11.50/13.50 1.25/2.50

416 0.15 1.25 0.060 0.15 (Min) 1.00 12.00/14.00 0.60*

416 Se 0.15 1.25 0.060 0.060 1.00 12.00/14.00 0.15 Se (Min.)

420 0.15 (Min.) 1.00 0.040 0.030 1.00 12.00/14.00

420 F 0.15 (Min.) 1.25 0.060 0.15 (Min.) 1.00 12.00/14.00 0.60*

422 0.20/0.25 1.00 0.025 0.025 0.75 11.00/13.00 0.50/1.00 0.75/1.25 0.15/0.30 V
0.75/1.25 W 11

431 0.20 1.00 0.040 0.030 1.00 15.00/17.00 1.25/2.50

440A 0.60/0.75 1.00 0.040 0.030 1.00 16.00/18.00 0.75

440B 0.75/0.95 1.00 0.040 0.030 1.00 16.00/18.00 0.75

440C 0.95/1.20 1.00 0.040 0.030 1.00 16.00/18.00 0.75

*May be added at manufacturer's option

Table 13 Nominal Mechanical Properties
(Annealed sheet unless noted otherwise)

. Yield Strength Elongation in
Type Tensile Strength (0.2% offset) 2" (50.80 mm) ?RaggEfvzi) PrFogr‘r‘Tft
ksi MPa ksi MPa %

403 70 483 45 310 25 B80

410 70 483 45 310 25 B8O

414 120 827 105 724 15 B98

416 75 517 40 276 30 B82 (Bar)

416Se 75 517 40 276 30 B82 (Bar)

420 95 655 50 345 25 B92 (Bar)

420F 95 655 55 379 22 220 (Brinell) (Bar)

422% 145 1000 125 862 18 320 (Brinell) (Bar)

431 125 862 95 655 20 C24 (Bar)

440A 105 724 60 414 20 B95 (Bar)

4408 107 738 62 427 18 B96 (Bar)

440C 110 758 65 448 14 B97 (Bar)

*Hardened and Tempered
Precipitation Hardening
Stainless Steels N

The principle of precipitation hardening (1793 MPa) (tensile) can be achieved — age hardened conditions.
is that a supercooled solid solution (solu- exceeding even those of the martensitic Precipitation hardening stainless
tion annealed material) changes its metal- stainless steels — while corrosion resis- steels have high strength, relatively good
lurgical structure on aging. The principal tance is usually superior — nearly equal to ductility, and good corrosion resistance at
advantage is that products can be fabri- that of Type 304 stainless. Ductility is moderate temperatures. They are utilized
cated in the annealed condition and then similar to corresponding martensitic for aerospace structural components, fuel
strengthened by a relatively low- grades at the same strength level. Table tanks, landing gear covers, pump parts,
temperature 900-1150°F (482-620°C) 15 shows the chemical composition and shafting, bolts, saws, knives, and flexible
treatment, minimizing the problems the nominal mechanical properties of four bellows-type expansion joints.
associated with high-temperature treat- AISI standard precipitation hardening Physical properties of UNS S13800
stainless steels in solution treated and are shown in Table 10.

ments. Strength levels of up to 260 ksi
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Table 14
NOMINAL MECHANICAL PROPERTIES
As Quenched Hardness and Properti es After Hardening and Tempering 1 in. (25.4 mm) Diameter Bars

Hardenin As Quenched Temperin Tensile Yield Str. Elon. in. Red. of Izod Impact Tempered

9 Hardness pering Strength, ksi 0.2% 2in. (50.80 mm) Area V-Notch Hardness

Type UNS  Temp. °F(°C) HB HR  Temp. °F (°C) (MPa) Offset ksi (MPa) % % Ft. Lbs. (J) HB  HR
403 and S40300 1800 (981) 410 C43 400 (204) 190 (1310) 145 (1000) 15 55 35 (47) 390 C41
410 S41000 600 (315) 180 (1241) 140  (965) 15 55 35 (47) 375 C39
800* (426) 195 (1344) 150 (1034) 17 55 390 C41

1000* (538) 145 (1000) 115  (793) 20 65 300 C31

1200 (648) 110 (758) 85 (586) 23 65 75 (102) 225 B97

1400 (760) 90  (621) 60 (414) 30 70 100 (136) 180 B89

416 and S41600 1800 (981) 410 C43 400 (204) 190 (1310) 145 (1000) 12 45 20 (27) 390 C41
416 Se  S41623 600 (315) 180 (1241) 140  (965) 13 45 20 (27) 375 C39
800* (426) 195 (1344) 150 (1034) 13 50 390 C41

1000* (538) 145 (1000) 115 (793) 15 50 300 C31

1200 (648) 110 (758) 85 (586) 18 55 30 (41) 225 B97

1400 (760) 90  (621) 60 (414) 25 60 60 (81) 180 B89

414 S41400 1800 (981) 425 C44 400 (204) 100 (1379) 150 (1034) 15 55 45 (61) 410 C43
600 (315) 190 (1310) 145 (1000) 15 55 45 (61) 400 C41

800 (426) 200 (1379) 150 (1034) 16 58 415 C43

1000* (538) 145 (1000) 120 (827) 20 60 290 C30

1200 (760) 120 (827) 105 (724) 20 65 50 (68) 250 C22

431 S43100 1900 (1036) 440 C45 400 (204) 205 (1413) 155 (1069) 15 55 30 (41) 415 C43
600 (315) 195 (1344) 150 (1034) 15 55 45 (61) 400 C41

800* (426) 205 (1413) 155 (1069) 15 60 415 C43

1000* (538) 150 (1034) 130 (896) 18 60 325 C34

1200 (760) 125 (862) 95  (655) 20 60 50 (68) 260 C24

420 S42000 1900 (1036) 540 C54 600 (315) 230 (1586) 195 (1344) 8 25 10 (14) 500 C50
440A S44002 1900 (1036) 570 C56 600 (315) 260 (1793) 240 (1655) 5 20 4 (5) 510 Cb1
440B S44003 1900 (1036) 590 C58 600 (315) 280 (1931) 270 (1862) 3 15 3 4 555 C55
440C S44004 1900 (1036) 610 C60 600 (315) 285 (1965) 275 (1896) 2 10 2 (3) 580 C57

*Tempering within the range of 750 to 1050 °F (399 to 565 °C) is not recommended because such treatment will result in low and erratic impact properties and loss of corrosion
resistance. Note. Variations in chemical composition within the individual type ranges may affect the mechanical properties.

Table 15
PRECIPITATION HARDENING STAINLESS STEELS (1)
Chemical Analysis % (Max. unless noted otherwise)
Type C Mn P S Si Cr Ni Mo Other
S13800 0.05 0.10 0.010 0.008 0.10 12.25/13.25 7.50/8.50 2.00/2.50 0.90/1.35 Al
0.010 N
S15500 0.07 1.00 0.040 0.030 1.00 14.00/15.50 3.50/5.50 2.50/4.50 Cu
0.15/0.45 Cb + Ta
S17400 0.07 1.00 0.040 0.030 1.00 15.50/17.50 3.00/5.00 3.00/5.00 Cu
0.15/0.45 Cb + Ta
S17700 0.09 1.00 0.040 0.040 0.040 16.00/18.00 6.50/7.75 0.75/1.50 Al
Nominal Mechanical Properties
(Solution Treated Bar)
. Yield Strength Elongation in
Type Tensile Strength (0.2%offset) 2" (50.80 mm) ?Ra(;g{(‘;z)
ksi MPa ksi MPa %

S13800 160 1103 120 827 17 C33
S15500 160 1103 145 1000 15 C35
S17400 160 1103 145 1000 15 C35
S17700 130 896 40 276 10 B90
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HIGH TEMPERATURE
MECHANICAL PROPERTIES

Stainless steels are used at temperatures
up to about 2000°F (1093°C) because they
have good strength at elevated temperature
and good resistance to corrosion and
oxidation.

In steam power generation, for example,
high allowable design stresses permit the
use of thin sections and high operating
temperatures. In aircraft and spacecraft
design, the AISI numbered stainless steels
are used for parts in which hot strength is
crucial. Stainless steels are used
extensively in heat exchangers in which
there is need for both corrosion resistance
and hot strength, especially for pressure
service. The nuclear power industry
represents many high-temperature
applications for stainless steels, such as
superheaters, boilers, feed-water heaters,
valves, and main steam lines.

At steam temperatures over 1050°F
(566°C), the austenitic stainless steels are
preferred. This is illustrated by Table 16,
which shows allowable stresses for Type
304 seamless pipe in unfired vessels, as
compared with a low-alloy chromium-
molybdenum steel.

In analyzing high-temperature properties,
hot strength and thermal stability (from the
standpoint of softening or embrittlement)
are important. Physical properties are also
significant.

Figure 21 gives a broad concept of the
hot-strength advantages of stainless steels
in comparison to low-carbon unalloyed
steel. Precipitation hardening stainless
steels also have excellent hot strength at
moderate temperatures, but their strength
declines sharply as they overage at high
temperature.

Figure 22 compares the effect of tem-
perature on the strength and ductility of
annealed vs. cold worked Type 301. Above
1000°F (537°C), design will be based on
creep or rupture strength.

Figure 23 shows short-time tensile and
yield strengths of various stainless steels.

Table 17 shows creep and rupture
strengths of annealed 400 Series stainless
steels exposed to temperatures up to
1500°F (816°C), while Table 18 shows data
for five stainless steels at 1600-2000°F
(871-1093°C). Figures 24, 25, and 26 show
comparative 100,000 hour stress-rupture
data for Types 304, 321, and 347, respec-
tively.

These data generally apply to stainless
steels normally furnished by mills, but it
should be recognized that processing
variables can occur. To minimize such
variables in materials for high-

temperature service, ASTM has estab-
lished an "H" modification of some AISI
numbered stainless steels. This modifica-
tion establishes a minimum carbon level in
grades such as 304H and 321H when the
intended application requires good high
temperature properties.

Welding can affect high-temperature
rupture and creep strength characteristics.
Nevertheless, good welding practices
result in reliable values.

Pressure vessels and other elevated-
temperature equipment are designed to
American Society of Mechanical
Engineers Boiler and Pressure Vessel
Codes. These represent an excellent
compendium of minimum requirements for
design, fabrication, inspection and
construction. Designers should refer to the
latest applicable revisions that reflect
current technology.

THERMAL STABILITY
With time and temperature, changes in
metallurgical structure can be expected
for almost any steel or alloy. In stainless
steels, the changes can be softening,
carbide precipitation, or embrittlement.
Softening occurs in the martensitic
stainless steels when exposed to
temperatures approaching or exceeding
the original tempering temperature.
Type 440C, for example, can be held at
900°F (482°C) for only short periods if
the high hardness is to be retained.
Cold-worked austenitic stainless steels,
as shown previously in Figure 22, may
also soften at elevated temperature.
Embrittlement usually means the
loss of room-temperature toughness.
Embrittled equipment must be handled
carefully to avoid impact when it is
cooled down for maintenance. Table 19
shows how prolonged holding at
temperatures of 900 to 1200°F (482-
649°C) can affect room-temperature
toughness of various stainless steels,
while Figure 27 puts embrittlement in
better perspective with respect to the
three "general-purpose"” types. Note that
the transition temperature for Types 410
and 430 is near room temperature, while
there is only minor loss of toughness in
Type 304. Embrittlement is rarely of
concern with austenitic stainless steels.
Ferritic and duplex stainless steels are
subject to embrittlement when exposed to
temperatures of 700-950°F over an
extended period of time. Martensitic
grades with greater than 12% chromium
also have been known to display brittle
tendencies after extended periods in the
same temperature range. This phenome-
non is called 885F embrittlement because
of the temperature at which embrittlement
is most pronounced.

885F embrittlement results in low duc-
tility and increased hardness and tensile
strengths at room temperature, and the
metal may fracture catastrophically if
not handled carefully. The metal,
however, retains its desirable
mechanical properties at operating
temperature (500°F and higher). The
effect of 885F embrittlement can be
removed by heat treatment at 1100°F
(593°C).

Ferritic and duplex grades are subject
to sigma-phase embrittlement when
exposed to temperatures of 1000-
1800°F (538-987°C) over extended
periods, which also results in loss of
room-temperature ductility and corrosion
resistance. Sigmaphase can be removed
by heat treatment for ferritic grades at
1650°F (899°C) followed by air cooling,
and at 1900°F (1038°C), and higher for
duplex grades.

Carbide precipitation occurs (see sec-
tion on corrosion) in austenitic stainless
steels in the temperature range of 800-
1600°F (427-871°C). This causes a loss
of toughness and may make the steel
subject to intergranular corrosion in cer-
tain environments. It can be removed by
heat treatment above 1900°F (1038°C).

Brittle failure under load is of concern,
especially in welded fabrications. This
type of embrittlement is largely a
problem at temperatures of 1000-1500°F
(538-816°C), since strength and not
ductility is the limiting factor at higher
temperatures. Because of difficulty in
evaluating data, and the variable
conditions involved, designers are
encouraged to seek technical assistance
from stainless steel producers.

Physical properties such as linear
expansion and thermal conductivity are
of interest. Figure 28 shows austenitic
stainless steels to have greater thermal
expansion than martensitic or ferritic
grades. This should be considered when
joining dissimilar metals.

Thermal conductivity is also different
among different stainless steels.
However, in heat exchange applications,
film resistance, fouling, and other
surface factors have a far greater effect
on heat transfer than the alloy itself.

Fluctuating thermal stresses, resulting
from periodic changes in temperature,
can lead to fatigue problems. A rule of
thumb has been used with apparent suc-
cess: For a 20-year life, a figure of 7000
cycles — corresponding to one cycle a
day — has been used in piping design,
while 40,000 is the number of tempera-
ture swings for process equipment over
the same period. The 300 Series stain-
less steels are more sensitive to thermal
fatigue than the 400 Series types.
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Table 16
ALLOWABLE STRESS AT MAXIMUM METAL TEMPERATURE (2
°F 900 950 1000 1050 1100 1150 1200