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SETTING THE STANDARD BALL SCREW SUPPORT BEARINGS

Our products and services set the standard in high-speed spindleBall screw support bearings with steep contact angles, available in
ball screws, rotary tables and other demanding applications. Owingle row, or in housed units, provide high levels of stiffness and
portfolio includes specialized tapered roller and ball bearingsimpli ed installation for the demands of servo-controlled machinery.
produced to precision classes that deliver operating characteristics

necessary for the highest performance.

Timke® bearings meet or exceed application needs for rotationaﬂA‘SSEIVIBI—E'TO'()RDER PROGRAM

accuracy, consistency and rigidity. Longer bearing service lif@©ur premium customer service is leveraged by our global sales and

translates to more machine uptime and production. distribution network. The Assemble-To-Order Program can perform
cost-effective quick delivery of a variety of machine tool ball bearings
for product not easily found at local distribution centers.

PRODUCT BREADTH
Brands like Timkéhand Fafn® re ect an extensive line of tapered,

spherical, cylindrical, ball bearings and mounted units for virtuaIIH OW TO USE TH|S CATALOG

every machine tool and industrial application. We can offer the right
bearing for almost any machine position. We designed this catalog to help you find the Timken bearings

best suited to your equipment needs and speci cations.

This publication contains dimensions, tolerances and load ratings,

TAPERED ROLLER BEARINGS as well as engineering sections describing tting practices for

Timke® tapered roller bearings have been used for many years iﬁhafts and hous_ings, internal clearances
machine tool applications due to their widely recognized advantag@é]d other bearing features. For

in stiffness, load-carrying capacity, precision and reliability over othdF'ore .|nformat|on,. plea§e use
bearing designs. the Timken Engineering

Manual (order [no.
As applications have achieved much higher cutting speeds, Timkarb424)_ It provides

has maintained the same global accuracy level by developing apie assistance
optimum spindle designs through special internal bearing geometyy, e
and innovative bearing designs.

initial
consideration
of the type and
characteristics of 31

BALL BEAR'NGS the bearings that : = '{1.'

Ultra-precision equipment requires more than standard bearing®ay best suit your b . >
can deliver. Timken super precision ball bearings meet the highegarticular needs.

: N LS N -1.‘-"'-'4&%_ _._l
industry standards in tolerance levels (including ABEC 9). De:figne 1 i -
machine tool applications, our precision ball bearings offer superior
tolerance and performance.

ANGULAR CONTACT BEARINGS

Timke® Fafni® angular contact ball bearings are manufactured to
provide a high degree of rigidity in both axial and radial directions
while operating at minimum temperatures for a wide range of speeds
and operating loads, leading to more accurate work at a higher
production rate.

Our angular contact ball bearings give the machine builder the
exibility required to meet speed and load variatiom machine
tool applications.
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SHELF LI FE AN D STO RAGE OF er a product is removed from its packaging, it should be
GREASE'LU BR'CATED BEARlNGS A ced into service as soon as possible. '

COM PON ENTS When removing a product that is not individually packaged
from a bulk pack container, the container should be resealed

To help you get the most value from our products, Timken prov'desimmediately after the product is removed.

guidelines for the shelf life of grease-lubricated ball and roller
bearings, components and assemblies.Shelf life information is based
on Timken and industry test data and experience.

Do not use product that has exceeded its shelf life as de ned in
the Timken shelf life guidelines statement.

The storage area temperature should be maintained between 0
C (32 F)and 40 C (104 F); temperature uctuations should be

SHELF LIEE minimized.

The relative humidity should be maintained below 60 percent
Shelf life should be distinguished from lubricated bearing component and the surfaces should be dry.

design life as follows: The storage area should be kept free from airborne

Shelf life of the grease-lubricated bearing/component represents the contaminants such as, but not limited to, dust, dirt, harmful
period of time prior to use or installation. vapors, etc.

The shelf life is a portion of the anticipated aggregate design life. The storage area should be isolated from undue vibration.

It is impossible to accurately predict design life due to variations it Extreme conditions of any kind should be avoided.

lubricant bleed rates, oil migration, operating conditions, installatiof e to the fact that Timken is not familiar with your particular storage
conditions, temperature, humidity and extended storage. conditions, we strongly suggest following these guidelines. However,

TIMKEN IS NOT RESPONSIBLE FOR THE SHELF LIFE OYoWRMy be required by circumstances or applicable government
BEARING/COMPONENT LUBRICATED BY ANOTHER PARTY. requirements to adhere to stricter storage requirements.

Most bearing components typically ship protected with a corrosion-

. preventive compound that is not a lubricant. These components
European REACH Comp“ance may be used in oil-lubricated applications without removal of the

Timken lubricants, greases and similar products sold in stand alof€rrosion-preventive compound. When using some specialized
containers or delivery systems are subject to the European REA8{§ase lubrications, we advise you to remove the corrosion-
(Registration, Evaluation, Authorization and Restriction of Chemicé?&?Ve”tiVe compound before packing the bearing components with
directive. For import into the European Union, Timken can sell afi¢table grease.

provide only those lubricants and greases that are registered witBe careful in selecting lubrication, however, since different lubricants
ECHA (European Chemicals Agency). For further information, please€ often incompatible.

contact your Timken engineer. . . .
y 9 When you receive a bearing shipment, do not remove products from

their packaging until they are ready for mounting so they do not

become corroded or contaminated.
STORAGE !

- . - . Store bearings and _be
Timken suggests the following storage guidelines for our mShednousings in an apg

products (bearings, components and assemblies, referred to %Stmosphere so t
“products”):

remain protected f
Unless directed otherwise by Timken, products should be keptthe intended period
in their original packaging until they are ready to be placed into
service.

Do not remove or alter any labels or stencil markings on the
packaging.

Products should be stored in such a way that the packaging is
not pierced, crushed or otherwise damaged.
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WARNINGS
/\ WARNING
Failure to observe the following warnings could NOTE
create a risk of death or serious injury. Do not use excessive force when mounting
or dismounting the unit.
Proper maintenance and handling practices are critica]. Follow all tolerance, t, and torque recommendations.
Always follow installation instructions and maintain Ensure proper alignment.
proper lubrication. Never weld housed units.
Overheated bearings can ignite explosive atmospheres. Do not heat components with an open ame.
Special care must be taken to properly select, install Do not operate at bearing temperatures above 121 C (250 F).
maintain, and lubricate housed unit bearings that are used Never interchange components between completed
in or near atmospheres that may contain explosive leve|s of bearing assemblies.

n, Never use a hammer and steel bar on a bearing for installation

combustible gases or accumulations of dust such as grai
or removal. Use only a brass bar or a soft-headed mallet.

coal, or other combustible materials.

Consult your equipment designer or supplier for installation
Never spin a bearing with compressed air. and maintenance instructions.

The components may be forcefully expelled. Never use steam or hot water when cleaning the bearings because

) ) ] these methods can create rust or corrosion.
A bearing/component should not be put into service

. ) Never expose any surface of a bearing to the ame of a torch.
if its shelf life has exceeded.

Do not heat bearing beyond 149°C (300°F).

Tensile stresses can be very high in tightly tted bearing  Product performance is affected by many factors beyond the control
components. Attempting to remove such components of Timken. Therefore, the suitability and feasibility of all designs and

5
by cutting the cone (inner race) may result in a sudden product selection should be validated by you. This catalog is provided
. X solely to give you, a customer of Timken or its parent or af liates,
shattering of the component causing fragments of metd|l to analysis tools and data to assist you in your design.

be forcefully expelled. Always use properly guarded presses  No warranty, expressed or implied, including any warranty of
or bearing pullers to remove bearings from shafts, anf merchantability or tness for a particular purpose, is made by Timken.
- . . iy . Timken products are sold subject to a Limited Warranty.
always use suitable personal protective equipment, including P : v

safety glasses. Every reasonable effort has been made to ensure the accuracy

of the information contained in this catalog, but no liability is
accepted for errors, omissions or for any other reason.

/\  CAUTION DISCLAIMER

Failure to follow these cautions may This catalog is provided solely to give you analysis tools

FESUII T FrOPEy Calige, and data to assist you in your product selection. Product
performance is affected by many factors beyond the control
Do not use damaged housed units. of Timken. Therefore, you must validate the suitability and
feasibility of all product selections.

When tting the inner ring there should be an equal gap
at each joint. If there are no gaps do not proceed. Timken products are sold subject to the Timken terms and
Conditions of Sale, which include our limited warranty and
remedy. You can nd these at https:/www.timken.com/legal
notices/termsandconditionsofsale/.

The products catalogued are application speci c. Any use
in applications other than those intended could lead tp

equipment failure or to reduced equipment life.
Please consult with your Timken engineer for more

information and assistance. Every reasonable effort has
equipment. been made to ensure the accuracy of the information in this
g Writing, but no liability is accepted for errors, omissions or for
any other reason.

Use of improper bearing ts may cause damage to th

D

Do not use damaged bearings. The use of a damage
bearing can result in equipment damage.

Warnings for this product line are in this catalog and posted on http://
www.timken.com/legal-notices/

4 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



ENGINEERING

The following topics are covered within this s¢

Bearing Selection Process. . .. ...

Applied Loads and Bearing Analysis. ................. 25.
Bearing Life and System Life ......................... 36.
Permissible Operating Speed and Lubrication.......... 42
Run-In Procedures. . .. ... ...
Heat Generation and Dissipation. ..................... 54.
TOleranCes . . . ..ot 57...
Fitting Practices. .. ... i 72. ..
Shaft And Housing Considerations. ................... 82.
Mounting DeSIgNS. . .. ..o ot 86 ..
Setting And Preloading Guidelines. ................... 94.

ENGINEERING

This engineering section is not intended to be comprehensive, but does

serve as a useful guide in bearing selection.

o .
,E_@'EEJ! To view more Timken catalogs, gavtew.timken.com/catalogs
e EJ.'-"!."} for interactive versions, or to download a catalog app for your
ﬂj_‘f:-‘_:'_}rl- _‘E smart phone or mobile device scan the QR code or go to
1

timkencatalogs.squawgr.com

op
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ENGINEERING

BEARING SELECTION PROCESS

BEARING SELECTION PROCESS Tapered Roller Bearing (TS Metric)
TIMKEN) SUPER PRECISION BEARINGS %% | 8 g Bearing MMO100W (70000548

. . S 1200€
Manufacturers require machine tools that are extremely accurate g

reliable and capable of high levels of productivity. A major contributio% 1000€
to the performance of any machine tool is supplied by the rollind} ggg0 —
bearings used to support the spindles, rotating tables, ball screws a

other critical precision positions. A manufactured bearing’s precisio &
level has a major in uence on the ability to perform in high-speed 4000

applications commonly seen in factory machining environments. 2000! I .
0 4

6000

WHICH TYPE OF TIMKEN BEARING IS MOST 0 10%% (mm1)3° 160
APPROPRIATE FOR YOUR MACHINE TOOL Fig. 1. Tapered roller bearing vs. ball bearing maximum permissible
APPLICATION? speed (with synthetic high-speed grease).

To achieve the highest possible performance precision level, thg, addition to the use of hybrid ceramic technology, further
majority of machine tool-related bearing applications must addressnhancements in speed, as well as control of bearing noise and
four primary requirements: speed, stiffness, accuracy and loagmperature, can be achieved through cage design or material, and
capacity. choice of lubrication.

Many of the factors that allow for maximum speed have been
Speed designed into Timken’s HX series of super precision ball bearings.

L ) o ) ~ Engineered for the reduction of friction and minimum heat buildup,
Today’s industrial machining environments stress MaxiMullyis series features unique ball complements and precision-

production.rates. To re_ach these high metal-removal Qoa's' maChingﬁgineered surface geometries. Options for further enhancing speed
are c_>perat|ng. at maxmum Speeds with working spindles tuned fclude the use of low weight ceramic rolling elements, lubrication

provide premium running accuracy. designed for high speed, and lighter preload levels. These are
Achievable spindle rotating speeds require management of healfscussed in further detail later in this catalog.

generation within the bearing assembly. The bearing’s ability to not
only minimize heat buildup, but also expel excess heat, is a crucial
consideration in the bearing selection process. Because of the

Seal

Cage
differences in rolling element contact geometry, ball bearings are (retgainer or
superior in minimizing heat generation, especialere higher separator)

. Outer rin
speeds are desired.
. . . - . Balls
Fig. 1 compares the relative maximum speed of similar cross section
ball and tapered roller bearings (both using synthetic grease as | A
a baseline lubricant). Therefore, in applications where higher nner NNy &
RPM levels are the primary concern, ball bearings have a distinct Cup (outer ring)

advantage. _—

Bearings must be carefully designed to minimize heat generation and
vibration to enable high speeds. Speci c strategies include overall
bearing con guration, precision internal geometry and material r .
selection. Optimizing bearing ring and shoulder construction with the ==—o Cage

ball complement supports higher speed performance. Engineering | ' (retainer or
raceway and ball geometry helps to minimize friction, while ceramic separator)
rolling elements generate less heat with reduced skidding.

Tapered rollers
To prevent vibration at high speeds, close bearing tolerances are
required. Timkeéh machine tool bearings are designed to meet or_. .

. . . Fig. 2. Bearing components.
exceed industry tolerance standards and deliver smooth running

performance.
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BEARING SELECTION PROCESS

one)

The ability to minimize tool de ection experienced under cutting load$y

is vital to achieving the accuracy needed to produce nished partsf_os
within speci ed tolerances. Less variance produces better qualitycfo|

o>

S

£
creis

and helps keep product scrap levels at a minimum. Bearings havea 1-5

signi cant effect on spindle stiffness, due to their de ection under 2
applied load. Because of their internal geometry and rolling eleme
type, tapered roller bearings provide considerably higher stiffnes

levels as shown in Fig. 3 and 4.

£ m Tapered Roller Bearing (TS Metric
& 18000000 O Ball Bearing 2MM9100W! (7000C-P4S)
%, 1600000
8 1400000
=
‘£ 1200000 I
n 2000
< 10000000 £
— =
® 8000000 2
o

6000000 1000

4000000

2000000

0+ 0
70 100 130 160
Bore (mm)

Fig. 3. Tapered roller bearing vs. ball bearing radial stiffness.

m Tapered Roller Bearing (TS Metric)

<
24 4000000 L. 700
= O Ball Bearing 2MM9100WI (7000C-P4S)
§ 350000€ - 600
£ 300000 | 500
£ 250000¢ a3
k) 400 §
X 2000006 2

1500006 - 300

100000¢ - 200

500000 - 100

0 -4
70 100 130 160
Bore (mm)

Fig. 4. Tapered roller bearing vs. ball bearing axial stiffness.

|

6 1 /
)
[} .
2 o5 Loading: ||
£ 100%Coo
N / 10%Coo

0 ! :

45 90 135 180 225 270 315 360
Load Zone ()

Fig. 5. Effect of load zone on bearing stiffness.

Bearing stiffness also depends on design load zone, which is
directly related to bearing setting, clearances and applied loads.
(Setting is de ned as a speci ¢ amount of either epldy or
preload.}) A bearing under radial load with zero end play/zero
preload has a load zone close to 180 degrees, while a bearing
with preload can reach 360 degrees load zone. Fig. 5 shows the
effect of load zone on tapered roller bearing stiffness. The curves
demonstrate that while the effect of external loads on stiffness is
important, the impact from setting is more signi cant.

Since thermal expansion can dramatically affect preload or setting,
it can also play a very important role in the resulting static and
dynamic stiffness of a spindle system. This applies to ball bearings
as well.

An inherent advantage of the tapered roller bearing is that it can
be adjusted after mounting. This means that the optimum stiffness
can be obtained either by determining the proper setting during
the mounting phase for a simple bearing arrangement, or during
running by the use of a “variable preload” bearing design such as
Timke® Hydra-RibM and Spring-R bearings.

To better manage the load sharing of the set of rolling elements,
Timken offers a variety of designed-in preload levels for ball
bearings. Be conservative with the addition of preloading as these
forces will contribute to heat generation, reducing the maximum
permissible speed of either ball or tapered roller bearing designs.

(UFor additional information, see guidelines on page 94.
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Accuracy

. . L . (ABEC 7/9; 1SO P4/P2
Anotherkeyfactormthemach|ne’spreC|S|on|stherunout(rotatlongl C 7/9;1S0 P4/

Super Precision Ball Bearings, Super High Precision

)

accuracy) of the bearing. This affects the geometry and surface nishimken super precision ball bearings manufactucethe MM/

of the target workpiece. For the ultimate accuracy and repeatabilitylMV(P4S) tolerance class operate with running accuracy and
of machine tool motion, TimKesuper precision ball bearings offer performance levels meeting ABEC 9 (ISO P2) standards yet maintain
the best control, with quietness of operation and reduced vibratiother features at ABEC 7 (ISO P4) level for cost-effectiveness. Bore
To achieve the highest level of precision with increased stiffness argnd O.D. surfaces are coded in micron units for the convenience of
load capacity, multiple ball bearings may be used in sets speci callthe discriminating machine tool builder striving for optimum  tting of

designed for this purpose.

crucial spindle components.

The most widely recognized de nition of quality is contained within

the ABEC/ISO classes; however some factors affecting performangira-precision Ball Bearings
of a bearing are not completely de ned within these standards. Thinggc 9, 1SO P2)

allows for a signi cant range of variability in product performance__

among bearing manufacturers. To provide premium performanc
all Timken ball bearing MV(P4), MM/MMV(P4S) and MMX(P?
precision grades comply with strict controls over these non-speci e
parameters — all of which can have a direct impact on the servic

life and performance of a bearing.

TABLE 1.

PRECISION BEARING CLASSES

Tapered Roller Bearings - Precision Class

Timken Metric ‘ C ‘ B‘ 4
Timken Inch ‘ 3 ‘ 0 ‘ Od
ISO/DIN | P5 | P4| P2
ABMA Metric | c B A
ABMAInch | 3 | 0| 00
Ball Bearings - Precision Class
Timken FAFNIR | VoMV MMMMY
Timken1SO | Ps5| P4 P4s
ISO/DIN | P5 | P4| |
ABMA | ABECs ABEC 7 | -

Crossed Tapered - Precision Class

Timken Metric ‘ S ‘ P
Timken Inch ‘ 3 ‘ 0

High Precision Ball Bearings (ABEC 7; ISO P4)

AA
000

MMX

P2

P2

glmken MMX(P2) super precision ball bearings, with closer tolerances
nd running accuracies than ABEC 7 (ISO P4) bearings, are made to
EC 9 (ISO P2) tolerances. Bearings produced to these tolerances

are generally used on ultra-high-speed grinding spindles designed for
tight dimensional tolerances and super ne surface nishes. Contact

your Timken representative for availability of product range.

Precision Tapered Roller Bearings
(Class C/S/3, B/P/0 and A/00)

The more demanding the precision objective, the more accurate the
bearing must be. Timken provides three tapered rollenigeaasses,

in both metric and inch systems, that cover the full range of precision
application requirements. In ascending order of accuracy, they are

identi ed in the metric system as Class C/S, B/P, and A, while in the
inch system as Class 3, 0, and 00.

Precision Plus’ Tapered Roller Bearings
(Class 000/AA)

ABECI® further minimize the in uence of variations, Timken offers a fourth

level of precision tapered roller bearing manufacture so tightly
controlled that it goes beyond the grade levels of both ISO and ABMA
standards. Timken’s Precision PlusTM line offers (metric-nominal)
AA level and (inch-nominal) 000 tapered roller bearings in various
sizes and styles.

Timken high precision ball bearings manufactured to the MV (P4)
tolerance class operate with running accuracy, performance levels
and dimensional controls conforming to ABEC 7 (ISO P4) tolerances.
These bearings are the right choice for applications where both
precision and cost effectiveness drive the selection.

8 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG
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Timken’s MV (P4) and MMV (P4S) bearings are micron coded for the)AD CAPACITY
best possible t up with the shaft and housing in the application. Even

though these bearings conform to MV (P4) precision dimensional%f?

me machining centers, such as rough grinding operations, are

allowing for a lenient tolerance spread, micron coding ensures thatrategically designed for higher material removal rates. The need
the bearing combinations in a set are made so that the bores af@f aggressive feed rates requires higher load-carrying capacities.
outer diameters do not vary by more than 2um from bearing to beari§ese loads can be properly distributed among the rolling elements

M@ 50mm < bore 80mm
] 80mm < OD 120mm
M Bore: dm-2; OD: DM-3

P4| P4

Tolerance (m)

PAS | P4S

T

aY  P4Y

by providing a permanent force called “preload” or "setting." Preload
is the strategic removal of radial play within the bearing to ensure
proper rolling element contact on both the inner and outer race.
While Timken posts its load capacities in the product tables within
this catalog, many applications often approach only a fraction of
those limits. For example, workpiece nish may determine the feed
rates needed in an application, thereby decreasing the importance
of bearing capacity.

Unloaded Preloaded

Fig. 6. Tolerance spreads of a bearing with a bore micron code of dnf=®. 7. Effect of preloading on ball bearing raceway contact.
and an O.D. micron code of DM-3.

TYPICAL PRECISION CLASSES FOR COMMON
MACHINE TOOL BEARING APPLICATIONS

Class MV(P4)

Class MM/MMV(P4S)

Class Cor 3

ClassBor0

Class MMX(P2)

Class A or 00

Class AA or 000

TABLE 2.

« Live tools
« Slab milling machines
« Textile spindles

« High-speed motorized routers

* Precision milling/boring machines

« Super precision lathes

« Precision surface grinding machines

« Low precision machines
« Drilling machines

« Conventional lathes

« Milling machines

« Precision gear drives

* NC lathes
« Milling/boring machines
* Machining centers

« Ultra-precision grinding machines
« Ball screws

« Grinding machines

« Jig boring machines

* Workpiece spindles
(of cylindrical grinders)

« High accuracy machines
« Precision measuring instruments
* Special applications

Fig. 8 compares the levels of static capacity of ball vs. tapered roller
bearings for the bene t of contrasting basic load capability of both
bearing types.

m Tapered Roller Bearing (TS Metric)

90000 —|O Ball Bearing 2MM9100WI (7000C-P4[S); 400000
s 350000 =
D_ N—r

@]
X 67500 300000 3
§ 250000 .

©
5;—45000 200000 ©

-
& - 150000 .2
= 2500 - - 100000 2

)

4 - 50000
0- 0
70 100 130 160
Bore (mm)

Fig. 8. Tapered roller bearing vs. ball bearing static capacities.

Consult the topics in this section addressing static and dynamic load
capacity for more detailed information regarding ball bearings and
tapered roller bearings to re ne your choice.

Timken can assist in the nal bearing selection to help you achieve
your precision machining production goals. Timken’s staff of
application engineers is ready to put its vast experience to any test
for assisting our customers with the challenging bearing applications

Timken engineers have at their disposal vast resources of engineering data and application COmmonly found in the machine tool industry. To re ne your search,

information to select the right bearing class and tune the critical components so that the
machine tool achieves its performance objectives. The adjacent table can be considered as a

general guideline for common machine tool bearing applications.

please turn to the sections covering tapered roller bearings or ball
bearings for more information needed to obtain a complete Timken
part number speci cation.
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TIMKENY MACHINE TOOL Outer race
BEARING DESIGN resultant, Radial

From this introductory discussion and the additional technical content
within this catalog, one can obtain an indication of which rolling ]
bearing type should be further investigated to meet the given set of Outer

" . race
boundary conditions and performance expectations. resultant

Seating
force

Inner
race
resultant

TIMKEN PRECISION TAPERED
ROLLER BEARINGS

/
The fundamental design principles of the tapered roller bearing Seating

make it an ideal solution for low-speed/high-load or low-speed/high- force

Inner race

stiffness requirements of machine tool applications. resultant

True Rolling Motion

The angled raceways of a tapered roller bearing enable it to carry
combinations of radial and axial loads. True rolling motion of th

rollers and line contact on the race allow the bearing to run cooler Elliptical
and improve spindle stiffness and accuracy as compared to other roller-rib
roller bearing types. The true rolling motion is the result of two desig contact

features: the taper of the roller and the contact between the spherical

surface ground on the large end of the rollers and the race rib. The

rollers are designed so extensions of the lines along the roller bodyd. 10. Small seating force from the inner race rib keeps rollers
. . aligned on the raceway.
converge toward the centerline of the bearing and meet at an apex

on this centerline (Fig. 9). As a result, there is no relative slip betwe;reﬁe tapered con guration of the roller not only ensures that the

surface speeds of the rollers and races match at every point along

(Out(;‘:fing) the roller body, but also generates a seating force that pushes the

the rollers and races.

rollers’ spherical ends against the race rib. This desirable seating
force is a function of the different angles of the outer and inner races
(Fig. 10) and prevents rollers from skewing off apex. No skew means
positive roller alignment, thereby enhancing bearing life, stiffness
and accuracy.

Cone |
(inner ring)

Some applications require a level of precision that cannot be achieved
with standard tapered roller bearings. Timken® precision tapered
roller bearings promote and maintain the operating accuracy required
Fig. 9. On-apex design results in true rolling motion at all points alongf today’s machine tool industry and various related, specialized
the roller body. - . .

markets. Precision class tapered roller bearings offer machine tool
builders an economical design solution that exceeds most application
needs for rotational accuracy and rigidity.
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PRECISION CLASSES

Timken’s high-precision tapered roller bearings consist of carefully

matched components that offer an added degree of ne-tuning in

the bearing setting and adjustment procedure to maximize customer
machine productivity. Timken manufactures high-speedkesiith

a variable preload capability for optimum machining and Precision
Plus bearings — having an overall radial runout less than a single

micron. TXRDI

The application of precision tapered roller bearings is not limiteflig 11 TXRDI and TXRDO.
to machine tools. Wherever spindles turn and rotational accuracy

is essential to the machine’s performance, precision tapered roller

bearings can be an excellent choice. Other typical applications afgecause of the ability of the crossed roller bearing to withstand high

printing presses, optical grinders, pro le cutters, indexing tables(,)verturning moments, it is ideal for the table bearing of machine tools

precision drives, measuring gauges and ball screw drive application§l.JCh a§ vertical bO”“Q and grinding machlngs. Th|s bearing also is
well-suited for other pivot and pedestal applications where space

To better s.erve the global machine tool market, T|mker? ha$ jimited or the lowest possible center of gravity of a rotating mass
manufacturing resources around the world focused exclusweI)/S required

on premium precision bearings. With these dedicated resources, ) ) ) o

precision quality is built into the bearing during manufacturing. T((;rossed roller bearings are available in two precision classes:
further increase service reliability, Timken precision tapered rollef Metric system Class S and P.

bearings are manufactured from high-quality steel alloys. Inch system Class 3 and 0.

The most common form of the bearing is type TXRDO, which has
a double outer race and two inner races, with rollers spaced by

separators.
The size range of Timken precision tapered roller bearings starts

from less than 20.000 mm (0.7874 in.) bore and extends to more %tgﬁr mounting con gurations and sizes of crossed roller bearings
2000.000 mm (78.7402 in.) O.D., depending on bearing type. Thecl%%gfe supplied to meet particular assembly or setting requirements.
popular types made in precision classes are the single-row TS arfo!ease ;:ontact yo.ur Tln;ken represer?ltatwe for further information.
anged TSF. Comprised of two main separable parts, they are usua’/ﬁfo’ refer to Section B for more details.

tted as one of an opposing pair. These bearing types are supported

by a range of special bearings which have been designed for maChipﬁ/dra-Ril’JM Bearings

tool applications, such as the variable preload Hydra-Rib bearing, ] o .
the high-speed TSMA bearing, and the compact TXR crossed rol gpenence has d_emonstrated th.at by .opt|m|z|ng the design
bearing, which is available only in precision classes. Timken alfpprameters of bearing geometry, spindie diameter, bearing spread,

offers a selection of two-row precision tapered roller bearings typeE’br'_Catlon system and mounting, the two single-row bearing layout
such as the double outer ring type TDO provides good results over a range of speeds and power. However, for

very wide variations of speed and load, the variable preload Timken
Hydra-Rib bearing concept is an excellent solution.

Precision Tapered Roller Bearing Types

Crossed Roller Bearings The Hydra-Rib bearing (Fig. 12 on the following page) has a oating

A crossed roller (TXR) bearing is comprised of two sets of bearimgiter ring rib in contact with the large roller ends instead of the usual
races and rollers brought together at right angles to each other, withred inner ring rib. This oating rib operates within a sealed cavity at
alternate rollers facing opposite directions, within a section heigha given pressure controlled by an appropriate hydraulic or pneumatic
not much greater than that of a single-row bearing. Also, the steepressure system. Changing the pressure consequently changes the
angle, tapered geometry of the bearing causes the load-carryingreload in the bearing system.

center of each of the races to be projected along the axis, resulting

in a total effective bearing spread many times greater than the width

of the bearing itself.
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Multiple internal geometries are available to optimize either load-
carrying capacity or speed capability: WI, WN, HX or K. WI-type
bearings are designed to maximize capacity of the various bearing
cross sections and are used in low to moderate speeds. The HX is
Timken’s proven high-speed design. It has a signi cant advantage
at higher speeds, generating less heat and less centrifugal loading
forces. The WN-type is generally a compromise between the Wi
and HX as it offers higher speed capability than the WI, but lower
capacity and higher stiffness than the HX design, with lower speed

capability.
P Most of the bearing types are available in either 15 degree (2/C) or
Fig. 12. Exploded view of a typical HydraRibearing. 25 degree (3/E) contact angles. In addition, Timken now stocks more

The controlled pressure enables the oating rib to maintain constantc amie ball sizes than ever for the highest speed requirements.

spindle preload even though differential thermal expansion occurghe K-type deep-groove (Conrad) super precision radial bearing is
in the spindle system during the working cycle. By changing thgenerally used in applications where capacity and stiffness do not
pressure, a variable preload setting can readily be achieved. Thigquire sets containing multiple bearings. By virtue of the siogle-
unique bearing concept allows the operator to control any machinintpdial deep-groove construction, and super precision level tolerances,
condition by simply changing the pressure to optimize the dynamibese are capable of carrying thrust loads in either direction, and have
stiffness and damping characteristics of the spindle. Furthermore relatively high-speed capability — especially if a light axial preload
the hydraulic or pneumatic pressure control system can easily bis applied. Timken offers deep-groove super precision radial machine
monitored by the numerical control of the machine. In the case of dijol bearings in the following ISO dimensional series:

pressure control, the hydraulic circuit of the machine can be useds |SO 10 (9100K/6000 series)

Your Timken representative should be consulted to detertimin ISO 02 (200K/6200 series)
optimum bearing selection as well as the pressure gures, as & |50 03 (300K/6300 series)
function of the given running conditions.

TIMKEN’ SUPER PRECISION BALL BEARINGS B2l Screw Support Bearings
To meet the demands of the servo-controlled machinery eld, Timken

The Timken line of super precision machine tool bearings InCIUdebsall screw support bearings are specially designed with steep contact

bearings designed to meet A_BEC7 (ISO P4) and ABEC 7/9 (IS(_) Pg'(]%%s and provide high levels of stiffness for ball screw application
tolerance levels. However, Timken manufactures all super precision

i N requirements. Timken’s series of double-row, sealed, anged (or
ball bearings to surpass ISO/ABMA criteria to ensure that the end_ . . . . . S
; i i C _ cartridge) units use an integral double-row outer ring to help simplify

users receive only the highest quality product to maximize maching . ) .
, installation procedures. Timken offers the following ball screw support

performance. bearing products:

Spindle bearings are the most popular type of super precision |,ch series bearings (MM9300)

ball bearing used within the machine tool industry. These angular

contact bearings are used primarily in precision, high-speed nechin o _ _

tool spindles. Timken manufactures super precision machine to8l Flanged cylindrical cartridge housings (BSBU)

bearings in four metric ISO dimensional series. In addition, becauge Pillow block housings (BSPB)

of specialized variations of bearing design and geometry, Timken |ntegral double-row units (MMN, MMF)

offers a total of seven angular contact bearing types within these

four basic series:
ISO 19 (9300WI/71900, 9300HX/HX71900 series)
ISO 10 (9100WI1/7000, 9100HX/HX7000, 99100WN/WN7000 series)
ISO 02 (200W1/7200 series)
ISO 03 (300WI1/7300 series)

Metric series bearings (MMBS)
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SELECTING THE APPROPRIATE MACHS!NE

eed
TOOL BEARING P - N
PRECISION TAPERED ROLLER BEARINGS The next most common criteria are the speed capability/limitations

of the remaining potential candidates. This can be chatigngince
Angularity (K-factor) the speed rating of a tapered roller bearing is a function of its internal

The angled raceways allow the tapered roller bearing to Carr9eometry, the axial setting under operation conditions, the lubricant

combinations of radial and axial loads. Since load capacities atLésed and meth.od .of'delivery. There is a speed guideline matrix on
intrinsically linked to the bearing stiffness, the selection of the moBf9e 43 that will aid in determining the speed rating and suggested

appropriate tapered roller bearing cup angle can help optimize tHHbricant@elivery meth(.Jd.for yourta.pe.red roller bearing application.
bearing selection for a given application. Included in the appendix is a table listing the G1 and G2 factors that

can be utilized to compare the relative speed capability and heat

The angularity of the bearing is often described by a factor callgghneration between the various tapered roller bearing selections.

“K.” This factor is the ratio of basic dynamic radial load rating (C9B)ease refer to the topics on permissible operating speeds and heat
to basic dynamic axial load rating (Ca90) in a single-row bearir@eneration for further discussion.

For a bearing with a ribbed cone (the most common design), it is a
function of the half-included cup anglg @nd can be found listed
with the geometry factors in the catalog appendix. The smaller t€onstruction

K factor, the steeper the bearing angle. (See Fig. 13). Tapered bearings are uniquely designed to manage both axial and

radial loads on rotating shafts and in housings. The steeper the cup
angle, the greater the ability of the bearing to handle axial loads.
Customized geometries and engineered surfaces can be applied
to these bearings to further enhance performance in demanding
applications.

- \_ Timken has designed a variety of tapered roller bearing types to
speci cally address various machine tool requirements. Each of these

Shallow angle for Steep angle for

. . designs is best suited to a speci ¢ set of application needs. The key
heavy radial load heavy axial load S .
K= Co = 039 features of each type are highlighted below:
Caso  tan (o) TS or TSF Bearing

Fig. 13. Designs to support radial and axial loads in any combination.” Most widely used type of tapered roller bearing
Minimum precision grade Level 3 or C (ISO P5)

Size TSF has a anged outer ring to facilitate axial location

Optimizing stiffness is often a customer’s primary design go4l Available in most bearing series

when choosing a tapered roller bearing. This usually results in ttre Used in rotating shaft applications

determination of a desired spindle diameter. Therefore, meetingra;),a Bearing

given envelope narrows the choices for the tapered roller bearing

. . Axial oil manifold with axial holes through rib
size selection.

Suitable with circulating oil or oil mist lubrication

Centrifugal force distributes oil to critical rib/roller
end contact

Available in most precision grades
Available in most bearing series

Used in rotating shaft applications
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Hydra-Rib Bearing
Designed to maintain optimum spindle system preload
Floating outer ring rib is positioned by a “pressure” system

Rib in contact with the large roller ends instead of the usual
xed inner ring rib

End Play (Preload)

The end play of a tapered roller bearing during installation affects:
Load zone control, impacting bearing life
System rigidity, impacting de ection
Housing and shaft diameter tolerances

Variable preload setting adaptable to manual, tape, or computer

control
Wide speed range with optimum preload setting
Improved spindle accuracy
Improved static and dynamic stiffness
Lower operating temperatures
Heavier cuts with better tool life
Spring-Rib Bearing
Designed to maintain optimum spindle system preload

Floating outer ring rib is positioned by a “spring” system —
pressurizing system not required

Rib in contact with the large roller ends instead of the usual
xed inner ring rib

Improved spindle accuracy
Improved static and dynamic stiffness
Heavier cuts with better tool life
Crossed Roller Bearing
Designed to resist overturning loads
Steep-angled geometry provides wider effective spread
High tilting stiffness
Adjustable design for optimum preload
Compact design reduces space requirement
Reduced application machining costs

End play/preload setting is determined based on desired stiffness,
reduction in heat generation, and optimal rated life. For information
on setting, please see page 93.

Precision Class

Typically, once the most appropriate bearing part nuniber
identi ed for a particular application, the nal parameter is the
desired precision level. Standard class tapered roller bearings
have crowned or enhanced pro les for races and rollers. Timken
precision tapered roller bearings have straight profiles with
running accuracy and performance meeting 1ISO P5, ISO P4,
and ISO P2 levels. The Precision Plus series offers total radial runout
of less than a single micron, exceeding the ISO P2 precision level
and allowing for improved accuracy. The suggested assembly and/
or inspection code (precision class and performance code) can be
applied to the chosen part number to obtain the necessary precision
level.

Other

Consult Timken for suggestions related to appropriate bearing
enhancements that can improve the performance of your application.

Such enhancements might include unique precision levels, conversion
of a TS-style design to a ( anged) TSF or (multi-row TDO, or possibly
ceramic rolling elements for better stiffness and speedability.
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SUPER PRECISION BALL BEARINGS The majority of Timken angular contact super precision ball bearings

. o ) are available with standard high (25 degree) and low (15 degree)

As previously noted, optimizing speed, stiffness, accuracy and load . . .

ity is oft ¢ , . desi L Thi Ilcontact angles, with additional options upon request. Each type has
capacily Is often a cuslomers primary design goal. ThiS USUivp e ent characteristics that are desirable for machimégpindles.

results in the identification of several characteristics that will . . . .
. . . ) . Contact angle is chosen primarily based on the predominant load
determine the nal bearing selection. The following desagiables direction

in uence bearing performance as noted. o .
15 - used when loading is primarily radial;

for very high speed applications
Contact Angle 25 - used when loading is primarily axial

A contact angle is created between the rolling element and raceway 60 - highest axial stiffness;

to support a combination of radial and axial (thrust) loads. Deep- used in ball screw support bearings

groove (Conrad) bearings designed with O-degree contact angle arigh speeds cause centrifugal forces on the ball. A lower contact

best for supporting radial loads or small axial loads in two directionangle handles the centrifugal force more favorably as higher speeds

To support high axial or combination loads, angular contact bearindsad to higher internal radial loads.

are often preferred. For additional support of radial and axial load in

either direction, sets of bearings in opposing directions are utilized. P EZ;/ Lf
|

o @

Fig 16. Examples of common machine tool ball bearing

60

Contact angle

Radi
load
Combined load

Axial or ‘ contact angles.
thrust loa
|:> Spindle rotating speeds are limited by heat generated within th

bearing assembly. As viewed in Fig. 17, a lower contact angle
minimizes heat buildup yielding lower operating temperatures at

Fig 14. Example of ball bearing loading. higher speeds.
120 : ‘
~ 100 ‘ 3MMVC9120HX CR SUL
8 25 degree contact angle
o 80 L
=}
2 w0 et
g_ 40 ),// 2MMVC9120HX CR SUL
15 degree contact angle

: —— 9 9
= 20

0

0 5000 10000 15000 20000 25000 30000
Speed (RPM)

Fig 17. Effect of contact angle on temperature.

Fig 15. Centrifugal forces of a rotating ball bearing.
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Axial de ection curves for two like-series, equal bore-sized bearings  High Contact Angle (25 ) — Less Radial Rigidity

with standard preloads and contact angles are shown below. IS
A comparison of the curves in Fig. 18 shows the 25-degree conta?tj,t
angle bearing to be more rigid axially under axial loads e =~ QO e
15-degree contact angle bearing. Similar comparisons of the radi% /? c
de ection characteristics of the same two types of angular contacty - ,é/
ball bearings can be made from the two graphs shown in Fig. 18. ,//,//
These curves show that decreased radial de ections result Whengiﬁ /'//
bearings having a lower, 15-degree angle are used. ’g /y
= é/
Generally, the force for the equivalent preload level for a 15-degree . .
. Increasing Radial Load
contact angle bearing is about one-half that of the preload level for B Light Preload
a 25r-]glegtreeI con(tjact anglle beatnn?.bPre.load valuels f(l)rtag ;I'lm!<en C Medium Preload
malc ine tool grade angular con. act bearings arg ca.cu ated to give Heavy Preload
optimum performance over a wide range of applications.
High Contact Angle (25- More Axial Rigidity C Low Contact Angle (15 ) — More Radial Rigidity
& S
g 8
a a
s ks T
<>(< ® // C
o A DU:) ,/ P
0 // //;/g 8 ,Aé/
2 / _— —— g //
Increasing Axial Load Increasing Radial Load
A No Preload B Light Preload
B Light Preload C Medium Preload
C Medium Preload D Heavy Preload

D Heavy Preload
Fig. 19. Effect of contact angle on radial de ection.

Low Contact Angle (15 ) — Less Axial Rigidity

S Timken ball screw support bearings are designed with a 60-degree

"§ contact angle. They are used for low-speed operations and offer

@ the highest axial stiffness in the standard super precision ball

&) — A . . . . . .

3 ] bearing machine tool line. As contact angle increases, axial stiffness

i _— — ;; i increases, radial stiffness decreases, and maximum operating speed
—T _— decreases.

£ — ———o

@ //j///

£ : éz/

Increasing Axial Load
A No Preload
B Light Preload
C Medium Preload
D Heavy Preload

Fig. 18. Effect of contact angle on axial de ection.
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Spin To Roll Ratio ceramic bearing's lower friction characteristics, even under marginal

Though ball bearings are classi ed as rolling bearings, there iSIubrlcatlon, result in less ball skidding, !OV\{gr heat generation, higher
always some sliding action between the balls and the raceways iﬁpeeds and greater overall system reliability.
any bearing. No bearing can achieve 100 percent rolling action. THgeramic balls are 60 percent lighter than steel with extremely ne

is because of relative rotation speeds between the points of primargurface nishes equal to or less than 0.5 microinch Ra. This helps to
contact on the inner and outer raceways. This is especially true ifeduce centrifugal forces and allows for a 20 percent higher speed

the case of angular contact ball bearings. An increase in spin iactor than steel balls. Oil-lubricated ceramic hybrid bearings can

induced by excessive preloading, contact angle shift and increaseperate up to three million dN, while grease-lubridateramic

in the operation speed. The measure of the roller spin is given by thgbrids can run up to one million dN.

spin to roll ratio. It describes the amount of spin a ball undergoes dN = bore size (mm) x speed (RPM)

about an axis perpendicular to the bearing axis per unit rotation of the

roller on the raceways. Higher the spin to roll ratio, higher is the hee-{the ceramic material has a modulus of elasticity 50 percent greater

generated in operation and lower is the life expectancy of the bearing.]ar_] steel, increasing bearing _r|g|d|ty. Th!s higher stlff_ness may result
in higher contact stress levels in the bearings. Ceramicgearerally
not appropriate for higher loads and/or low speeds. As seen in Fig.
Contact Angle Shift 20, below 750.000 dN, ceramic balls experience a reduction in overall

. . ) _rated bearing life.
Bearings are generally assembled onto a shaft or into a housing using

interference ts to avoid creep (slippage). This causes a reductior, 1000000
in the bearing internal clearance. Additionally, angular contacg
ball bearings are preloaded in order to eliminate any remaininﬁf 100000\
internal clearances and achieve the desired axial and radial rigiditys 750000 dN
Preloading of a bearing causes de ections in the internal geometrg
and results in a shift in the contact points between the rollers ang 10000

L ey - (@}
the raceways. This in turn causes a shift in the contact angleg
While preloading is recommended to achieve the optimum life artd Steel balls

. . 1000 T T T T T T T T T T

performance of the bearmg, tr_le selecu_on of_ the catalog prelqad 0 5 10 15 20 25 30 35 40 45 5
must be done carefully, taking into consideration the ts, operation

temperature and the operational preload to minimize the contact Spindle (kRPM)
angle shift. Fig. 20.1olife vs. speed comparison of steel and ceramic balls.

2MMVC99110WN CR  0.0010 in. press t
50 mm bore 100 Ibs. spring preload

Ceramic balls

Precision Class

Super high precision MM/MMV (P4S) bearings are manufactured
with running accuracy and performance meeting ABEC 9/ISO P2
while maintaining other features at ABEC 7/ISO P4 levels for cost-
effectiveness.

Ultraprecision MMX (P2) ABEC 9/ISO P2 have closer tolerances on
bore and O.D. Bearings produced to these tolerances are used on
ultra-high-speed grinding spindles designed for tight dimensional
tolerances and super ne surface nishes.

Hybrid Ceramic

Timken has designed an advanced bearing that combines ceramic
rolling elements with premium steel rings and state-of-the-art

bearing technology to achieve maximum speed capability and
greater stiffness. Compared with an all-steel bearing, the hybrid
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Size/Series

Increasing bearing size causes an increase in centrifugal forc
which, as discussed earlier, reduces the speedability of the bearin%
An increase in ISO cross-section series improves the ability of a

bearing to carry higher loads as shown in Fig. 21.

9300 (71900) series: ultra-light loads, high speed

9100 (7000) series: extra-light loads, high speed
200 (7200) series: light loads
300 (7300) series: medium loads

[o2]
o
\

2MM200WI

2MM300WI,

.
-
.
-

N
o

-
-

--="" 2MM9300WI

o

100 125 150 175 200
Bore (mm)

Basic Radial Load Rating (1000 Ibs.)
]
o
N
(6]
3
o

Fig 21. Angular contact ball bearing load ratings.

2MM9100WI

ENGINEERING

Timken has developed an HX bearing design to enhance two key
efsactors contributing to metalworking throughput: spindle speed and
radial stiffness. This design enables spindle heads to remove more
aterial in less time while maintaining superior nished product
tolerances by minimizing tool “wander.” This ef cient combination
translates into faster turnaround of finished product. These
improvements are imparted by subtle changes to ball complements
and internal geometries. The Timken HX Series is dimensionally
interchangeable with the 9300 and 9100 (71900 and 7000) series ball
bearings.

The HX and WN-types also are designed to meet the needs of machine
manufacturers who require optimum lubrication throughéaegings.
These designs incorporate a low shoulder on the non-thrust side of
both the inner and outer rings to facilitate oil ow.

K-type, deep groove (Conrad), 0-degree radial ball bearings are
generally chosen in applications where capacity and stiffness do not
require a duplex set of bearings. Axial load applied to the bearing will
increase the contact angle.

Cage (Retainer or Separator)

A cage’s function is to separate the rolling elements within the
bearing. It first affects bearing performance byliad weight,
which will increase the centrifugal forces and resulting radial load
at high speeds. This limits the ability of the bearing to perform at high

When stiffness is a factor of the design, this usually results in themperatures. Timken's range of cage types includes:

determination of a desired spindle diameter and corresponding

CR/T Phenolic (composition) - standard

bearing bore size. Speedability and load capacity then determine

the series selected.

Construction

RL Molded polymer cage - new
PRC Molded reinforced nylon - former standard
MBR Machined bronze
PRJ High-performance polymer

WI is the standard construction for an angular contact ball bearing. SR Silver-plated machined steel

The Wi-type has full shoulders on both sides of the inner ring argh 1 .ans phenolic composition cage is standard for high-speed
a low shoulder on the outer ring. This simpli es bearing assemb!i’pplications upto 93 C (200 F). For high-heat applications, machined

during manufacturing.

WiI WN/HX K
Fig. 22. Angular contact spindle bearing types.

bronze is often used. However, the increase in weight reduces the
speedability of the bearing assembly.

Seals

Seals are used to exclude contaminants and retain lubricant for
reliable bearing operation and extended service life. The HX bearing
has an optional non-contacting seal, available as single or pair (V,
VV). The WI 9100/7000 and 9300/71900 series have an optional light-
drag contacting seal (P, PP). Ball screw support bearing cartridges
(MMN/MMF) include integral, low-torque contact seals.
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Bearing Set Quantity Sealed Ball Screw Support Bearings

Timken super precision ball bearings are available as single, duplexvaileble in anged (MMF) and non- anged (MMN) series, these

triplex, and quadruplex matched sets: designs simplify installation for both standard and rotating nut
SuU (X, L, M, H) - single bearing/preload level mountings. The anged version eliminates the need for external
DU (X, L, M, H) - duplex pairs/preload level clamping of the outer ring. The standard version is the sealed duplex
TU (X, L, M, H) - triplex set/preload level con guration, but both series may be ordered with seals or shields

QU (X, L, M, H) - quadruplex set/preload level in either a duplex or quad set arrangement.

Each additional bearing increases system rigidity and load-carrying

capabilities. The quantity of bearings in a set is speci ed in the pafj\/ear/Debris-Resistant Material
number as shown. _ ) _ _ )
Advanced bearings can resist debris wear for improved machine

Timken super precision ball bearings are universal ush groundyo| performance and service life. Timken super precision bearings
which allows for DB (back-to-back), DF (face-to-face), or DT (tandefin wearEver technology combine a special high-alloy steel with

mounting of all matched duplex sets. This does not need to & ramic balls to provide superior performance and cutting quality

speci ed during order. for high-speed applications. Extended capabilities help improve
machine ef ciency and utilization while reducing secondary nishing

operations and downtime.

Preload Level This unique, wear/debris-resistant steel was speci cally incorporated

The internal condition of a preloaded ball bearing is similar to thatto the bearing design to withstand damage from hard contaminants,
of one in operation under axial load. This initial axial load serves toprimary cause for shortened bearing life. Studies have shown that
decrease markedly the axial and radial de ections when subsequeriiearings with this advanced material can deliver up to ten times the
operational loads are imposed on the bearing assembly. Preloagandard service life in the presence of hard contamination. This
levels limit change in contact angle at very high speeds, and preverdpresents a signi cant advancement in high-speed machining

ball skidding under very high acceleration and speed. productivity and improved product quality. Consult your Timken

In many cases, the amount of bearing preload is a trade-off betwedRPresentative for availability.
having the desired degree of rigidity and reducing any adverse effect

preloading has on the equipment. If the operating speed is high, a

heavy preload can lead to excessively high operating temperature@ther

which may result in bearing damage. To match general performan@eaﬂngs may be customized to specify lubrication type, special

reqmrgment_s, four clgsses of ball bearing prglqads are used coding, special part marking, etc. Contact your Timken representative
extra-light, light, medium and heavy. To maximize performanc]%r more information

Timken can design specially preloaded super precisiobé&alings.

Bearings come from the factory with a dimensional preload ground 2 MM C 91 04 WI CR DUL A4437
into the bearing ring faces. The preload changes as the raceway (C 70 04 C -T - P4S - DUL) FS637

diameters change. Once the operational preload is determined, it
is important that the correct factory (catalog) preload is selected

because when the bearings are mounted on the shaft with an
interference t, the dimensional setting (or preload) increases. When

the bearings are in operation and there is a temperature differenceig. 24. Examples of non-standard speci cation numbers.
between the inner and outer rings, the dimensional setting (or

preload) again increases.

Factory Mounted Operational

A4437 = Special coding requirement
FS637 = Kluber iso ex NBU 15 Grease

/ \

= —)
a2 ==
Factory Preload Setting Mounted Preload Setting Operational Preload Setting
Greater than factory Greater than mounted

Fig. 23. Preload settings.
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SPINDLE SYSTEM CHARACTERISTICS _ . :
Bare Spindle Stiffness
A machine tool designer’s goal is to build a precise spindle ] ) )
with the least possible vibration and with the optimum heaflg. 25 illustrates the important elements that need to be considered to

generation and dissipation characteristics. This will thendetermlne the bare spindle stiffness:

produce the best surface nish, dimensional accurangd Diameter of the spindle
optimum production rates. Overhung distance from the nose bearing to the load
Due to increasing cutting speeds and forces, machine tool Bearing spread

builders are developing spindle designs to improve dynamic . L . X
stiffness.

Dynamic stiffness depends upon: Fr
Static stiffness d

Damping — e ———————— s ———— —1

Mass A A

From a design standpoint, the bearing selection has little effect
on mass, but static stiffness and damping can be altered by
bearing and application design criteria. The natural frequenqtig_ 25. De ection of the bare spindle on two supports.
of a system can be radically altered by any change in the

static stiffness. On the other hand, damping will determine the

magnitude of displacement of a system in the chatter modd.he maximum value of the spindle de ection at the point of load is:
Tests have shown that the damping varies with the type of

_ mx2(x+L) s Ixd
H H y=0— —— (mm Wlthl—_ mm?
rolling bearing used. g MM 5z (M)
Where:
SP'NDLE SYSTEM STAT'C ST”:FN ESS F = radial load app||ed at Spind|e nose (N)
The static stiffness, or “spring rate,” of a system is de ned as L = bearing spread (mm)
the ratio of the amount of load to the de ection of the spindle X = overhung d!Staﬂce (mm)
. . . . I = moment of inertia (fhm
at the point of load, and is expressed in N/mm (Ibs./in.). . .
y = de ection at point of load (mm)
In conventional spindle designs, the load is usually applied at d = diameter of spindle (mm)
the end of the spindle nose. E = modulus of elasticity (N/Bm
In a spindle system, a few factors contribute to the total static
stiffness: Therefore, the static stiffness of the bare spindle at this point is
Bare spindle stiffness [ 3El /d43E
K: _= =
Bearing stiffness y  X2(x+L) 642(x + L)

Housing stiffness The previous formula shows that the diameter of a shaft is considered to

the fourth power. Thus, any increase in spindle diameter will signi cantly
increase stiffness. From a design standpoint, this means that the selected
bearings should have as large a bore diameter as practical for a given
outside diameter (Fig. 26 on the following page).
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The overhung distance from the nose bearing to the applied loadsBearing Stiffness

generally xed by design constraints (or load cycles). However, th%tiffness is signi cant in precision machining applications. This

stiffness of the bare spindle can be increased by determining the ! . . .
Impacts machine repeatability and running accuracy. Bearing

optlmum spread between the two supportg. For a given Ovle,rhunﬁiffness is determined by movement or microscopic de ection
distance “x ,” the bearing spread has an optimum value for minimu

. , ; , Uhder load within the bearing assembly.
de ection at the cutting point (Fig. 27).

Because of the contribution of bearing stiffness to the global system,
Relative Stiffness it is of prime importance to consider the effect of the selection of the
of Bare Spindle bearing and its geometrical characteristics. A tapered roller bearing
is a line contact bearing with a high number of rolling elements.

200%+ - S T AT T = Compared to other popular bearings in spindle applications, such
_ as angular contact ball bearings (point contact) or cylindrical roller

160%. | | ! X . ; 1 bearings (line contact), the preloaded tapered roller bearing (line
| ! . ! i contact) has a signi cantly higher radial stiffness in the same
125% 1 e L ! given envelope.
100% .
§5 g;o 65 1}00 Il Tapered Roller

Spindle Diameter (mm)

/ Bearing

Cylindrical
Roller Bearing

Angular Contact
Ball Bearing

o P N W b g o N
!
T

Fig. 26. In uence of spindle diameter on its stiffness for different
tapered roller bearings sections within same envelope (85 mm bore
taken as reference).

Spring Rate Ratio

Spindle de ection
at point of load

0 50% 100%
== (relative to tapered roller bearing radial rating)

R Radial Load on the Bearing

: Fig. 28. Radial spring rate comparison between popular machine tool

. AN bearings of a comparable size under zero internal clearance.
Support
spread Comparisons (Fig. 28) show that a tapered roller bearing has as

Optimum spread much as six times more radial stiffness than a comparable size

angular contact ball bearing, and twice as much as a comparable
size cylindrical roller bearing, for a zero clearance condition
Therefore, for most spindle applications only two tapered roller
bearings are required, which can result in a more economical
solution.

Fig. 27. In uence of spread on bare spindle de ection at
point of load.

Housing Stiffness

Experience and basic calculations show that good axial and

radial housing stiffness are required to support the loads that are
transmitted through the bearings. In most machine tool designs,
the housing is normally adequate. However, when light sections or
nonferrous housings are used, the axial and radial housing stiffness
should be veri ed.
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SPINDLE SYSTEM DYNAMIC STIFFNESS Finally, the resulting dynamic stiffness characteristics of a spindle
aystem are directly affected by the bearing setting. The curve plotted
in Fig. 31 shows an optimum setting slightly in the preload region.

This gives the least compliance, or maximum dynamic stiffness, of a

Fig. 29 demonstrates that bearing setting plays a major role in tggigje system since the damping decreases as preload increases.
static stiffness of a spindle-bearing-housing system. As the preloggl previously explained, any preload increase beyond the optimum
is increased, the static stiffness increases. setting will reduce the dynamic spindle characteristics.

Dynamic stiffness is in uenced to a large degree by the dampin
characteristics and the static stiffness of the system.

Relative Radial Static Stiffness Extensive research by Timken has resulted in a better knowledge of
machine tool spindle behavior. It was identi ed that higher accuracy
— 130% and improved surface nish can be achieved at an optimum preload
setting (Fig. 32).
T 120% Relative Compliance
- 110% —/120%
100% — 100%
— 90% 1 so%
Preload End play
| | | | | | 1 6o%
-120  -80  -40 0 40 80 120
Preload End play
Axial Bearing Setting (mm) | | | | | |
\ \ \ \ \ \
Fig. 29. Effect of bearing setting on spindle system static stiffness. -80 -60 -40 -20 0 20 40
A load that would cause very little static de ection can cause very Axial Bearing Setting (mm)

high d ic d ti if the f f the d ic load i
'gh dynamic de ections 1T the frequency o . € dyhamic foa I?:ig. 31. Effect of bearing setting on spindle system dynamic stiffness.
the same as the natural frequency of the spindle. To control the

dynamic stiffness, the damping characteristics of the system are Workpiece Accuracy and

very important. Surface Finish
Damping can be visualized as resistance to vibration. It can be seen Deviation
in Fig. 30 that the damping ratio of a spindle system is higher when — from round
bearings are preloaded. The optimum value is, however, obtained (accuracy)
around the zero clearance condition. itijsn;ace
N
Relative Damping Ratio AN
End play
| | | | | |
\ \ \ \ \ \

-40 -30 -20 -10 0 10 20

Axial Bearing Setting (mm)

Fig. 32. Effect of bearing setting on surface nish and accuracy of the
Preload End play workpieces.

-120  -80 -40 0 40 80 120

Axial Bearing Setting (mm)

Fig. 30. Effect of bearing setting on spindle system damping ratio.
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The uni . o QTHER FACTORS AFFECTING
e unique design of a tapered roller bearing with its line contac
produces a damping characteristic that is not necessarily inhererB EARING SELECTION

to other bearing designs (Fig. 33). This is due to the bending magigne additional controllable factors having a signi cant impact

of the spindle and bearing centerline caused by dynamic de ectiog, pearing performance include mounting ts, internal clearances,

which is resisted inside the bearing through a shearing action of thg yricant type and integrity. For example, when using radial ball
viscous lubricant between the rollers and the cup and cone racespearings, appropriate internal clearance is needed to ensure proper
It is the combination of the tapered roller bearing constructiorpperation.

and proper bearing setting that results in improved damping

characteristics. THERMAL EXPANSION
== Issues such as axial displacement must be addressed where shaft
/\}/' \ length differentials must be tolerated when thermal expansion
[ occurs. For these situations, the rotating component supports include
A a xed (locating) and oating (non-locating) bearing arrangement.

The xed bearing is subject to combination loads and is usually
placed nearest the working end of the shaft to minimize motion and

k ‘ thereby maintain workpiece accuracy. Installation considerations for

the typical xed bearing positions should note the tting suggestions

4 j listed in this catalog. These are compiled from a wealth of experience
Q in a wide range of operating conditions.

Where oating bearings are necessary, the design must allow for
axial displacement of the shaft. This can be accomplished by allowing
the bearing to “slide” laterally along the shaft or housing respectively.
A looser t during the machining of the shaft or housing cavity is
An extension of this insight culminated in the development of @quired. This not only alleviates the axial stresses on this end of
bearing system called the Hydra-Rib. It is, speci cally designed tthe assembly, but will also facilitate bearing and shaft installation.
provide the optimum bearing preload and thus the ultimate dynamic

stability for the spindle system under any operating conditions. MISALIGNMENT

Proper selection of the preload for a given application must not focush he si  th hine | 4 b
only on stiffness and damping characteristics. Also, the Iubricatiow_ en the siefobt Z_mac |n§d!|1_cre:ilsles(,j_so 0 c_oncerns about
method, operating speeds and loads must be reviewed to determiﬁggnment‘ Shaft bending or additional loading can impart moment

the optimum setting/preload to maximize performance. Consult ﬂ]%ads.dthe}t neﬁd .to be C(.JnSIde.ridd.. Bearing s;lec(;uon must. further
appropriate topic in this engineering section for more details. COH.S! erinstallation p.)ract.|c§s me Istant r.n.ac ine i.mg.ﬂnousmg )
cavities. Manufacturing limitations to position housing bores might

encourage the choice of a self-aligning bearing mounting (DF, face-
to-face).

Fig. 33. Damping in a tapered roller bearing.

This can help compensate for machining variations and assist in
managing dynamic forces by featuring a spherical outside diameter
or thrust face.

AN /
N \ ]
\

/
1
Duplex - DF * Duplex
Face-to-Face Direct Mounting

Fig. 34. Self-aligning bearing mountings.
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EFFECTIVE SPREAD need to be considered, and moments are taken about the effective
aﬁenters of the bearings to determine loads or reactions. Fig. 35 shows

When a load is applied to a tapered roller or angular contact b ) ) . o . .
single-row bearings in a direct and indirect mounting con guration.

bearing, the internal forces at each rolling element-to-outer racewa;i_ . . . .
. he choice of whether to use direct or indirect mounting depends
contact act normal to the raceway. These forces have radial and

. . . . upon the application.
axial components. With the exception of the special case of purep PP
axial loads, the inner ring and the shaft will experience momeni#/ith so many factors to consider for the successful operation of any

imposed by the asymmetrical axial components of the forces on tievice incorporating rolling bearings, Timken brings to its customers

rolling elements. more than a century of talent and experience to assist with these
. . . choices. Though the content in this catalog is an excellent start in
It can be demonstrated mathematically that, if the shaft is modele}f ) g_ . . ¢ .
. . . . . the rolling bearing selection process, it should not be considered
as being supported at its effective bearing center rather than at |t:"T1 . . S
. . . . the nal word. Timken bearing expertise is only a phone call away.
geometric bearing center, the bearing moment may be ignored when

calculating radial loads on the bearing. Only externally applied loads

I \ \ 1
I Effective bearing \ \ Effective bearing 1
L spead— — A b spead— A

=
Effective bearing Effective beari
/’ spread ‘\ ‘\ spread /’
r 1 |
Indirect Mounting — Tapered Roller Bearings Direct Mounting — Tapered Roller Bearings
Back-to-Back/DB — Angular Contact Ball Bearings Face-to-Face/DF — Angular Contact Ball Bearings

Fig. 35. Choice of mounting con guration for single-row bearings, showing position of effective load-carrying centers.

24 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



ENGINEERING
APPLIED LOADS AND BEARING ANALYSIS

APPLIED LOADS AND BEARING ANALYSIS

This key is not intended to be comprehensive, but serves as a useful reference for symbols found in this catalog.

SUMMARY OF SYMBOLS USED IN THIS CATALOG

Symbol Description Units| Symbol Description Units
A1 Reliability Life Factor K Tapered Roller Bearing Radial-to-Axial Dynamic
a Material Life Factor Load Rating Factor
ag Operating Condition Life Factor Kr Relative Axial Load Factor (Ball Bearings)
asd Debris Life Factor Lu Lead Axial Advance of a Helix for
ash Hardness Life Factor One Complete Revolution mm, in.
ask Load Zone Life Factor L Distance Between Bearing Geometric
ag| Lubrication Life Factor Center Lines mm, in.
asm Misalignment Life Factor m Gearing Ratio
agp Low Load Life Factor M Bearing Operating Torque or Moment ~ N-m, N-mm, Ibf-in.
e Effective Bearing Spread mm, in. n Bearing Operating Speed or
b Tooth Length mm, in. General Term for Speed rot/min, RPM
C1, @ Linear Distance (positive or negative) mm, in. nG Gear Operating SpeeRRN) rot/min, RPM
C Dynamic Radial Load Rating’ N, Ibf np Pinion Operating SpedsRM rot/min, RPM
G Static Load Rating N, Ibf nw Worm Operating SpeedRM) rot/min, RPM
Goo Single-Row Basic Dynamic Load Rating N, Ibf Ne Number of Teeth in the Gear
(03 Extended Dynamic Capacity N, Ibf Np Number of Teeth in the Pinion
G Speci ¢ Heat of Lubricant J/(kg - C), BTU/(Ib x F) Ns Number of Teeth in the Sprocket
d Bearing Bore Diameter mm, in. Pa Dynamic Equivalent Axial Load N, Ibf
de Distance Between Gear Centers mm, in. Po Static Equivalent Load N, Ibf
dm Mean Bearing Diameter mm, in. Poa Static Equivalent Axial Load N, Ibf
dN Bore in mm « RPM Por Static Equivalent Radial Load N, Ibf
D Bearing Outside Diameter mm, in. Pr Dynamic Equivalent Radial Load N, Ibf
Dm Mean Diameter or Effective Working Q Generated Heat or Heat Dissipation Rate W, BTU/min
Diameter of a Sprocket, Pulley, Wheel or Tire r Radius
Also, Tapered Roller Bearing Mean R Percent Reliability Used in the Calculation
Large Rib Diameter mm, in. of the a Factor
Dmc Mean or Effective Working Diameter of the Gear mm, in. T Torque N-m, Ibf-in.
Dimp Effective Working Diameter of the Pinion mm, in. v Vertical (used as subscript)
Dimw Effective Working Diameter of the Worm mm, in. \% Linear Velocity or Speed km/h, mph
Doc Pitch Diameter of the Gear mm, in. Vr Rubbing, Surface or Tapered Roller
Dop Pitch Diameter of the Pinion mm, in. Bearing Rib Velocity m/s, fpm
Dow Pitch Diameter of the Worm mm, in. aX Dynamic Radial Load Factor
e Life Exponent Y Dynamic Axial Load Factor
f Lubricant Flow Rate L/min, U.S. pt/min Yy, ¥, 3 Axial Load Factors
fB Belt or Chain Pull Factor @ Bevel Gearing — Gear Pitch Angle deg.
F General Term for Force N, Ibf Hypoid Gearing — Gear Root Angle deg.
R Applied Axial Load N, Ibf @ Bevel Gearing — Pinion Pitch Angle deg.
Fae External Axial Load N, Ibf Hypoid Gearing — Pinion Face Angle deg.
RG Axial Force on Gear N, Ibf Half Included Cup Angle deg.
Rap Axial Force on Pinion N, Ibf A B... Bearing Position (used as a subscript) cSt
Faw Axial Force on Worm N, Ibf ° Ef ciency, Decimal Fraction
R Centrifugal Force N, Ibf »ambt Ambient Temperature C, F
R Applied Radial Load N, Ibf », >z, »3 Gear Mesh Angles Relative to the
ko Separating Force on Gear N, Ibf Reference Plane deg.
Fsp Separating Force on Pinion N, Ibf i, »0 Oil Inlet or Outlet Temperature C, F
Rw Separating Force on Worm N, Ibf Y Worm Gear Lead Angle deg.
3] Tangential Force on Gear N, Ibf Coef cient of Friction
Rp Tangential Force on Pinion N, Ibf v Lubricant Kinematic Viscosity cSt
Rw Tangential Force on Worm N, Ibf A Approximate Maximum Contact Stress MPa, psi
Fw Force of Unbalance N, Ibf a Normal Tooth Pressure for the Worm (Gearing) deg.
Fp Axial Force on Pinion N, Ibf as Normal Tooth Pressure Angle for the Gear deg.
H Power kW, HP ap Normal Tooth Pressure Angle for the Pinion deg.
HR Static Load Rating Adjustment Factor for G Helix (Helical) or Spiral Angle for the Gear deg.
Raceway Hardness ) Helix (Helical) or Spiral Angle for the Pinion deg.
k Centrifugal Force Constant Ibf/RPM A Lubricant Density kghb/fe
ky Bearing Torque Constant N-m, Ibf-in. 1,2,..n Conditions (used as subscript)
ks, ks, ks Dimensional Factor to Calculate Heat Generation
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e o e . STRAIGHT BEVEL AND ZEROL GEARING
e following equations are used to determine the forces
developed by machine elements commonly encountered in WITH ZERO DEGREES SPIRAL

bearing applications. In straight bevel and zerol gearing, the gear forces tend to push the

pinion and gear out of mesh, such that the direction of the thrust

and separating forces is always the same regardless of direction
SPUR GEARING of rotation (Fig. 38). In calculating the tangential fokpeofHrg)
TANGENTIAL FORCE for bevel gearing, the pinion or gear mean diametgs ¢D0ng is
(1.9 10) H used instead of the pitch diametepgldr Qyg). The mean diameter
Re = ———— (newtons) is calculated as follows:
Dene
(1.26¢ 1@) H G Dpc bsin @ or Dimp =Dop -bsin @

= —— (pounds-force)

DhanG In straight bevel and zerol gearing:

Rp =kc

SEPARATING FORCE
Fsc= kctanag

Fig. 38. Straight bevel and zerol
gears — thrust and separating
forces are always in same
direction regardless of

direction of rotation.

SINGLE HELICAL GEARING
TANGENTIAL FORCE

(1.9x10)H
ke = —  (newtons)

Dcne
(1.26010) H PINION
= ————— (pounds-force) TANGENTIAL FORCE

Dehe
(1.9x10) H
R = ——  (newtons)
THRUST FORCE Dnprp
s ein i = % (pounds-force)
Dnpp
THRUST FORCE
Fap = kptan apsin @
SEPARATING FORCE
SEPARATING FORCE Fsp= kp tanapcos @
Rctanag
k¢ = ——m——
COS G
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STRAIGHT BEVEL GEAR
TANGENTIAL FORCE

In spiral bevel gearing:

(1.9% 10) H Re = ko
ke = _—_°  (newtons)
Do In hypoid gearing:
1.26c10) H
= ﬁ (pounds-force) Fp = hecos —»
Dnene COS -G
THRUST EORCE Hypoid pinion effective working diameter:
Fac = katan agsin @ Dip= D (& M cos ﬁe)
c N\ cos

SEPARATING FORCE

Fsc= kgtanagcos @ TANGENTIAI_ FORCE

(1.9x10)H
ke = ————  (newtons)
Bielt'e
(1.26¢10) H
= ——— (pounds-force)
Bitelt'e

Hypoid gear effective working diameter:
Dmc= DG~ b sin@

Fig. 39. Straight bevel gearing.

SPIRAL BEVEL AND HYPOID GEARING

In spiral bevel and hypoid gearing, the direction of the thrust
and separating forces depends upon spiral angle, hand of spiral,
direction of rotation, and whether the gear is driving or driven (segig. 40 Spiral bevel and hypoid gears —

table 4). The hand of the spiral is determined by noting whether the direction of thrust and separating forces depends upon spiral
tooth curvature on the near face of the gear (Fig. 40) inclines to tABgle, hand of spiral, direction of rotation, and whether the gear is
left or right from the shaft axis. Direction of rotation is determined apvmg or driven.
viewing toward the gear or pinion apex.

Fig. 41. Spiral bevel and hypoid gearing.
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TABLE 3.
SPIRAL BEVEL AND HYPOID BEARING EQUATIONS
Driving Member Rotation Thrust Force Separating Force
F F Driving member F F Driving member
Right hand spiral P= tP : . p= tP . .
%Iockwisep "7 cosyp (tanpsin Yp—sin yp cos Yp) ¥ cosyp (tandpcos Yp—sin ypsin Yp)
or
C';Jﬂl?gg:f\x?;e . : Driven member . . Driven member
aG = Costf:‘VG (tan ¢ sin Y's + sin g cos Yg) s6 = COStQVG (tan ¢g cos Y — sin ye sin Yg)
; . Driving member Driving member
Right hand spiral Fap= F . . Fp= F . .
counterclockwise aP COStP\VP (tan op sin Yp + sin yp cos Yp) sP COStP\VP (tan ¢p cos Y'p + sin yp sin Yp)
or
Left hand spiral . ..
clockwise Fo= Fa Driven member Fog = FtGDnvmg member _ _
cosyg (tan ¢ sin Yg—sin ye cos Yg) cosyg (tan e cos Y +sin ye sin Y')

STRAIGHT WORM GEARING

WORM
Tangential force
(1.9% 10) H
hw = ——
Dpw nw
. (1.26¢16) H
Dow nw

Thrust force
(1.9 10) H°
D ne
(1.26¢16) H°
Dcne
or
hw °

tans,

Separating force

Rwsin
Fw = wsn g

cosqsin ¥,

(newtons)

(pounds-force)

(newtons)

(pounds-force)

COS 3,

Fig. 42. Straight worm gearing.
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TANGENTIAL FORCE
(1.9x 10)H°
Rc = ——— (newtons)
D ne
(1.26¢10) H°
= ———— (pounds-force)
D ne
or
Re = Fow ®
tan,

THRUST FORCE

(1.9x10)H
Rc = —— (newtons)
Dw nw

(1.26¢ 16) H

= [};— (pounds-force)
W Nw

SEPARATING FORCE
Rwsin @

ke =
cos?siny COS3y

Where:
Y= tanl DPG ,

m Rw
or
¥~ tan! ( L ,

/| Dow
and

o cos? — tansy,

cos? + coty,

METRIC SYSTEM

0.146
@ =(5.34107) 43 + -0.103
.09
W Nw
Vi = Dp— (meters per second)

(1.9% 10 cos

INCH SYSTEM
(1) = (%1014 43 + 0 235- 0.103
VP09
n
Vr = M (feet per minute)
3.82 cos,

(Wapproximate coef cient of friction for the 0.015 to 15 m/s (3 to 3000 ft/min) rubbing

velocity range.

ENGINEERING
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DOUBLE ENVELOPING WORM GEARING

WORM
TANGENTIAL FORCE
_ (1.9x10)H
Rw = m (newtons)
(1.26¢10) H

= ———  (pounds-force)

Dnw nw

Use this value foriEfor bearing loading
THRUST FOR Catculations on worm gear shaft. For torque

calculations, use the following:&equations.
Faw = 0.98&

SEPARATING FORCE

a
Rw 0.98 fstan
COS 3,
WORM GEAR
TANGENTIAL FORCE
(1.91x 10) H m° Use this value for
G = ——— (newtons) calculating torque in
Db nw subsequent gears and
(1.26 1@) H mo shafts. For bearing
= —— " (poundsforce) loading calculations,
Dcnw use the equation for
or Faw.
(1.9x 10) H°
ke = —— (newtons)
Belqe
(1.26¢10) H°
= _— (pounds-force)
Dcne
THRUST FORCE
(1.9x10)H
Re = _ (newtons)
Dnw nw
(1.26¢16) H
= R — (pounds-force)
Dnw nw

SEPARATING FORCE

0.98 &&tan 2
ke = L
COS ¥
Where:
° = ef ciency (refer to manufacturer’s catalog)

Dmw = 26-0.98 o

Lead angle at center of worm:

¥~ tan! ( Dbe ’:tanl( L )
m Rw m Dow
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BELT AND CHAIN DRIVE FACTORS  SHAFT ON TWO SUPPORTS

Due to the variations of belt tightness as set by various Simple beam equations are used to translate the externally applied
operators, an exact equation relating total belt pull to tension forces on a shaft into bearing reactions acting at the bearing effective
F1 on the tight side and tensiondn the slack side (Fig. 43) is centers.

dif cult to establish. The following equation and Table 5 may
be used to estimate the total pull from various types of belt
and pulley, and chain and sprocket designs:

With two-row tapered roller and angular contact ball bearings, the
geometric center of the bearing is considered to be the support
point except where the thrust force is large enough to unload one

b = (1.91x107)/8 (newtons) row. Then the effective center of the loaded row is used as the point
N from which bearing load reactions are calculated. These approaches
(1.2616) Hf approximate the load distribution within a two-row bearing, assuming
=—————"—— (pounds-force) rigid shaft and housing. These are statically indeterminate problems

Bnn in which shaft and support rigidity can signi cantly in uence bearing

Standard roller chain sprocket mean diameter. loading and require the use of computer programs to solve.

P
Dm = B S
sin( 1_80) SHAFT ON THREE OR MORE SUPPORTS
Ns
The equations of static equilibrium are insuf cient to solve bearing
Where: reactions on a shaft having more than two supports. Such cases
= _ chain pitch can_be solved using computer programs if adequate information is
available.

In such problems, the de ections of the shaft, bearings and housings
affect the distribution of loads. Any variance in these parameters can
nsion, slack side signi cantly affect bearing reactions.

Bearing radial loads are determined by:

Resolving forces applied to the shaft into horizontal and vertical
components, relative to a convenient reference plane.

Taking moments about the opposite support.

Combining the horizontal and vertical reactions at each support
into one resultant load.

F=

Tension, tight Side

Shown (on the next page) are equations for the case of a shaft on
two supports with gear forces ffangential), H(separating), ancyF
(thrust), an external radial load F, and an external moment M. The
loads are applied at arbitrary angles (1, 2, anldjive to the
TABLE 4. - A . .
BELT OR CHAIN PULL FACTOR reference plane indicated in Fig. 44 on the following page. Using the

BASED ON 180 DEGREES ANGLE OF WRAP principle of superposition, the equations for vertical and horizontal
‘ reactions (kv and k) can be expanded to include any number of

Fig. 43. Belt or chain drive.

Type ' gears, external forces or moments. Use signs as determined from
Chains, single 1.00 gear force equation.
Care should be used when doing this to ensure proper supporting

degrees of freedom are used. That is, tapered roller bearings and
1.50 ball bearings support radial loads, moment loads and axial loads in

Chains, double ‘ 1.25
both directions.

“V" belts
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BEARING REACTIONS
CENTRIFUGAL FORCE

TABLE 5.
CALCULATION EQUATIONS Centrifugal force resulting from imbalance in a rotating member:
Fw r ré
Symbols Used E = — — (newtons)
8.94 x PO
ae E ective bearing spread mm, in.
Fw r ré
A B, ... Bearing position, used as subscripts = —— (pounds-force)
3.52x ¥0
GG@g.. Linear distance (positive or negative) mm, in.
DpG Pitch diameter of the gear mm, in. SHOCK LOADS
F Applied force N, Ibf

It is dif cult to determine the exact effect that shock loading has on
F Radial bearing load N, Ibf  bearing life. The magnitude of the shock load depends on the masses
of the colliding bodies, their velocities, and deformations at impact.

h Horizontal (used as subscript)
M Moment N-mm, lof-in.  The effect on the bearing depends on how mucheftwock is

) . absorbed between the point of impact and the bearings, as well as
v Vertical (used as subscript)

whether the shock load is great enough to cause bearing damage. It
Gear mesh angle relative to plane

1 of reference de ned in the gure below deg, rad also is dependent on frequency and duration of shock loads.
2 Angle of applied force relative to plane ;00 g At a minimum, a suddenly applied load is equivalent to twice its
of reference de ned in the gure belo ’ . . . .
. i static value. It may be considerably more than this, depending on
3 Angle of applied moment relative to plane deq. rad . i
of reference de ned in the gure belo 9 the velocity of impact.

Shock involves a number of variables that generally are not known or

- C1—>|
C2

Fc easily determined. Therefore, it is good practice to rely on experience.
N * The Timken Company has years of experience with many types of
o Fio—=@ Fo . equipment under the most severe loading conditions. Your Timken
) ] representative should be consulted on any application involving
Bearing A l N\ Bearing B . . .
My unusual loading or service requirements.
@FrAh l @ Fth
Ry T Fey

ae !

Fig. 44. Bearing radial reactions.

Vertical reaction component at bearing position B:

Fay -1 Lcl (Recos » + kg sin »)+ ! &qae- b sin %) kecos »+F cos»+ M cos»g)
e

Horizontal reaction component at bearing position B:
. 1 . . . .
Fen =1 Lcl (RGsin » - kg cos ») + &D‘)G' b sinfk) Rasin » +¢ F sins» + M sin»z )
e
Vertical reaction component at bearing position A:
Fay, = Bgcos » + kg sin » + F cos» - ke,

Horizontal reaction component at bearing position A:
Fan = Basin » - kg cos » + F sinx - key,

Resultant radial reaction: raf= [(Fa)2+ (Ran2]"? e = [(Rey?2 + (Fen)2]"?

Resultant axial reaction: aA= kc(xed position) Fg=  oat position)
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LOAD RATINGS

When the loading is static, it is usually suggested that the applied

The basic dynamic load rating and the static load rating are commondad be no greater than the basic static load rating divided by the
used for bearing selection. The basic dynamic load rating is usegppropriate hardness factor (HFs) as shown in Table 6.

t timate life of a rotatin ring. Static | ratin r . . . . . .
0 estimate life of a rotating bearing. Static load ratings are used E)or more information on selecting a bearing for static load conditions,

determine the maximum permissible load that can be applied to a

non-rotating bearing.

The basic philosophy of The Timken Company is to provide t

consult your Timken representative.

TATIC RADIAL AND/OR AXIAL

most realistic bearing rating to assist our customers in the bearin

selection process. Published ratings for Timken bearings include t

QUIVALENT LOADS

basic dynamic radial load ratings, C1, for tapered roller bearings, améle static equivalent radial and/or axial loading is dependent on the
Ce for ball bearings. These values are based on a basic rating lifesefaring type selected. For bearings designed to accommodate only
one million revolutions. Timken tapered roller bearings also includadial or axial loading, the static equivalent load is equivalent to the
the basic dynamic load rating C90, which is based on a basic rating lgplied load.

of ninety million revolutions. The basic static radial load rating is CIQOr all bearings, the maximum contact stress can be approximated

STATIC LOAD RATING

The basic static radial load ratings for Timken bearings are based on
a maximum contact stress within a non-rotating bearing of 4000 MP&”°

using the static equivalent load and the static rating.

For roller bearings: For ball bearings:

12 1/3
=4000x Po_|" ma o0=4200x [Po_|" mpa
Co Co

(580 ksi) for roller bearings and 4200 MPa (609 ksi) for ball bearings,
at the center of contact on the most heavily loaded rolling element. o, - 580 x (Po_,m ksi 00 =609 x (PL )”3 ksi
Co

The 4000 MPa (580 ksi) or 4200 MPa (609 ksi) stress levels may cause
visible light Brinell marks on the bearing raceways. This degree of ]
marking will not have a measurable effect on fatigue life when th&adial ball bearings

bearing is subsequently rotating under a lower-application load. #he dynamic equivalent radial load is used for comparison with the
sound, vibration or torque are critical, or if a pronounced shock loagtatic load rating.

is present, a lower load limit should be applied.

Co

Por = 1/2€

HARDNESS FACTORS TO MODIFY BASIC STATIC LOAD RATINBrust ball bearings

TABLE 6.
Raceway Hardness
Hardness HRC Factor HFs
58 1.00
57 1.06
56 1.13
55 1.21
54 1.29
53 1.37
52 1.46
51 1.55
50 1.65
49 1.76
48 1.88
47 2.00
46 2.13
45 2.27
44 2.41
43 2.57
42 2.74
41 2.92
40 3.10

Similar to radial ball bearings, thrust ball bearings use the same
equation for equivalent static and dynamic loading.

Poa = XF+ Yk
The X and Y factors are listed later in this section along with the

minimum required axial load-to-radial load ratio for maintaining
proper operation.

Tapered roller bearings

To determine the static equivalent radial load for a single-row
mounting, rst determine the axial load)(Fhen use the following
equations, depending on the appropriate axial load condition.
Where: F= applied radial load

R = net bearing axial loach4and ks
calculated from equations
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TABLE 7.
STATIC EQUIVALENT LOAD EQUATIONS, SINGLE-ROW TAPERED ROLLER BEARING
Design Thrust Condition Axial Load Stggdiﬁlﬂgg:f nt
- - Pos = Fs
Bearing A Bearin Faan- 0.47Fg +F
047Fa  047Fs Ke forFon <06Fa/a
< + Fae POA =16 FrA -1.269 KA FaA
Ka Ks Fag- 0.47 Fg
N K— for Faa < 0.6 Fra/ Ka
b R } B Poa = 0.5 Fra +0.564 Ka Fan
Fa Fs
---{- Bearing ABearing B E 04T for Fag < 0.6 Frg / Kg
ﬁ & - - ah= T”* Pos = 05 Frg + 0564 Kp Fap
- s = ” % 4 Fae - 47‘; for Fa < 0.6 Frg /Ke
R A B - 047Fm Pos = 1.6 Fr - 1.269Ks Fa
Fa Fe Ka Poa = Fra

Design (external axial loadeF
onto bearing A)

Use the values of PO calculated for comparison with the static rating (CO), evenif POis tg determine which axial load and dynamic equivalent radial load
less than the radial applied Fr. . . . . .
calculations apply. For ball bearings, the dynamic equivalent radial

Static Equivalent Radial Load (Two-Row Bearings) load can be found in the table below.
. . . . TABLE 8.
The .bearlng data tables o!o not. mclqde static ratlr?g for two-row DYNAMIC EQUIVALENT LOAD EQUATIONS
bearings. The two-row static radial rating can be estimated as: : :
Bearing Contac Single-Row Double-Row
Ge) = 2¢ Description Angle and Tandem and Preload
(ref.) Mountings Pair Mountings
Where:
. . a F -
G) = two-row static radial rating Bearing type and or series "E (¢ of bearings) xc ¥ =
G = static radial load rating of a single-row bearing Radial type ball bearings — use larger of resultingvéue®)
type TS, from the same series.
MM9300K - P - e 126%
Dynamic Equivalent Radial Bearing Load$ (P mmgégﬁK 0° or o

e . R=0.56F Y R=0.78Mf:1 625y
To calculate the L10 life, it is necessary to calculate a dynami#M300K - %

equivalent radial load, designated byTPe dynamic equivalent radial
load is de ned as a single radial load that, if applied to the bearin_,
will result in the same life as the combined loading under which themmvazoow! 2MMv9300H

Angular contact ball bearings — use larger of resultingv&ue

bearing operatesl 2MM9300WI  2MV9300WI
2MMV9100WI 2MMV9100H B _
P = XF+YE 2MM99100WI 2MM9100W! RoF R=F LI
2MV9100WI  2MV200WI 15° R 0.44FWR R= 0.72F 1.625%
Where: 2MMV200WI  2MMV300WI ’ ) :
2MM200WI  2MM300W!
P = dynamic equivalent radial load 2MV300WI
F = applied radial load A-F A= Fr 1126y
F. = applied axial load 2MM9100WO 15° or or
- R=0.44F ¥ R=0.72F 1.625%
X = radial load factor
Y = axial load factor 3MMV9300WI 3MMV9300HX

_ _ 3MM9300WI  3MV9300WI
Tapered roller bearings use the equations based on the number afumvo100wi 3MMV9100H

X

N . o R=F R=F+0.92F
rows and type of mounting utilized. For single-row bearings in dlrec;t’,\‘mg;‘zg‘é"v'w SMVOLOOWI | or or
or indirect mounting, the gure on page 31 can be used based on thgu2o0owi 3MV200Wi R=041F0.8¢F | R=0.6/F141F

direction of the externally applied axial load. Once the appropriatéMM200w!  3MM300W!
design is chosen, review the table and check the thrust conditior™V300W! - 3MV300WI

M)f B> G or R > 1/2 Ce consult with your Timken representative on Life Calculations.
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TABLE 9.
THE REQUIRED Y FACTORS FOR BALL BEARINGS

Kt Y1 Y2
0.015 2.30 1.47
0.020 2.22 1.44
0.025 2.10 141
0.030 2.00 1.39
0.040 1.86 1.35
0.050 1.76 1.32
0.060 1.68 1.29
0.080 1.57 1.25
0.100 1.48 1.21
0.120 1.42 1.19
0.150 1.34 1.14
0.200 1.25 1.09
0.250 1.18 1.05
0.300 1.13 1.02
0.400 1.05 1.00
0.500 1.00 1.00
0.600 — —
0.800 — —
1.000 — —
1.200 — —

Dynamic Equivalent Axial Bearing Loads)(P

Y3
1.60
1.59
1.57
1.56
1.55
1.53
1.51
1.49
1.47
1.45
1.42
1.39
1.35
1.33
1.29
1.25
1.22
1.17
1.13
1.10

BEARING EQUIVALENT LOADS AND REQUIRED
RATINGS FOR TAPERED ROLLER BEARINGS

Tapered roller bearings are ideally suited to carry all types of loads —
radial, axial, and any combination of both. Due to the tapered design
of the bearing, a radial load will induce an axial reaction within the
bearing that must be opposed by an equal or greater axial load to keep
the bearing cone and cup from separating. The ratio of the radial to
the axial load and the bearing included cup angle determine the load
zone in a given bearing. The number of rollers in contact as a result
of this ratio determines the load zone in the bearing. If all the rollers
are in contact, the load zone is referred to as being 360 degrees.

When only radial load is applied to a tapered roller bearing, for
convenience it is assumed in using the traditional calculation method
that half the rollers support the load — the load zone is 180 degrees.
In this case, induced bearing axial load is:

0.47
Faiiso) = ——
K

The equations for determining bearing axial reactions and equivalent
radial loads in a system of two single-row bearings are based on the
assumption of a 180-degree load zone in one of the bearings and 180
degrees or more in the opposite bearing.

Dynamic Equivalent Radial Load

For thrust ball and thrust tapered roller bearings, the existencdhe basic dynamic radial load ratings & assumed to be the radial
of radial loads introduces complex load calculations that must béoad-carrying capacity with a 180-degree load zone in the bearing.
carefully considered. If radial load is zero, the dynamic equivalenf/hen the axial load on a bearing exceeds the induced thgust) &

axial load (B) will be equal to the applied axial load).(F any

dynamic equivalent radial load must be used to calculate bearing life.

radial load is expected in the application, consult your TimkeRhe gynamic equivalent radial load is that radial load which, if applied

representative for advice on bearing selection.

to a bearing, will give the same life as the bearing will attain under

For thrust angular contact ball bearings, the dynamic equivalent axiéte actual loading.

load is determined by:

Pa=XFk+YR

When: ::::1 <2.17 X=190 Y=0.54

When: ::::1 >2.17 X=092 Y=1.00

If: Ra <2.17 then bearings with a contact angle
R < 60 should be considered.

The equations presented give close approximations of the dynamic
equivalent radial load assuming a 180-degree load zone in one
bearing and 180 degrees or more in the opposite bearing.

Tapered roller bearings use the equations based on the number of
rows and type of mounting utilized. For single-row bearings in direct
or indirect mounting, the following table can be used based on the
direction of the externally applied axial load. Once the appropriate
design is chosen, review the table and check the thrust condition

to determine which axial load and dynamic equivalent radial load

calculations apply.

34 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



ENGINEERING

APPLIED LOADS AND BEARING ANALYSIS

ALTERNATE APPROACH FOR DETERMINING
DYNAMIC EQUIVALENT RADIAL LOADS

The following is a general approach to determining the dynamit In case of external axial load applied to the shaft (typical

equivalent radial loads. Here, a factor “m” has to be de ned as +1 rotating cone application)ad1o the right is positive; to the left

for direct-mounted single-row or two-row bearings, or -1 for indirect 'S N€gative.

mounted bearings. Also, a sign convention is necessary for the When external axial load is applied to the housing (typical

external axial loadak as follows: rotating cup application)aéto the right is negative; to the left
is positive.

TABLE 10.
DYNAMIC EQUIVALENT RADIAL LOAD EQUATIONS, SINGLE-ROW TAPERED ROLLER BEARING MOUNTING

Design Thrust Condition Axial Load Dyn;;ndlicallilt_qg;jalent
Indirect Mounting (m = -1)
Bearing A Bearing B Faan= 0.47xFis - m Fae
047xFa  047xFs K Pa=04R + & Ra
F ] = -m Fae
=R Ka Ks Fag= 0.47 x FB
Fn Fo Ke Pe = fre
Direct Mounting (m = +1)
Bearing B F A= 0.47 x F A
’ - Pa= kA
047 xFa 047 xFB Ka
> -m Fae
K K Fag- 0.47xF
A B a8 xrA+mFae RBR-04k + K kB
? Ka
Fr/-\ FrB
If PA<ka, use R=Faorif B<Fkg, use B=kg.
TABLE 11.

DYNAMIC EQUIVALENT RADIAL LOAD EQUATIONS, TWO-ROW TAPERED ROLLER BEARING MOUNTING
— FIXED BEARING WITH EXTERNAL AXIAL LBMIEAR OR DISSIMILAR SERIES)

. - Dynamic Equivalent
Design Thrust Condition Radial Load
Fap
Ka
Bearin Bearing B PA = (FrAB -167 m KB Fae)
0.6 x Frag Ka +Ks
| ae < i K
Pe= ——2  (Frag+1.67 mKa Fac)
N +hae i Ka +Kg
Fixed Bearing
Indirect Mounting (m = -1)
Fas
Bearin Bearing B 0.6 x FraB Pa = 04Fag-m Ka Fae
% Fae >
K(” PB = 04 FrAB +m KB Fae
! R e r
| ae |
Fixed Bearing
Direct Mounting (m = +1)

f "m ke" is positive, K =aKIf "m k" is negative, K K

Fag is the radial load on the two-row assembly. The single-row basic dynamic radial load ggiimgp Ge
applied when calculating life based on the above equations.
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BEARING LIFE AND SYSTEM LIFE

Many different performance criteria exist that dictate how aTapered roller bearings often use a dynamic load rating based on
bearing should be selected. These include bearing fatigue lifélinety million cycles, as opposed to one million cycles, changing
rotational precision, power requirements, temperature limitsthe equations as follows.

speed capabilities, sound, etc. This publication deals primarily with Lio= %)10’3)( (90x19) revolutions
bearing life as related to material-associated fatigue. Bearing life is Pr

de ned here as the length of time, or number of revolutions, untila  or,

fatigue spall of 6.0 n#rt0.01 i) develops. Since metal fatigue is a Lio= (13970)10’3)(( 90x16 hours
statistical phenomenon, the life of an individual bearing is impossible Pr 60n

to predetermine precisely. Bearings that may appear to be identical and

can exhibit considerable life scatter when tested under identical

conditions. Thus it is necessary to base life predictions on a statistical Lio= (Cigo) 10/3)( (90x16) revolutions
evaluation of a large number of bearings operating under similar Pa

conditions. The Weibull distribution function is commonly used to ~ OF;

predict the life of a population of bearings at any given reliability level. Lio= Cﬁﬂ) 10/3)(( 90x1@ hours

Pa 60n

As the rst set of equations for radial bearings with dynamic ratings
RATING LIFE based on one million revolutions is the most common form of the

Rating life, (), is the life that 90 percent of a group of apparenﬂ)gquatic_)ns, th_is will be used th_rough the res_t of tr_lis section. The
identical bearings will complete or exceed before a fatigue spaﬁilynamlc equivalent load equations and the life adjustment factors

develops. Theklife also is associated with 90 percent reliability are applicable to all forms of the life equation.
for a single bearing under a certain load. With increased emphasis on the relationship between the reference
conditions and the actual environment in which the bearing operates
in the machine, the traditional life equations have been expanded to
include certain additional variables that affect bearing performance.
BEARING LIFE EQUATI ONS The approach whereby these factors, including a factor for useful life,
Traditionally, theiklife has been calculated as follows for bearings are considered in the bearing analysis and selection has been termed
under radial or combined loading where the dynamic equivalerBearing Systems Analysis (BSA).

radial load, (i, has been determined: The ISO/ABMA adjusted bearing life equation is:

e -
Lio= (g) X (1x16) revolutions Lna = 83,8410
= Where:
or, a, = reliability life factor
Lo= (C € [1x16 o a, = material life factor
10= P X 60N ours a; = operating condition life factor
.
to be speci ed by the manufacturer
For thrust bearings, the above equations change to the ( P y )
following The Timken adjusted bearing life equation is:
’ e
G \© _ lha = 88,83 A1 @3R3 fsp (i) (1x16) revolutions
Lio= (? ) X (1x16) revolutions P
a
or, Where:
Lio= G \© « 1x160 hour a, =reliability life factor a5, = misalignment life factor
10~ Pa 60n ours a, =material life factor a5, = low load life factor
3 for ball beari ayy = deburis life factor C = dynamic radial load rating
e = 3for ball bearings

dynamic equivalent

=193 for roller bearings

ay, = hardness life factor Py
ay, = load zone life factor
ay = lubrication life factor e
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RELIABILITY LIFE FACTOR (a DEBRIS LIFE FACTQR (a
The equation for the life adjustment factor for reliability is: Debris within a lubrication system reduces the tifea rolling
bearing by creating indentations on the contacting surfaces, leading
100\2/3 to stress risers. The Timken life rating equations were developed
a= 4'26( InR: ) +0.05 based on test data obtained with 0.040 mm (0.00157 in.) oil Itration
and measured I1SO cleanness levels of approximately 15/12, which
In = natural logarithm (base €) is typical of cleanness levels found in normal industrial machinery.

To adjust the calculateddlife for reliability, multiply by thefactor.  When more or less debris is present within the system, the fatigue life
If 90 (90 percent reliability) is substituted for R in the above equatipredictions can be adjusted according to the measured or expected
a1 = 1. For R =99 (99 percent reliability) 0a25. The following table 1SO lubricant cleanness level to more accurately re ect the expected

lists the reliability factor for commonly used reliability values. bearing performance.
TABLE 12. As opposed to determining the debris life factor based on lItration
RELIABILITY FACTORS and 1SO cleanness levels, a Debris Signature Analysis™ can be
R (percent) . a performed for more accurate bearing performance predictions. The
Debris Signature Analysis is a process for determining the effects of
90 Lo 1.00 the actual debris present in your system on the bearing performance.
95 4 0.64 The typical way in which this occurs is through measurements of
96 + 0.55 dented/bruised surfaces on actual bearings run in a given application.
97 4 0.47 This type of analysis can be bene cial because different types of
%8 t 0.37 debris cause differing levels of performance, even when they are of
% L 0.25 the same size and amount in the lubricant. Soft, ductile particles can
995 ols 0.175 cause less performance degradation than hard, brittle particles. Hard,
999 ok 0.093 ductile particles are typically most detrimental to bearing life. Brittle

particles can break down, thus not affecting performance to as large
a degree as hard ductile particles. For more information on Debris

Note that the equation for reliability adjustment assumes there isignature Analysis or the availability of Debris Resistant bearings for
short minimum life below which the probability of bearing damageY§ur application, consult your Timken representative.

minimal (e.g., zero probability of bearing damage producing a short

life). Extensive bearing fatigue life testing has shown the minimum -

) . o : . - ISOMETRIC VIEW

life, below which the probability of bearing damage is negligible, to be

larger than shown above. For a more accurate prediction of bearing

lives at high levels of reliability, consult your Timken representative. ¢ >
600 e 800

MATERIAL LIFE FACTOR (a

The life adjustment factor for bearing materiglfta standard Timken
bearings manufactured from bearing-quality steel is 1.0. Bearings also
are manufactured from premium steels, containing fewer and smaller soture  © araw SeaiNg  =2-10% Bearing - M Pits & Valleys
inclusion impurities than standard steels and providing the bene t of

extending bearing fatigue life (e.g., DuraSpexx™). Application of gy 45 Surface map of a bearing raceway with debris denting.
material life factor requires that fatigue life is limited by nonmetallic

inclusions, that contact stresses are approximately less than 2400

MPa (350 ksi), and adequate lubrication is provided. It is important

to note that improvements in material cannot offset poor lubrication

in an operating bearing system. Consult your Timken representative

for applicability of the material factor.

m
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HARDNESS LIFE FACTGHR (a LUBRICATION LIFE FACT@R (a
For Timken bearings in this catalog, supplied as a full assembly, tiie in uence of lubrication Im due to elastohydrodynamic (EHL)
hardness life factor will be orb. lubrication on bearing performance is related to the reduction or

prevention of asperity (metal-metal) contact between the bearing
LOAD ZONE LIFE FAREG)) surfaces. Extehsive testing was done gt the Timken Technology
Center to quantify the effects of the lubrication-related parameters
The fatigue life of a bearing is a function of the stresses in rollingn bearing life. It was found that the rolling element and raceway
elements and raceways and the number of stress cycles that thgurface nish, relative to lubricant Im thickness, has the most notable
loaded bearing surfaces experience in one bearing revolution. Theffect on improving bearing performance. Factors such as bearing

stresses depend on applied load and on how many rolling elemeng@ometry, material, loads and load zones also play an important role
support that load. The number of stress cycles depends on bearing bearing performance.

geometry and, again, on how many rolling elements support the lo
Therefore, life for a given external load is related to the loaded arc
load zone of the bearing.

aﬂﬁe following equation provides a method to calculate the lubrication
?actor for a more accurate prediction of the in uence of lubrication on
tapered roller bearing lifeidg. For more information on calculating

The load zone in a bearing is dominated by the internal clearancgjs factor for ball bearings, consult your Timken representative.
either radial or axial depending on the bearing type. Without

considering preload, less clearance in a bearing results in a larger g = GXGXGXGXGXGy
load zone and subsequently longer bearing life. Where:

= geometry factor

= load factor

= load zone factor

speed factor

= viscosity factor

grease lubrication factor

HOHOO0H
1

r

The & maximum is 2.88 for all bearings. Then@inimum is
0.200 for case-hardened bearings and 0.126 for through-hardened
bearings.

Fig. 46. Bearing load zones and rolling element-raceway contact
| ing. . L . . . L
oading A lubricant contamination factor is not included in the lubrication

] _ ) _ ~ factor because Timken endurance tests are typically run with a
Using the dynamic gquwalent load) (Rstead _Of the applied radial g o409 mm (0.00157 in.) lter to provide a realistic level of lubricant
load () in the equation forgaroughly approximates the load zone cleanness for most applications

factor for combined loading only. If a more accurate assessment of
the load zone adjusted life is necessary (e.g., including the effects
of internal clearance or fitting practice), consult your Timkenc€0metry Factor ¢

representative. Gy is given for most tapered roller bearing part numbers in the
appendix. The geometry factor also includes the material effects
and load zone considerations. It should be noted that the primary
effect of the load zone is on rolling element load distributions and
contact stresses within the bearing, which are not quanti ed within
the lubrication factor. Refer to the previous section, Load Zone Life
Factor (gx, for more information.
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LOAD FACTOR)(C SPEED FACTOR)(C

The Cfactor is obtained from the following gure. Note that the factorGs is determined from the following gure, where rev/imin (RPM)
is different based on the type of bearing utilizets fhe equivalent is the rotational speed of the inner ring relative to the outer ring.
load applied to the bearing in Newtons and is determined in the
Equivalent Bearing Loads)Bection.

1000

= Ball Bearings
Tapered Roller Bearings

10

— Ball Bearings
Tapered Roller Bearings

09
100
08
0,7

0,6

05

C

10

0,4

03

0,2

0,1 1 10 100 1000 10000

00 Rotational Speed (RPM)

1 10 100 1000 10000 100000 1000000 10000000

P, (Newtons) Fig. 49. Speed factorsf@s. rotational speed.

Fig. 47. Load facton)@s. equivalent bearing load/JP

LOAD ZONE FACTOR (C

VISCOSITY FACTO® (C
;AS dmentlofned prew:{;;sly, for all r;on-”tapsred. roIIerhbelarl(;\gs th‘Iﬂ'he lubricant kinematic viscosity (centistokes [cSt)]) is taken at the
oad zone factor is orié. For tapered roller bearings, the loa Zoneoperating temperature of the bearing. The operating viscosity can be

factr?r can pe taken from the graph based on the axial load aIOIDIIee%timated by Fig. 50. The viscosity factgrd@ then be determined
to that bearing. from Fig. 51 on the following page.

10000
1 \ ﬁ
(&)
0.9 \\\ 2 1000
2]
N o
0.8 o
®) N~— 0.747 % 10
0.7 2
E \ ISOGB 5
l £ =I5
< \§ 128
050 05 1 15 2 25 1 b
R 0 50 100 150 200
FaK Temperature ( C)
Fig. 48. Load factorj]@s. tapered bearing axial loackfF Fig. 50. Temperature vs. kinematic viscosity.
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= Ball Bearings
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Fig. 51. Viscosity factorj&s. kinematic viscosity.

GREASE LUBRICATION FACT#R (C

For grease lubrication, the EHL lubrication Im becomes depleted of *°
. . . . . . 4
oil over time and is reduced in thickness. Consequently, a reduct|or§ a5

factor (Gr) should be used to adjust for this effect.

LOW LOAD LIFE FACTQR (a

Bearing life tests at the Timken Technology Center have shown greatly
extended bearing fatigue life performance is achievable when the
bearing contact stresses are low and the lubricant Im is suf cient
to fully separate the micro-scale textures of the contacting surfaces.
Mating the test data with sophisticated computer programs for
predicting bearing performance, Timken engineers developed a low-
load factor for use in the catalog to predict the life increase expected
when operating under low-bearing loads. The following gure shows
the low-load factor (&) as a function of the lubricant life factog)(a

and the ratio of bearing dynamic rating to the bearing equivalent load.

6,5
6
55
5

CodR=3,50
GodR=2,50 f GodR=2,00

GydR=1,75

3

Gyr=0.79 2’25 -

15 —M

1 S CydR=0,80

MISALIGNMENT LIFE FACTGR)(a 05 05 . s , 25 \
The life of the bearing depends on the magnitude of the angle of asl

misalignment, on the internal bearing geometry, and on the appli

loads.

&iP. 52. Low load factorggvs. lubricant life factor
and GQdPr ratio.

Accurate alignment of the shatft relative to the housing is critical for
best performance. The life prediction using the method de ned in this
publication is relatively accurate up to the limits listed within, based
on bearing type. The base condition, for which the load rating of the

roller bearing is de ned, is 0.0005 radians misalignment.

Performance of all Timken bearings under various levels of
misalignment and radial and axial load can be predicted using
sophisticated computer programs. Using these programs,
Timken engineers can design special bearing-contact pro les to
accommodate the conditions of radial load, axial load and/or bearing
misalignment in your application. Consult your Timken representative

for more information.
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SYSTEM LIFE AND WEIGHTED | |
AVERAGE LOAD AND LIFE Weighted Average Life
SYSTEM LIFE Lawt = 1{[T1/ (L)al+ [/ (L)l +... [T/ (Ln)n]}

System reliability is the probability that all of the given bearings iWhere, during a load cycle:

a system will attain or exceed some required life. System reliability T = proportion of total time
is the product of the individual bearing reliabilities in the system: Ln = calculated rating life for each condition

Rsystem= RRsRc.... R

In the application, theibsystem life for a number of bearings eac

rRATIOS OF BEARING LIFE TO LOADS,

having differentiglife is: POWER AND SPEEDS
Lio(system) = [(14bA3/2+ (1/koR3/2+ ....(1/kon)33-213 In applications subjected to variable conditions of loading, bearing life
is calculated for one condition. Life for any other condition can easily
WEIGHTED AVERAGE LIFE AND be calculated by taking the ratio of certain variables. To use these
LOAD EQUATIONS ratios, the bearing load must vary proportionally with power, speed,

or both. Nevertheless, this applies only to “catalog” loresdjusted

In many applications, bearings are subjected to various conditions pfes py any life adjustment factor(s). The following relationships hold
loading and bearing selection is often made on the basis of maximyfARder stated speci ¢ conditions:

load and speed. However, under these conditions a more meaningful

analysis may be made examining the loading cycle to determine the TABLE 13.
weighted average load. LIFE RATIO EQUATIONS

Bearing selection based on weighted average loading will take into Condition Equation
account variations in speed, load, and proportion of time during which

i iti i Variable load _
the vgrlable loads and gpeed oceur. However, it is still necessary to Veriable spoed (e = (k92(R/ RLORN/ 1)
consider extreme loading conditions to evaluate bearing contact
stresses and alignment. Variable power (102 = (kJa(H/ HYLOFr/ n)7/3

Variable speed

Constant load _
Variable speed (lag2= (k2(n/ ™)

Weighted Average Load

Constant power _
Variable speed, load and proportion time: Variable sppeed (g2 = (on(/ )"
Fut = [(ﬂTl F110/3+ e TR 10/3 / rh]O.S Variable load (g2 = (Loa(R/ PYLO3

. " . Constant speed
Where during each condition in a load cycle:

. . Variable power _
T = proportion of total time Constant speed (la92= (boa(H/ H03
F = load applied
n = RPM [P = Load, torque or tangential gear force]
n. = reference speed of rotation for use in

bearing life equations. For convenience,
500 RPM is normally used by Timken.

i . i To calculate system weighted life Timken determines the weighted life for each bearing
Uniformly increasing load, constant speed: separately and then calculates a system weighted life.

v = [(3/13) frd3/3 Fnin133 / (Mmax- Fmin)]%-3
Where, during a load cycle:

Fnax= maximum applied load
Fmin = minimum applied load

The above formulae does not allow the use of the life-modifying factor for lubrication

a3l, except in the case of constant speed. Therefore, when these equations are used

in the bearing selection process, the design L10 bearing life should be based on a
similar successful machine that operates in the same environment. Life calculations for
both machines must be performing on the same basis. To allow for varying lubrication
conditions in a load cycle, it is necessary to perform the weighted average life calculation.
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PERMISSIBLE OPERATING SPEED AND
LUBRICATION

When determining the permissible operating speeds corresponding (t-,\cffect on the lubricant, where the lubricant is forced from the small
the bearing preloads used in machine tool spindles, many in uenciné;]nd of the roller end’ heading toward the wider end. As speed

factors are involved. Among those considered are spindle mass
and construction, type of mounting, spindle rigidity and accurac
requirements, spindle loads, service life, type of service (intermittent

or continuous), and method of lubrication.

EFFECT OF LUBRICATION ON SPEED CAPABILITY

The design of the tapered roller bearing results in a natural pumping

fnicreases, the lubricant begins to move outward due to centrifugal
&ffects. At excessive speed, the contact between the roller large
ends and the cone’s rib face can become a concern. This is the
primary reason for suggestions on the use of oil jets at this large

Bearing temperatures, generally, vary directly with both speed anghd, ribbed-cup designs, or high-speed TSMA designs as operating
load. However, high-speed applications must have suf cient axiabpeeds increase. Refer to the following speed guidelines for more
loading on the bearings to prevent heat generation due to rollingetails.

element skidding. The amount of bearing preload is determined

primarily from these operating conditions. At lowgeesls, the

operating loads are heavier and the bearing de ections are greater.

Therefore, the bearing preload must be high enough to provide -
adequate bearing rigidity under the heaviest loads and still maintain

reasonable temperatures when the spindle is operated at high

speeds.

TAPERED ROLLER BEARINGS

MEASURING RIB SPEED

The usual measure of the speed of a tapered roller bearing is the rib
speed, which is the circumferential velocity at the midpoint of the
inner ring large end rib (Fig. 53). This may be calculated as:

Rib speed:

Where:

7t Dnn

r:—

60000
7t Dmn

12  (ft/min)

(m/s)

nP= mean inner ring large rib diameter
n = bearing speed

Inner ring rib diameter

S —  ———

mm, in.
rev/min

Fig. 53. Cone rib diameter. The inner ring rib diameter may be
scaled from a print.

Fig. 54. Pumping effect of
a tapered roller bearing.

There are no clear-cut speed limitations for tapered roller bearings
since performance depends on the bearing design and lubrication
system. The guidelines given in the table on page 39 are based on
typical industrial experiences relating to speed and temperature
for various types of lubrication systems, with bearings having low
G factor.

Timken suggests that testing be performed for all new high-speed
applications.
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SPEED GUIDELINES FOR TAPERED ROLLER BEARINGS
IN MACHINE TOOL SPINDLES

TABLE 14.
SPEED GUIDELINES

TAPERED ROLLER BEARING DESIGNS
Bearing Type And Position Cone Rib Speed (Feet/Minute) 2TS mounting (standard design)
2TS + TDO at rear (box mountifig)
2TS mounting w/spring mounting
0 - 2500 ‘ 2500 - 40#)0 4000 - (%000 6000 - 8000 804)0 - 10000 100f9)mal Hydra-Rib
2 TSMA mounting front and rear
TS bearing at nose position TSMA mounting + Hydra-Rib
2TS ribbed cup mounting
With standard stamped cage Yes Yes Yes No No NoO Ribbed cup mounting + Hydra-Rib
With thermal compensating device NIR N/R Conside®) Yes() No No
o o i SPINDLE BEARING DESIGN FACTORS
With internal geometry modi cations N/R N/R Consider Yes No NO  K-Factor of 1.00 to 1.80 preferred.
With cage modi cations N/R N/R N/R Yes No No Look at GFactor for indication of
With silver-plated cage N/R N/R N/R Consider No No heatgeneration characteristics.
With machined cage N/R N/R N/R N/R No No  Thin section L and LL type bearings
o . . should be given primary consideration.
With improved nish N/R N/R N/R Consider No No
. . Consult with your Timken representative
TSMA bearing at nose position to ensure bearings selected have good
TSMA N/R N/R N/R Consifler|  Yes® Yes high-speed characteristics.
With internal geometry modi cations N/R N/R N/R Yes Yes Yes
With cage modi cations N/R N/R N/R Yes Yes Yes
With silver-plated cage N/R N/R N/R Consider Yes Yes
With machined cage N/R N/R N/R N/R Consider  Yes
With improved nish N/R N/R N/R Consider Consider  Yes
Ribbed cup bearing at nose position
Ribbed cup N/R N/R N/R N/R Yes Yes
With internal geometry modi cations N/R N/R N/R N/R Yes Yes
With silver-plated cage N/R N/R N/R N/R Yes Yes
With machined cage N/R N/R N/R N/R Consider  Yes
With oil drainage holes in cup N/R N/R N/R N/R Consider Yes
With improved nish N/R N/R N/R N/R Consider Yes
Hydra-Rib bearing at rear position
Standard Hydra-Rib Considet Consider Consider Yes No No
Modi ed Hydra-Rib N/R N/R N/R N/R Yes Yes
With internal geometry modi cations N/R N/R N/R Yes Yes Yes
With silver-plated cage N/R N/R N/R Consider Yes Yes
With machined cage N/R N/R N/R N/R Consider  Yes
With oil drainage holes in cup N/R N/R N/R N/R Consider Yes
With improved nish N/R N/R N/R Consider Consider  Yes
Lubrication system
Standard spindle grease Yes No No No No No
Special high-speed grease N/R Yes(@) No No No No
Oil level Yes(®) Yes®) No No No No
Air/oil or mist N/R Consider Yes®) YesD)®) No No
Circulating oil N/R N/R Yes(®) Yes(®) Yes(®) Yes(®)
Oil jets required under cage N/R N/R N/R Yes(") Yes(") Yes(")
Oil jets required to backface rib N/R N/R N/R Yes@®)() Yes®)() Yes®)()

(IRequires use of Hydra-Rib, Spring-Rib, or spring loaded design at rear position.

(2Kluber NBU15, Mobil 28, or equivalent.

(30nly for TSMA bearings.

(4Use 1SO VG32 or equivalent for oil level.

(5Do not use greater than 1ISO VG32 or equivalent for circulating oil. Preferred is ISO VG22 or equivalent.
(68ame as (9) except water jackets in housing would also be required.

(78 Jets at 120 degrees.

(8Not to be used with TSMA design.

(®Normally used for operating speeds less than 12.7 m/s (2500 fpm).

(10Not required (N/R).
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LUBRICATION GUIDELINES FOR HIGHER INTERNAL BEARING DESIGNFAGTOR

SPEED BEARINGS Internal bearing geometry has a direct in uence on torque and,

A precision tapered roller bearing can meet aimost any level of spedfierefore heat generation. In order to rate the torque/heat generation
required by the machine tool industry with the TSMA and Hydra-R@haracteristics of its bearings and to assist designers in selecting
high-speed bearing designs, providing circulating oil lubrication cagppropriate bearings, Timken developed a factor calledh®

be accommodated. lower the Gfactor, the lower the heat generation. Th&&ors are
Eublished in Timken catalogs and are listed in the appendix of this

Both the lubricant and lubrication system have an effect on hea . . .
. N . catalog for the precision tapered roller bearing part numbers listed
generation and heat-dissipation rates and thus are important to the . .
. . in the tapered roller bearing section.
speed capabilities of a bearing.

This Gfactor is of prime importance to a designer because of the

The choice of lubrication will depend on: . . .
in uence of operating temperature on spindle accuracy.

Maximum speed requirement
Heat dissipation rate of the system
Spindle layout

Orientation of the spindle

Speed guidelines

Typical industry experience indicates no pro-

blems under ordinary circumstances.

Industry experience indicates testing may be

required to optimize system.

@®®  Testing will be needed and special bearings may
be required to achieve these speeds.

Special high-speed bearings with circulating oil (TSMA + Hydra;g-ib”")
-m. -m.

Oil jets + cooling jets (TS(F) + Hydra-Rib™)
LE L LR e )
Oil mist + cooling jets (TS(F) + TS(F))
C B N N B R L)

Circulating oil
EEEEEEIODDOOD

Qil level
LEL e )

Synthetic grease
C R L)

! ! ! ! ! g ! Z !

0 10 20 30 40 50 100 200 m/s
0 2000 4000 6000 8000 10000 20000 40000 ft/min

Rib Speed

Fig. 55. Speed capability guidelines for various types of lubrication systems.
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LUBRICATION

TAPERED ROLLER BEARINGS
YVhen conventional (mineral) greases are used, the rib speed should

The selection of the lubricant and lubricant delivery method is directby

linked with the speedabilit of a bearing. It is stronalv su estec? limited to 5 m/s (985 fpm). This limit can be increased under pure
P y g gly sugg radial loads up to 13 m/s (2560 fpm) provided that the bearings remain

that the section on permissible operating speed be reviewed by the . . .
. . i . N in‘'end play under all operating conditions. Generally, No. 2 consistency
customer in addition to this section on lubrication.

greases are used with medium- to low-viscosity base oils.

Mineral Grease

GREASE Lubricant quantity qWy) may be approximated by using the following
equation:
n M
Ving = fmg X V = fmg X [ZxTx(DZ- d2) x 103 - 78x—103] (cm3)
Where:
Fig. 56. Filling a bearing with synthetic grease. fmg = factor depending on speed: 0.3¢<f0.5
V = free volume of the bearing m
T = overall bearing width (mm)
D = cup outer diameter (mm)
d = cone bore (mm)
M = bearing weight (kg)
nm = 3.1416
Fig. 57. Simple radial oil inlet hole with oil collector. Synthetic Grease

The use of “low-torque” greases (or synthetic greases) can be
considered for rib speeds over 13 m/s (2560 fpm), up to maximum of
25 m/s (4920 fpm). Experience has shown that stabilized temperatures,
around 15 Cto 20 C (27 Fto 36 F) above ambient, can be obtained
at the maximum permissible speed.

It is important to follow these procedures to help achieve the
above performance:

Fig. 58. Axial ol jet to direct oil at small end of the rollers. All corrosion protection is removed from the bearing surfaces
by using an organic solvent.

Very small initial quantity of grease is applied to prevent

Grease lubrication speed limits are lower than limits for oil lubrication &y egsive churning.

because all the heat must be carried away by conduction through

. Initial run-in period to evacuate unnecessary grease from
the shaft and housing. P yg

the bearing.
Good spindle design to retain grease around the bearings.

Ef cient sealing to protect against external contamination.

Lubricant quantity §4) may be approximated by using the following
equation;

m M
Vsg=TfsgxV="Ffsgx | —xTx(D2-d?)x 103 - (cm3)
AR [ 4 7.8x10-3]

Where:
4y = factor depending on speed: 0.15 < fsg < 0.3
nm = 3.1416
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When using synthetic greases, the limiting factor is the "lubricatiq®j| Feed System

for life” ith - ing). D i I ) . .

or I?. concept (wit oqt e greagng) e|_oe_nd|ng onload and SIOe(_i‘gorced-feed oil systems are generally used in the machine tool

conditions, the grease life will typically be limited to 5000 to 8000 houra. . s .
industry. In a typical system, oil is pumped from a central reservoir

The Timken Company's suggestions for the use and run-nttt8y  to each bearing separately. Oil is introduced at the small end of the
greases are illustrated later in this section. rollers and drained away at the large end to take advantage of the
A normal way to Il the bearing with grease is to do it by hand befoftural pumping action of tapered roller bearings.

heating and tting the components. For the cone, the free volun@irculating oil allows a continuous regulated oil ow. Apart from
corresponding to the rst third of the rollers, starting from their |al’g®roviding the advantages of maximum heat dissipation, it also has

end, is lled with grease; an additional quantity is provided below th@e added bene t of removing any contamination or debris that could
cage. For the cup, a thin Im of grease is spread all around the rag®ssibly cause bearing wear.

as shown in Fig. 56 on the previous page. . . . .
9 P pag Heat exchangers can be included in a circulating system to reduce

oil inlet temperature and better regulate the running temperature of

OIL the system. Filters of 0.040 mm (0.00157 in.) size also are generally
_ . . . rovided to remove debris.
Grease lubrication of spindle bearings is generally preferred tR/ Provide 3 jets in upper part of

machine tool builders over oil circulation lubrication due to its housing as shown

simplicity and low heat generation. For high loads or high speeds(\

however, circulating oil is probably the most widely used method g‘ B
T

because of its capability to remove heat from the spindle.

Oil Circulation

. 59. Cooling jets in top part of the housing for speed above

Many parameters have to be considered in designing an ef cient dizlisgm/s (4920 fprm)

circulation lubrication system:

Oil characteristics. Experience has shown that for speeds up to 20 m/s (3940 fpm), a simple
radial oil inlet hole in the top part of the housing in conjunction with
an oil collector is suf cient (Fig. 57 on the previous page). For speeds
over 20 m/s (3940 fpm), an axial oil jet should be positioned to direct

Oil ow rates.
Oil feed and drain systems.

Heat dissipation rate of the bearing system. oil at the small end of the roller at the gap between the cage and the
The latter is affected by factors such as conduction through thi&ner ring (Fig. 58 on the previous page). For high speeds or in case
housing walls and convection by the circulating lubricant. of large size bearings, additional oil jets can be arranged about the

circumference to better distribute the oil within the bearings.

Oil Characteristics

A low-viscosity mineral oil in the range of ISO VG10 to ISO VG22 is
generally speci ed for the bearings. This choice will minimize heat
generation, particularly at high speeds, where the lowest practical
viscosity is required. Care must be taken, however, if gears are used
for the power transmission because the choice of the common
lubricant will be systematically dictated by the needs of the gears.
High-quality mineral oils having suitable additives for lubricating both
the gears and bearings are available with a relatively low viscosity.
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With increasing speeds (approx-imately 25 m/s [4920 fpm] and aboye)\| | BEARINGS

the effect of centrifugal force will throw the oil to the outside alon% . -
. . . L en though ball bearings have the least amount of friction of any of
the cup race. To prevent lubricant starvation at the inner ring rib, an

. " o ., _the common rolling bearings, lubrication is required to minimize rolling
consequent bearing burnup, additional oil jets have to be provided in . . .
. . . resistance due to deformation of the balls in the raceways under load,
the top part of the housing (Fig. 59 on the previous page). S . .
and to minimize any sliding friction that occurs between the balls,
the raceway and the cage. Lubrication also serves to protect the
accurately ground and polished surfaces from corrosion. In addition
- / lubrication in general dissipates generated heat and can help protect

—_— - the bearing from the entry of foreign matter.

Regardless of the method of lubrication or type of lubricant, it is
important that quality lubricants be used to minimize oxidation,
gumming or sludging and that the lubricant be clean and free of
moisture to minimize wear.

Only enough lubrication to accomplish these purposes should be used
since another source of heat may become present, namely friction
between the lubricant and the moving parts, in the form of churning
or internal shear of the lubricant itself.

For rib speeds over 40 m/s (7874 fpm), special high-speed Tk he lubrication of ball bearings it is important to realize that a small
bearings have been developed. A special provision for lubrication @¢antity of oil or grease will, if constantly present in the bearing,
the roller-rib contact area is provided to ensure adequate lubricatio§Uf ce for its requirements. It should bg noted thautﬂe. can

The concept works by capturing oil in a manifold attached to the inn€gSult from too much lubrication just as it can from too little. Both
ring and directing it to the roller-rib contact area through holes drille§onditions should be avoided. Excessive oil or grease will result

Fig. 60. The TSMA bearing.

axially in the inner ring (Fig. 60). in high temperature and possible damage. When grease is used,
) ) it is necessary to take into consideration the maximum operating
Oil Drainage System temperature. Particular attention must be given to the housing

An effective circulating oil system requires adequate drainage tgesign relating to the proximity of the grease to the bearing, to assure
prevent an oil buildup that would cause excessive churning angdequate purge room and grease retention.

unnecessary heat generation. Qil passing through a high-spegskpending upon operating speeds, loads and temperatures, machine
bearing will exit the bearing at a high velocity and also will swiko| pall bearings are Iubricated with grease, oil or il mist. In general,
around the housing in the direction of rotation of the bearing. Qs are required when bearings operate at high speeds as they
effectively drain the oil away, the high velocity must be slowed angqyide greater cooling than is possible with grease.

the swirling action stopped so that the oil will fall down into the

drain area. A drain catch basin is required to break up the ow of oll
and direct the oil to the drain hole (Fig. 61). Oil drain sections must
be adequately dimensioned to ease the rapid evacuation of the oil.

Qil drain Qil catch basin
Fig. 61. Oil drain design.
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The following relationship may be used to estimate the effect

GREASE

preload and lubrication method on the Permissible Operating Spe€fie use of grease as a lubricant for Timken super precision ball

(&)

Sp= R x Fox X Ng
Where:

k. = lubrication factor

F- = preload factor

Fz = ball material factor

i
Ncis Permissible Speed for a single, grease-lubricated bearing wit

bearings on various spindle applications is becoming more popular,
due to the development of better ball bearing greases, simpli cation
of design and elimination of the “human maintenance factor,” which
is frequently responsible for too much lubrication, not enough
lubrication, or the wrong kind of lubrication. Prelubricathng
bearings at assembly with the correct amount of the correct grease,
thus eliminating all grease ttings, has increased bearing life in many
Hstances.

inner ring rotation. This value is found with the part number tabled-0r successful lubrication, grease for ball bearings should have good

Factors are as follows:
TABLE 15.

LUBRICATION FACTOR) (F

Lubrication Factor (F

Grease ‘ L=1.00
Oil bath ‘ L¥F1.50
Oil mist ‘ 1F1.70
Oil jet or -
metered oil ‘ h=2.00

TABLE 16.

BEARING PRELOAD FACTOR = (F

Bearing Mounting | Bearing Preload

Arrangement L

0D | ow
DR 0,80
80 | o
PPY | o
PP= | o
PORY | o
PP=QQ | oo

TABLE 17.

BALL MATERIAL FACTGQHR (F

M

0,70

0,60

0,50

0,50

0,60

0,40

0,45

Ball Material Factor g

Steel balls ‘ g=R.00

Ceramic Balls ‘ B=1.20

H

0,50

0,40

0,30

0,30

0,35

0,20

0,25

(ICeramic balls allow 20 percent increase to speed factor.

mechanical and chemical stability with low-torque characteristics.
Two different types of grease, one soft and the other rmer, have
proved to be suitable lubricants for machine tool spindle bearings.
The “soft” greases have a worked penetration factor corresponding
to NLGI of two or less. The rmer grease has a worked penetration
factor of three or more and is of the channeling type. All greases show
a very slight change in consistency after operation in a bearing. As
the softer grease has a tendency to churn, particular attention should
be given to the quantity packed into the bearing. Because the rmer
grease is of the channeling type, the amount used is not as critical.

For super precision ball bearings below a 500000 dN value, which is
equivalent to a 50.000 mm (1.9685 in.) bore bearing rotating at 10000
RPM, either a light-consistency grease or the channeling grease
may be used.

At continuous speeds above a dN value of 500000, the operating
temperature is generally lower when the bearings are lubricated with
a lower-consistency grease and after suf cient break-in.

However, the grease quantity in each bearing must be limited. At these
higher speeds, an excessive amount of grease in the bearing may
result in greatly increased operating temperatures due to churning
action. This condition, if uncontrolled, may lead to premature bearing
damage.
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Grease and Speed Capability Drip-Feed QOil

Before selecting a grease, it is important to de ne a relative speewhere the speeds are considered high for oil bath and the bearings
capability of the application. There is no precise method that caare moderately loaded, oil introduced through a lter-type, sight-feed

be applied to determine the operating speed of a bearing. Over tbéer is suggested. This assures a constant supply of lubricant. The
years, designers of machine tool systems have been guided by th&ded in drops-per-minute is determined by closely observing the
own experiences from which many basic “rules of thumb” have beesperating temperatures.

established. One such rule is the dN speed value.

dN = Bore in millimeters x RPM

Oil Jet

The most common spindle greases that Timken suggests for Timken o ) .
. . . In applications where the ball bearing is heavily loadespathting
spindle ball bearings are:

at high speed and high temperatures, or where the operating

Unirex N3 Vertical applications < 500000 dN conditions are severe with high ambient temperatures, oil jet
Mobil 28 Light loads < 600000 dN lubrication may be required. In such cases, it is necessary to lubricate
Chevron SRI Medium to heavy loads < 350000 dN each bearing location individually and to provide adequately large
Kluber Iso ex NBU 15/ Light loads, vertical or drain openings to prevent excessive accumulation of oil after it has
NCA 15 horizontal applications > 500000 dN  Passed through the bearings.
Kluber BF-7222 Light loads, vertical or horizontal -

applications at higher speeds Oil Mist

> 750000 dN Oil mist lubrication is often used for spindles running continuously at

high speeds. With this method of lubrication, oil of the proper viscosity

OlL is atomized into nely divided particles, mixed with clean, Itered,

Although several grease products have been successful at dN valugly compressed air and directed to pass through the bearings in a
as high as one million, oils are generally suggested for bearinggnstant stream. This oil is metered into the air under pressure. This
operating at high speeds or to provide more cooling and dissipatigtystem not only lubricates the bearings, it affords some cooling due
of heat than is possible with grease. High-grade spindle oil havirig the air ow. This continuous passage of air and oil through the
a viscosity of 100 seconds Saybolt at 37 C (100 F) is suggesteddfrings and the labyrinth seals also serves to prevent the entrance
use in drip-feed oilers, oil bath lubrication arrangements and oflf contaminants into the bearings.

mist systems. In heavily loaded applications, oil in relatively large

quantities must be supplied, and where temperatures run higher than

normal, oil coolers will be suggested. Churning of a large pool of oil

is to be avoided if speed is signi cant.

Oil Bath

The conventional oil-bath system for lubricating the bearings is
satisfactory for low and moderate speeds. The static oil level must
never be higher than the center of the lowermost ball. When the
shaft is rotating, the running level may drop considerably below the
standstill level, depending on the speed of the revolving parts. A
sight gauge or other suitable method should be provided to permit
an easy check.
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PERMISSIBLE OPERATING SPEED AND LUBRICATION

To ensure the “wetting” of the bearings and to prevent possible
damage to the balls and raceways, it is imperative that the oil mist
system be turned on for several minutes before the spindle is started.

TABLE 18.

LUBRICATION SYSTEM COMPARISON

Lubrication System Typical Speed
The importance of wetting the bearings before starting cannot be Type Cost (dNY2)
overstated and has particular signi cance for spindles that have been
. . . . - Grease Low 500000
idle for extended periods of time. To avoid such effects, most oil mist
systems have interlocks that make it impossible to start the spindle  High-speed grease Low 750000
until the lubricating system is working properly and the bearings are Oil bath Low 400000
thoroughly wetted?) oil drip Low 600000

Oil mist Medium 1000000

Metered Air/Oil Metered air/oil High >1000000
This method is similar to the oil mist; however, the oil is fed by periodic Oil jet High >1000000

pulses to the lubrication line providing a higher air-to-oil ratio.

Therefore, this method lowers the operating bearing temperatur@speed value is an approximation and assumes proper mounting and preload techniques

and lubricant shear effects, enabling higher operating spéeds. ;e cniaive.

(Lo further information, refer to the lubrication speci cation tables found

along with average loading conditions. For more speci ¢ guidance contact your Timken

The speed, “dN,” value is obtained by multiplying the bearing bore size in
on pages 240-241. millimeters by the shaft RPM.

50 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



ENGINEERING
RUN-IN PROCEDURES

RUN-IN PROCEDURES

TABLE 19.
TAPERED ROLLER BEARINGS WITH RUN-IN SUGGESTIONS FOR SYNTHETIC GREASE-LUBRICATED
SYNTHETIC GREASE TAPERED ROLLER BEARINGS WITH SINGLE-SPEED SPINDLES
The aim of run-in cycles is to correctly spread the grease inside Time Action
the bearing, to avoid churning of the grease and excessive bearing 10 sec Run
temperature. 1 min Stop
. . . . 20 sec Run
During run-in operations, the bearing temperature must be coigstant -
. . . 1 min Stop
monitored and immediately plotted on a graph so that angrtendf 20 sec Run
the curve toward a vertical asymptote can be averted. Temperature 1 i Stop
probes, .placed c!osest to the bearings, will provide better control of 0 sec RUN
the run-in operations. 1 min Stop
The other advantage of the graph is to help determine the run-in time 50 sec Run
at a given speed. When the curve becomes horizontal, it shows that 1 min Stop
the temperature has stabilized. It is then possible to proceed to the 1 min Run
1 min Stop
next speed.
90 sec Run
The indicated times may vary depending on the speeds and heat 1 min Stop
dissipation capacity of the spindles. 2 min Run
According to the results obtained on the prototype, it may be possible : min - Stop
to reduce either the number or the length (or both) of the run-in steps 1 ::: un Stop
for production spindles. In any event, temperature control should be 4 g, Run*
retained for safety reasons. 1 min Stop
When running-in multi-speed spindles, reduced speeds must be 6 min Run*
chosen at start-up of the cycles. The speed can be progressively 1 min Stop
increased until the bearings evacuate any excessive quantities of 10 min Run*
grease. 20 min Stop
%cThen run until temperature stabilizes. At this step of the cycle, as well as at the
other steps marked *, closely watch the curve’s shape. If it tends to be vertical, stop
15 minutes and run again at 75 percent of max. speed until the temperature stabilizes
again. Then restart the cycle from the beginning at max. speed.
TABLE 20.
RUN-IN SUGGESTIONS FOR SYNTHETIC GREASE-LUBRICATED TAPERED ROLLER BEARINGS WITH MULTI-SPEED SPINDL
25% Max. Speed 50% Max. Speed 75% Max Speed Max. Speed
Time Action Time Action Time ‘ Action Time Action
1 min Run 1 min Run 1 rﬁin Run 1 min Run
1 min Stop 1 min Stop 1 min ‘ Stop 1 min Stop
1 min Run 1 min Run 1 rlpin Run 1 min Run
1 min Stop 1 min Stop 1 min ‘ Stop 1 min Stop
2 min Run 2 min Run 2 rlpin Run 2 min Run
1 min Stop 1 min Stop 1 min ‘ Stop 1 min Stop
3 min Run 3 min Run 3 qL\in Run 3 min Run
5 min Stop 5 min Stop 5 min ‘ Stop 5 min Stop
Y%oThen run until %oThen run until %cThen run and closely watch the Y%cThen run until temperature stabilizes.
temperature stabilizes. temperature stabilizes. curve’s shape during running, until stabiAt this step of the cycle, closely watch
lization. If it tends to be vertical, stop 15the curve’s shape. If it tends to be vertical,
minutes and run again at same speed, stop 15 minutes and run again at 75 per-
cent of max. speed until the temperature
stabilizes again. Then restart the cycle
from the beginning at max. speed.

TIMKEN FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONSTATALOG



ENGINEERING

RUN-IN PROCEDURES

BALL BEARINGS WITH GREASE BALL BEARINGS WITH GREASE
LUBRICATION (FOR SPEEDS > 500000 dN)

Fig. 62 shows bearing temperature increase due to run-in procedue& proper run-in procedure will provide the following results:
The peaking temperature followed by the leveling off is a result of the Expe| the excess grease from the bearings.
new grease being worked and then stabilized for a particular condition

Orient the lubricating Im on each contact surface.
of load and speed.

o Establish a low-equilibrium operating temperature.
It is important that the peak temperature not exceed 55 C (100 F)

above room temperature since the chemical consistency an

characteristics of the grease can be permanently altered. Thus, UN-IN PROCEDURE
the proper run-in procedure is to run the machine until the spindle
temperature rises to 65 C (150 F) and then turn it off to allow the
grease to cool. Repeat until the spindle temperature stabilizes at a
temperature below 54 C (130 F).

1. Install proper quantity of grease.

2. Start at a reasonable low speed, typically 10 percent of the
maximum operating speed.

3. Increase speed with small, reasonable increments when

Fig. 63 shows the typical temperature rise of the bearing once the = <1 temperature is reached.

grease has been worked in for the speci ¢ speed and load. ) . . ) )
4. Continue incremental increase in speed as described.

If a rapid temperature increase occurs (temperature

o 40F exceeds 70 C [158 F]), stop the run-in process.
55 C . .

g 130 F /\\ Maximum bearing temperatures should not exceed 70 C
9 120F (158 F). Temperatures in excess of 70 C (158°F) may cause
g 110 F /-/ 45 C excessive bearing preloads and possible permanent grease
= / or bearing damage.
£ 100 F
£ 35 C 5. Allow the system to cool to room temperature.
= 9 F
§ _ 6. Restart procedure at the last speed prior to the
;:: 80 F 25 C temperature spike.

70 " 50 100 150 200 250 300 7. Continue repeating the above cycle until an equilibrium

temperature is reached at the maximum operating speed
of the applicatioriThe ideal equilibrium operating
temperature is 35 Cto 46 C (95 Fto 115 F).

Time (minutes)
— Temperature

Fig. 62. Typical temperature pro le during break-in (4 speed
increments from 200000 dN start to 800000 dN nish).
ALTERNATIVE RUN-IN PROCEDURE

£ 130F
2 (WHEN UNABLE TO CONTROL INCREMENTAL
g 120F SPEEDS)
IS 45 C
@ 110 A Run-in at constant speed also is possible. In this operation, the bearing
% 100 F / should run at full speed for about 30 seconds. After stopping, the heat
g / 35 C in the bearing dissipates. In this way, a dangerous temperature rise
) 9 F / is prevented. The non-running time depends on the various design
2 s F factors, but it should be at least ve times greater than the running
< 25 C _ _ . : .
time. This process is repeated until the bearing temperbaagomes
70 F ; ; ; . .
0 50 100 150 200 250 300 constant.
Time (minutes)
___ Temperature

Fig. 63. Typical temperature after break-in procedure.
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RUN-IN PROCEDURES

VERTICAL SPINDLES

For vertical axis spindles, special attention must be paid to the
lubrication and sealing. Modi ed sealing is required to prevent the
coolant from contaminating the lubricant when the spindle nose
bearing is at the upper position (Fig. 64).

In the case of grease lubrication, de ectors have to be installed to
prevent grease migration away from the bearing cavity. Alternatively,
when oil lubrication is adopted and the nose bearing is at the lower
position, a system to collect and extract the oil has to be provided to
prevent leakage (Fig. 65).

i i
| ]
| |
] I
I
1 | l P
J | | | ; Pressure
] A control
B
T | ' )
|

1

T
!

j
!

e,

| ! | \
1 \
[ h I \ I

Fig. 65. Typical example of proper use of an oil-lubricated vertical
axis spindle with pressure control for the oil and a means to collect
and extract the oil.
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HEAT GENERATION AND DISSIPATION

HEAT GENERATION AND DISSIPATION _ . _ _ _
e generated heat will be underestimated if operating speed:
TAPERED ROLLER BEARINGS

HEAT GENERATION ne ke (fZXE 088 ot
K )

Under normal operating conditions, most of the torque and heat Gxu
generated by the bearing is due to the elastohydrodynamic Ioss%\s/

at the contact area between rollers and races. here:
The following equation is used to calculate the heat generated by S f g;gr?rizzigc(;?rl(;goorr}i:e)aring data tables)
the(g(::rfgl.qn M K = K factor of the bearing (from bearing data tables)
M = KGi(n)0-62(Ryg)03 f2 = combined load factor (Fig. 66)
Where: 2.8 V4
Qen = generated heat (W or Btu/min) 2.6 /
M = running torque N.m or Ibf-in. 247 /
n = rotational speed (RPM) 2.2 /
G. = geometry factor from bearing data tables % iZ’ 2 /
= viscosity at operating temperature (cP) g' 1'67 \ //
Peq = dynamic equivalent load (N or Ibf) s N //
ki = bearing torque constant % 4] //fl
= 2.56 x Hfor M in N-m & 1= /
= 3.54 x &¥for M in Ibf-in. 5 1.0 S/ oE Lo {ff%gﬁe orap
ka = dimensional factor to calculate heat generation rate £ 084 /’ R fohi+08
= 0.105 for Qgen in W when M in N-m g 0.6 ifo.4% KXE 50
= 6.73 x ¥for Qgen in Btu/min when M in Ibf-in. O L4 e f oo
0.2 R =O'47{fz:1.78
0 ——

T T T T T T T LI 1
0 0.2 0406 08 1012141618 2.0
KR/R
Fig. 66. Determination of combined load factoesfl 5.

TABLE 21.
DETERMINATION OF DYNAMIC EQUIVALENTd4OAD P
Design . . Dynamic Equivalent
(Thrust B Onto A) Thrust Condition Net Axial Load Load Rq
Bearing A Bearing 0.4% FI’B
0.47% Fa 04%Fe , Faa= KB + he
e
i Ke 0.4% kg
Rp= kR g = (ﬁ)
Fa T Fs Ke K
--_*_ Bearing B Faa= 0.4% ha f bined load f
\j é E ::‘ - 1= combined load factor
; 7 0.4% Fra > L + Re Ka (see Fig. 66)
i ,/ % @ Y1
<fe Ka
Ra Fe
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HEAT GENERATION AND DISSIPATION

HEAT DISSIPATION In a splash or oil level lubrication system, heat will be carried by

S . . convection to the inner walls of the housing. The heat dissipation
The heat dissipation rate of a bearing system is affected by man . . . . .
te with this lubrication method can be enhanced by using cooling

factors, and the modes of heat transfer need to be considereci. o .
. . . %ons in the housing sump.

Major heat transfer modes in most systems are conduction throug

the housing walls, convection at the inside and outside surfaces

of the housing, and convection by the circulating lubricant. "Heat Dissipation Through Housing
many applications, overall heat dissipation can be divided into two

categories: Heat removed through the housing is, in most cases, dif cult to
determine analytically. If the steady-state bearing temperature is
known for one operating condition, the following method can be used
Heat removed through the housing. to estimate the housing heat dissipation rate.

Heat removed by circulating oil.

At the steady-state temperature, the total heat dissipation rate
Heat Dissipation by Circulating Oil from the bearing must equal the heat generation rate of the
bearing. The difference between the heat generation rate and heat
dissipation rate of the oil is the heat dissipation rate of the housing at
Qi=l xfx (&- §) the known temperature.

If a .(:irculating lubricant gther than petroleum oil is used, the heafe 4t osses from housings are primarily by conduction and convection
carried away by that lubricant will be: and are therefore nearly linearly related to temperature difference.
A=k xXGXI Xf X &-6 Thus, the housing heat dissipation rate is:

Where: Qsg=C & - &mb)

At the operating condition where the steady-state temperature is
known, the housing heat dissipation factor can be estimated as:

Heat dissipated by a circulating oil system is:

ks = dimensional factor to calculate heat carried
away by a petroleum oil
ks = 28 for g in W whery in L/min anckin C C= @n-Qi
ks = 0.42 for §in Btu/min when in - embt

U.S. pt/min arein F

ks = dimensional factor to calculate heat carried
away by a circulating uid
k =1.67 x Tfor Qi in W
k =1.67 x drfor Qj in Btu/min

Qi = heat dissipation rate of circulating oil W, Btu/min

e = oil inlet temperature C, F
& = oil outlet temperature C, F
G = speci ¢ heat of lubricant Ji(kg x C),
Btu/(lb x F)
f = lubricant ow rate L/min, U.S. pt/min
| = lubricant density kgArib/fe

If lubricant ow is unrestricted on the outlet side of a bearing, the
ow rate that can freely pass through the bearing depends on bearing
size and internal geometry, direction of oil ow, bearing speed and
lubricant properties.

A tapered roller bearing has a natural tendency to pump oil from the
small end to the large end of the rollers. For maximum oil ow and
heat dissipation, the oil inlet should be adjacent to the small end of
the rollers.

TIMKEN FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONSTCATALOG



ENGINEERING

HEAT GENERATION AND DISSIPATION

BALL BEARINGS

HEAT GENERATION 100 F 50 ¢
Low operating temperatures, combined with adequate spindle rigidity, Zg E

are important and highly desirable for precision machine tools. Thisis / 40 C
particularly true for high-speed grinding spindles where the preload 4, ¢ /

of the bearings is the principal load imposed upon them. Some of 5y A/ 1 |3%°¢
the bene ts derived from low operating temperatures are better 49 B_~ 20 C
dimensional stability of the processed work, less need for bearing 30 F ~

lubrication, prevention of objectionable heat at the external swwface 20 F el 10 C
of the spindle housing, and elimination of troubles due to thermal 10 F

effects on mounting ts and preloads. 01 2 3 456 7 8 9 10 11 12 134 15 16

Fig. 67. Effect of preload on temperature rise.
PRELOAD AND HEAT GENERATION
The heat developed at the bearings under load is a function of the
operating speed and the bearing preload. Preloading is necessaﬁyemad mandatory.
for maximum axial and radial rigidity. Unfortunately, if speeds are
increased, the bearing preload may have to be lessened to maintain

proper operating temperatures at the bearing. BEARING GEOMETRY AND HEAT GENERATION

For high-speed operation, the bearing preload should be suf ciedt should be noted that a bearing's internal geometry has a major
to maintain proper rolling friction for the balls, but not so high as tBPact on heat generation. High-speed designs, such as the Timken
generate excessive heat. In cases where lower operating speed3X Series, incorporate “optimized” internal geometries that balance

are desired, bearing preloads may be increased to obtain additiol@Rd-carrying capacity, stiffness and heat generation.

bearing rigidity, provided the proper operating temperatures

are maintained. Thus, a balance between heat generation andE AT DISSIPATION

spindle rigidity dictates the amount of bearing preload that is used,

commensurate with the operational speed and the bearing ”f}é\/hen ball bearing spindies gre grease lubricated, the ha&irgﬂsd _
required. is removed only by conduction through the surrounding parts. With

) ) _jet or circulating oil lubrication, generated heat is dissipated by the
HOW bearllng preload affects the opgratlng temp.erature 'Jil passing through the bearings as well as by conduction through the
illustrated in Fig. 67. This graph applies to 207-size, angui@fat and housing. Both means of removing heat from the bearings

contact, duplexed super precision ball bearings, mounted baclge jmportant, but generally, dissipation through conduction is less
to-back. Curve A is a plot of operating temperature at the bear"&vious

outside diameter for the speeds indicated, usingrings with ) o ) o )
a high built-in preload. Curve B is for bearingsitg a low As an example, in an oil mist-lubricated grinding spindle, the nose

preload. The slope of Curve A is much steeper than that of Cu'Q,rewheeI-end bearings are xed and close to the grinding coolant.
B. Using bearings with a high preload, the temperature rise at tH&'€ Pulley-end or rear bearings are secured axially on the shaft,
bearing outside diameteris 34 C (93 F) when operating at 3600 R%_permltted to oat laterally in the housing to compensate for size
For the same temperature rise using bearings with low preload, 4Anations due to thermal changes. Heat is conducted away from

operating speed of 15300 RPM is indicated. Therefore, it is evigdtf front bearings at a faster rate because of the thermal mass of

that for higher-speed operation, the bearing preload should be ke&}e spindle nose and the intimate contact of the outer rings with the

to the minimum necessary to ensure suf cient bearing rigidity. ~ "°uSing shoulder, the end cover and the housing bore. Thigion,

_ _ coupled with oil mist lubrication and the proximity of the grinding
For workhead spindles, the operating speeds are generally low ad j|4nt takes away generated heat ef ciently.
the loading conditions heavy. Maximum radial and axial spindle

rigidity is required under these loads, making increased bearinfi€ "€ar Of oating pair of bearings is not so favored. Usually, the
thermal mass of the shaft at the drive-end is not so great. The drive-

end possesses some heat-conduction ability, but also receives heat
generated by belt friction. The absence of grinding coolant and
the reduced area of conduction usually results in a slightly higher
operating temperature.
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TOLERANCES
TAPERED ROLLER BEARINGS

Tapered roller bearings are manufactured to a number ofpe major difference between the two tolerance systems is that inch
speci cations or “classes” that de ne tolerances on dimensions pearings have historically been manufactured to positive bore and

such as bore, O.D., width and runout. The Timken Company produgeg_ tolerances, whereas metric bearings have been manufactured
bearings in both inch and metric systems. The boundary dimensigNnegative tolerances.

tolerances applicable to these two categories of bearings differ.

TABLE 22.
TAPERED ROLLER BEARING PRECISION CLASSES

METRIC SYSTEM BEARINGS
(ISO AND “J” PREFIX PARTYS)

Tapered Roller Bearings - Precision Class

Timken Metric c B | Al AA _ _
Timken Inch 3 0 ‘ 00 ‘ oo Timken manufactures metric system bearings to four tolerance
ISO/DIN p5 pa ‘ Pz\ ] classes. Classes C, B, A and AA are “precisionSsgla. These
ABMA Metrid c B ‘ A‘ ) tolerances lie within those currently specifiedl80 492 with
ABMA Inch 3 0 \ 00 \ - the exception of a small number of dimensions indicated in the
tables. The differences normally have an insignificant effect
Crossed Tapered - Precision Class on the mounting and performance of tapered roller bearings.
Timken Metric s P The adjacent table illustrates the current ISO bearing class that
Timken Inch 3 0 corresponds approximately to each of The Timken Company metric
TABLE 23. bearing classes.
METRIC BEARING TOLERENCES - CONE BORE
Cone Bore ‘ Precision Bearing Class
Bearing Bore ‘ c ‘ B A AA
Typesh) | Over  Incl. | Max. | Min.  Max. | Min.  Max.| Min. Max.  Min
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
n. n. n. n. n. n. n. n. n. n.
10.000 18.000 0.000 -0.007 0.000 -0.005 0.000 -0.005 0.000 -0.
0.3937 0.7087 0.0000 -0.0003 0.0000 -0.0002 0.0000 -0.0002 0.0000 -0.0002
18.000 30.000 0.000 -0.008 0.000 -0.006 0.000 -0.006 0.000 -0.006
0.7087 1.1811 0.0000 -0.0003 0.0000 -0.0002 0.0000 -0.0002 0.0000 -0.0002
30.000 50.000 0.000 -0.010 0.000 -0.008 0.000 -0.008 0.000 -0.008
1.1811 1.9685 0.0000 -0.0004 0.0000 -0.0003 0.0000 -0.0003 0.0000 -0.0003
50.000 80.000 0.000 -0.012 0.000 -0.009 0.000 -0.008 0.000 -0.008
1.9685 3.1496 0.0000 -0.0005 0.0000 -0.0004 0.0000 -0.0003 0.0000 -0.0003
80.000  120.000 0.000 -0.015 0.000 lo.010 0.000 -0.008 0.000 -0.008
3.1496 47244 0.0000 -0.0006 0.0000 -0.0004 0.0000 -0.0003 0.0000 -0.0003
120.000  180.000 0.000 -0.018 0.000 0.013 0.000 -0.008 0.000 -0.008
4.7244 7.0866 0.0000 -0.0007 0.0000 -0.0005 0.0000 -0.0003 0.0000 -0.0003
180.000  250.000 0.000 -0.022 0.000 0.015 0.000 -0.008 0.000 -0.008
7.0866 9.8425 0.0000 -0.0009 0.0000 -0.0006 0.0000 -0.0003 0.0000 -0.0003
250.000  265.000 0.000 -0.022 0.000 0.015 0.000 -0.008 0.000 -0.008
TTSSF 9.8425 10.4331 0.0000 -0.0009 0.0000 -0.0006 0.0000 -0.0003 0.0000 -0.0003
265.000  315.000 0.000 -0.022 0.000 0.015 0.000 -0.008 0.000 -0.008
10.4331 12.4016 0.0000 -0.0009 0.0000 -0.0006 0.0000 -0.0003 0.0000 -0.0003
315.000  400.000 0.000 -0.025 - - - - - -
12.4016 15.7480 0.0000 -0.0010 - - - - - -
400.000  500.000 0.000 -0.025 - - - - - -
15.7480 19.6850 0.0000 -0.0010 - - - - - -
500.000  630.000 0.000 -0.030 - - - - - -
19.6850 24.8081 0.0000 -0.0012 - - - - - -
630.000  800.000 0.000 -0.040 - - - - - -
24.8031 31.4961 0.0000 -0.0016 - - - - - -
800.000  1000.000 0.000 -0.050 - - - - - -
31.4961 39.3701 0.0000 -0.0020 - - - - - -
1000.000  1200.000 0.000 -0/060 - - - - - -
39.3701 47.2441 0.0000 -0.0024 - - - - - -
1200.000  1600.000 0.000 -0l080 - - - - - -
47.2441  62.9921 0.0000 -0.0031 - - - - - -

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
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TOLERANCES
TABLE 24.
METRIC BEARING TOLERENCES - CUP O.D.
Cup O.D. ‘ Precision Bearing Class
Bearin Cup O.D. ‘ c ‘ B A AA
Typest Over Incl. ‘ Max. ‘ Min. ‘ Max. ‘ Min. Max. ‘ Min. Max.‘ Min.
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
n. n. n. n n. n. n. n. n. n.
10.000 18.000 - - | - - 0.000 -0.008 0.000 -0.008
0.3937 0.7087 - —| - - 0.0000 -0.0003 0.0000 -0.0003
18.000 30.000 0.000 -0.008 0.000 -0.006 0.000 -0.008 0.000 -0.008
0.7087 1.1811 0.0000 -0.0003 0.0000 -0.0002 0.0000 -0.0003 0.0000 -0.0003
30.000 50.000 0.000 -0.009 0.000 -0.007 0.000 -0.008 0.000 -0.008
1.1811 1.9685 0.0000 -0.0004 0.0000 -0.0003 0.0000 -0.0003 0.0000 -0.0003
50.000 80.000 0.000 -0.011 0.000 -0.009 0.000 -0.008 0.000 -0.008
1.9685 3.1496 0.0000 -0.0004 0.0000 -0.0004 0.0000 -0.0003 0.0000 -0.0003
80.000 120.000 0.000 -0.013 0.000 40.010 0.000 -0.008 0.000 -0.008
3.1496 4.7244 0.0000 -0.0005 0.0000 -0.0004 0.0000 -0.0003 0.0000 -0.0003
120.000  150.000 0.000 -0.015 0.000 0.011 0.000 -0.008 0.000 -0.008
4.7244 5.9055 0.0000 -0.0006 0.0000 -0.0004 0.0000 -0.0003 0.0000 -0.0003
150.000  180.000 0.000 -0.018 0.000 0.013 0.000 -0.008 0.000 -0.008
5.9055 7.0866 0.0000 -0.0007 0.0000 -0.0005 0.0000 -0.0003 0.0000 -0.0003
Ts 180.000  250.000 0.000 -0.020 0.000 0.015 0.000 -0.008 0.000 -0.008
TSF 7.0866 9.8425 0.0000 -0.0008 0.0000 -0.0006 0.0000 -0.0003 0.0000 -0.0003
250.000  265.000 0.000 -0.025 0.000 0.018 0.000 -0.008 0.000 -0.008
9.8425 10.4331 0.0000 -0.0010 0.0000 -0.0007 0.0000 -0.0003 0.0000 -0.0003
265.000  315.000 0.000 -0.025 0.000 0.018 0.000 -0.008 0.000 -0.008
10.4331 12.4016 0.0000 -0.0010 0.0000 -0.0007 0.0000 -0.0003 0.0000 -0.0003
315.000  400.000 0.000 -0.028 0.000 0.020 - - - -
12.4016 15.7480 0.0000 -0.0011 0.0000 -0.0008 - - - -
400.000  500.000 0.000 -0.030 - - - - - -
15.7480 19.6850 0.0000 -0.0012 - - - - - -
500.000  630.000 0.000 -0.035 - - - - - -
19.6850 24.8081 0.0000 -0.0014 - - - - - -
630.000  800.000 0.000 -0.040 - - - - - -
24.8031 31.4961 0.0000 -0.0016 - - - - - -
800.000  1000.000 0.000 -0.050 - - - - - -
31.4961 39.3701 0.0000 -0.0020 - - - - - -
1000.000  1200.000 0.000 -0/060 - - - - - -
39.3701 47.2441 0.0000 -0.0024 - - - - - -
1200.000  1600.000 0.000 -0/080 - - - - - -
47.2441 62.9921 0.0000 -0.0031 - - - - - -
TABLE 25.
METRIC BEARING TOLERANCES - CONE WIDTH
Cone Width ‘ Precision Bearing Class
Bearin Bore ‘ C ‘ B A AA
Types! Over Incl. ‘ Max. ‘ Min ‘ Max ‘ Min Max. ‘ Min. Max.‘ Min.
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
in. in. in. in. in. in. in. in. in. in.
10.0 00 50.000 0.000 -0.200 0.000 40.200 0.000 -0.200 0.000 0.2
0.3937 1.9685 0.0000 -0.0079 0.0000 -0.0079 0.0000 -0.0079 0.0000 -0.0079
50.000 120.000 0.000 -0.300 0.000 40.300 0.000 -0.300 0.000 -0.300
1.9685 4.7244 0.0000 -0.0118 0.0000 -0.0118 0.000! -0.0118 0.0000 -0.0118
120.000  180.000 0.000 -0.300 0.000 0.300 0.000 -0.300 0.000 -0.300
4.7244 7.0866 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118
180.000  250.000 0.000 -0.350 0.000 0.350 0.000 -0.350 0.000 -0.350
7.0866 9.8425 0.0000 -0.0138 0.0000 -0.0138 0.0000 -0.0138 0.0000 -0.0138
TS 250.000  265.000 0.000 -0.350 0.000 0.350 0.000 -0.350 0.000 -0.350
TSF 9.8425 10.4331 0.0000 -0.0138 0.0000 -0.0138 0.0000 -0.0138 0.0000 -0.0138
265.000  315.000 0.000 -0.350 0.000 0.350 0.000 -0.350 0.000 -0.350
10.4331 12.4016 0.0000 -0.0138 0.0000 -0.0138 0.0000 -0.0138 0.0000 -0.0138
315.000  500.000 0.000 -0.350 - - - - - -
12.4016 19.6850 0.0000 -0.0138 - - - - - -
500.000  630.000 0.000 -0.850 - - - - - -
19.6850 24.8081 0.0000 -0.0138 - - - - - -
630.000  1200.000 0.000 -0.850 - - - - - -
24.8031 47.2441 0.0000 -0.0138 - - - - - -
1200.000  1600.000 0.000 -0/350 - - - - - -
47.2441 62.9921 0.0000 -0.0138 - - - - - -

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
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TABLE 26.
METRIC BEARING TOLERANCES - CUP WIDTH
Cup Width ‘ Precision Bearing Class |
Bearin Cup O.D. ‘ c ‘ B A AA
Typest Over Incl. ‘ Max. ‘ Min. ‘ Max. ‘ Min. Max. ‘ Min. Max.‘ Min.
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
n. n. n. n. n. n. n. n. n. n.
10.000 80.000 0.000 -0.150 0.000 -0.150 0.000 -0.150 0.000 -0.150
0.3937 3.1496 0.0000 -0.0059 0.0000 -0.0059 0.0000 -0.0059 0.0000 -0.0059
80.000  150.000 0.000 -0.200 0.000 10.200 0.000 -0.200 0.000 -0.200
3.1496 5.9055 0.0000 -0.0079 0.0000 -0.0079 0.0000 -0.0079 0.0000 -0.0079
150.000  180.000 0.000 -0.250 0.000 0.250 0.000 -0.250 0.000 -0.250
5.9055 7.0866 0.0000 -0.0098 0.0000 -0.0098 0.0000 -0.0098 0.0000 -0.0098
180.000  250.000 0.000 -0.250 0.000 0.250 0.000 -0.250 0.000 -0.250
7.0866 9.8425 0.0000 -0.0098 0.0000 -0.0098 0.0000 -0.0098 0.0000 -0.0098
250.000  265.000 0.000 -0.300 0.000 0.300 0.000 -0.300 0.000 -0.300
9.8425 10.4331 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118
TTS?F 265.000  315.000 0.000 -0.300 0.000 0.300 0.000 -0.300 0.000 -0.300
104331  12.4016 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118
315.000  400.000 0.000 -0.300 0.000 0.300 - - - -
12.4016  15.7480 0.0000 -0.0118 0.0000 -0.0118 - - - -
400.000  500.000 0.000 -0.350 - - - - - -
15.7480 19.6850 0.0000 -0.0138 - - - - - -
500.000  800.000 0.000 -0.350 - - - - - -
19.6850  31.4961 0.0000 -0.0138 - - - - - -
800.000  1200.000 0.000 -0.400 - - - - - -
31.4961 47.2441 0.0000 -0.0157 - - - - - -
1200.000  1600.000 0.000 -0l400 - - - - - -
47.2441  62.9921 0.0000 -0.0157 - - - - - -
TABLE 27.
METRIC BEARING TOLERANCES - CONE STAND
Cone Stand ‘ Precision Bearing Class
Bearing Bore ‘ C ‘ B A AA
Types) Over Incl. ‘ Max. ‘ Min. ‘ Max. ‘ Min. Max. ‘ Min. Maxl Min
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
in. in. in. in. in. in. in. in. in. in.
10.000 80.000 +0.100 -0.100
0.3937 3.1496 +0.0039  -0.0039 Cone Stand. Cone stand is
80.000 120.000 +0.100 -0.100 a measure of the variation
132- é‘:)%% 12-07 %‘&% :g-fggg (_)dji(())gw in cone raceway size, taper
47044 7.0866 +00039 00039, o o o o o and roller diameter. Th!s is
TS | 180000 250000  +0.100  -0.150 checked by measuring
TSF 7.0866 9.8425 +0.0039 -0.0059 the axial location of the
250.000  265.000 +0.100 -0.150 reference surface of a
9.8425 10.4331  +0.0039  -0.0059 master cup or other type
265.000 315.000  +0.100 -0.150 .
104331  12.4016  +0.0039  -0.0059 gage with respect to the
315.000 400000  +0.150  -0.150 - - - - - _ reference cone face.
12.4016 15.7480 +0.0059 -0.0059 - - - - - -
400.000 - | @ @ | - - - - - -
15.7480 - \ - - - - - -

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
(@These sizes manufactured as matched assemblies only.
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TABLE 28.
METRIC BEARING TOLERANCES - CUP STAND
Cup Stand ‘ Precision Bearing Class |
Bearin Bore ‘ c ‘ B A AA
Typest Over Incl. ‘ Max. ‘ Min ‘ Max. ‘ Min. Max. ‘ Min. Max.‘ Min.
mm mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
in. in. in. in. in. in. in. in. in. in.
10.000 18.000 +0.100 -0.100
0.3937 07087  +0.0039  -0.0039 Cup Stand. Cup stand is a
18000  80.000  +0.100  -0.100 measure of the variation in
0.7087 3.1496 +0.0039  -0.0039 LD, si dt Thi
80.000 120000  +0.100  -0.100 (2) (2) (2) o o P ID. Slz€ andiaper. This
Ts 31496 47244  +0.0039  -0.0039 is checked by measuring
LG 120.000  265.000 +0.100 -0.150 the axial location of the
4.7244 10.43&51 +0.0039 -(10059 reference surface of a
265.000 315.000 +0.100 -0.150
10.4331 12.4016 +0.0039  -0.0059 master P lug or other type
315000 400000  +0.100  -0.150 - - - - - _ gage with respect to the
124016 157480  +0.0039  -0.0059 - - - - - reference face of the cup.
400.000 - @ @ | - - - - - -
15.7480 - | \ - - - - - -
(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
(2These sizes manufactured as matched assemblies only.
(3stand for anged cup is measured from ange backface (seating face).
TABLE 29.
METRIC BEARING TOLERANCES - OVERALL BEARING WIDTH
Overall Bearing Width ‘ Precision Bearing Class |
Bearin Bore ‘ c ‘ B A AA
Typest Over Incl. ‘ Max. ‘ Min. ‘ Max. ‘ Min. Max. ‘ Min. Maxl Min.
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
in. in. in. in. in. in. in. in. in. in.
10.000 80.00d +0.200 —0.2100 +0.200 -0.200 +0.200 -0.200 +0.200 -0.200
0.3937 3.149b +0.0079 -d.0079 +0.0079 -0.0079 +0.0079 -0.0079 +0.0079 -0.0079
80.000 120.00b +0.200 —0.200 +0.200 -0.200 +0.200 -0.200 +0.200 -0.200
3.1496 4.724@ +0.0079 —d.0079 +0.0079 -0.0079 +0.0079 -0.0079 +0.0079 -0.0079
120.000 180.0d0 +0.350 -0.?50 +0.200 0.250 +0.200 -0.250 +0.200 -0.250
4.7244 7.0BGE +0.0138 -d.0098 +0.0079 -0.0098 +0.0079 -0.0098 +0.0079 -0.0098
180.000 250.0d0 +0.350 -0.250 +0.200 0.300 +0.200 -0.300 +0.200 -0.300
7.0866 9.8425 +0.0138 —d.0098 +0.0079 -0.0118 +0.0079 -0.0118 +0.0079 -0.0118
250.000 265.0d0 +0.350 -0.300 +0.200 0.300 +0.200 -0.300 +0.200 -0.300
TS 9.8425 10.43$1 +0.0138 -¢.0118 +0.0079 -0.0118 +0.0079 -0.0118 +0.0079 -0.0118
TSP 265.000 315.0d0 +0.350 -0.$OO +0.200 0.300 +0.200 -0.300 +0.200 -0.300
10.4331 12.40h.6 +0.0138 -¢).0118 +0.0079 -0.0118 +0.00[79 -0.0118 +0.0079 -0.0118
315.000  500.000  +0.350 -0.300 - - - - - -
12.4016 19.6850 +0.0138 -0.0118 - - - - - -
500.000  800.000  +0.350 -0.400 - - - - - -
19.6850 31.4961 +0.0138 -0.0157 - - - - - -
800.000  1000.000  +0.350 -0.400 - - - - - -
31.4961 39.3701 +0.0138 -0.0157 - - - - - -
1000.000 1200.000  +0.350 -0/450 - - - - - -
39.3701 47.2441 +0.0138  -0.0177 - - - - - -
1200.000  1600.000  +0.350 -0/500 - - - - - -
47.2441 62.9921  +0.0138  -0.0197 - - - - - -

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
(@For bearing type TSF, the tolerance applies to the dimension T
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TABLE 30.
METRIC BEARING TOLERANCES - ASSEMBLED BEARING MAXIMUM RADIAL RUNOUT
Assembled Bearing Maximum Radial Runout Precision Bearing Class T
'Bl')spagénl Over Bore Incl. © = - —
mm mm mm ‘ mm mm ‘ mm
n. n. n. n. n. n.
10.000 18.000 0.005, 0.003 0.002 0.001
0.3937 0.7087 - | 0.0001 0.00008 0.00004
18.000 30.000 0.005, 0.003 0.002 0.001
0.7087 1.1811 0.0002 0.0001 0.00008 oRuo@ut. Runout is a measure of rotational
30.000 50.000 0.006\ 0.008 o.obz o.ooaccuracy expressed by Total Indicator
1.1811 1.9685 0.00¢2 0.0001 d.oooos OReeming (T.I.R.). Total displacement is
50.000 80.000 0.006 0.004 0.002 0.00measured by an instrument sensing
1.9685 3.1496 0.0002 0.0002 0.00008 0R98fMst a moving surface, or moved with
80.000 120.000 0.006 0.0q4 0.002 0-0%spectto a xed surface. A radial runout
3.149 4.7244 0.0002 0.4002 0.00008 A&%urement includes both roundness
120.000 150.000 0.007 0.004 0902 9% rors and the centering error of the
4.7244 5.9055 0.0003 0.0002 0.00008 000004 o thead
150.000 180.000 0.008 0.004 0.002 000 ace fhatihe instrument head senses
5.9055 7.0866 0.0003 0.0002 0.00008 ARt
180.000 250.000 0.010 0.005 0.002 0.001
s 7.0866 9.8425 0.0004 0.0002 0.00008 0.00004
TSF 250.000 265.000 0.011 0.005 0.002 0.001
9.8425 10.4331 0.0004 0.0002 0.00008 0.00004
265.000 315.000 0.011 0.005 0.002 0.001
10.4331 12.4016 0.0004 0.0002 0.00008 0.00004
315.000 400.000 0.013 0.005 1 -
12.4016 15.7480 0.0005 0.0002 | - -
400.000 500.000 0.018 - - -
15.7480 19,6850 0.0007 - + -
500.000 630.000 0.025 - - -
19,6850 24.8031 0.0010 - + -
630.000 800.000 0.035 - - -
24.8031 31.4961 0.0014 - . -
800.000 1000.000 0.050 - ~| -
31.4961 39.3701 0.0020 - + -
1000.000 1200.000 0.060 - | -
39.3701 47.2441 0.0024 L . -
1200.000 1600.000 0.080 - | -
47.2441 62.9921 0.0031 L L -

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further
information.
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METRIC SYSTEM BEARINGS
(TXR PREFIX PARTYS)

TABLE 31.
METRIC BEARING TOLERANCES - OUTER RACE O.D.

Outer Race O.D. Precision Bearing Class
: 0.D. S P
Bearing Types Over Incl. Max. ‘ Min. Max. ‘ Min.
mm mm mm ‘ mm mm ‘ mm
in. in. in. in. in. in.
18.000 30.000 0.000 -0.010 0.000 -0.008
0.7087 1.1811 0.0000 -0.0004 0.0000 -0.0003
30.000 50.000 0.000 -0.013 0.000 -0.010
1.1811 1.9685 0.0000 -0.0005 0.0000 -0.0004
50.000 80.000 0.000 -0.015 0.000 -0.010
1.9685 3.1496 0.0000 -0.0006 0.0000 -0.0004
80.000 120.000 0.000 -0.020 0.000 -0.013
3.1496 4.7244 0.0000 -0.0008 0.0000 -0.0005
120.000 180.000 0.000 -0.025 0.000 -0.013
4.7244 7.0866 0.0000 -0.0010 0.0000 -0.0005
180.000 250.000 0.000 -0.030 0.000 -0.015
7.0866 9.8425 0.0000 -0.0012 0.0000 -0.0006
250.000 400.000 0.000 -0.040 0.000 -0.020
TXR 9.8425 15.7480 0.0000 -0.0016 0.0000 -0.0008
400.000 630.000 0.000 -0.050 0.000 -0.025
15.7480 24.8031 0.0000 -0.0020 0.0000 -0.0010
630.000 800.000 0.000 -0.060 - -
24.8031 31.4961 0.0000 -0.0024 - —
800.000 1000.00 0.000 -0.080 - -
31.4961 39.3701 0.0000 -0,0031 - —
1000.000 1200.000 0.000 -0.100 - -
39.3701 47.2441 0.0000 -0,0039 - -
1200.000 1600.000 0.000 -0.120 - -
47.2441 62.9921 0.0000 -0.0047 - —
1600.000 2000.000 0.000 -0.140 - -
62.9921 78.7402 0.0000 -0.0055 - -
2000.000 - 0.000 -0.140 - -
78.7402 - 0.0000 -0.0055 - -
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TABLE 32.
METRIC BEARING TOLERANCES - INNER RACE BORE
Inner Race Bore Precision Bearing Class
. Bore S P
Bearing Typgs Over Incl. Max. Min. Max. Min.
mm mm mm mm mm mm
in. in. in. in. in. in.
10.000 50.000 0.000 -0.013 0.000 -0.010
0.3937 1.9685 0.0000 -0.0005 0.0000 -0.0004
50.000 80.000 0.000 -0.015 0.000 -0.013
1.9685 3.1496 0.0000 -0.0006 0.0000 -0.0005
80.000 120.000 0.000 -0.020 0.000 -0.013
3.1496 4.7244 0.0000 -0.0008 0.0000 -0.0005
120.000 180.000 0.000 -0.025 0.000 -0.013
4.7244 7.0866 0.0000 -0.0010 0.0000 -0.0005
180.000 250.000 0.000 -0.080 0.000 -0.015
7.0866 9.8425 0.0000 -0.0012 0.0000 -0.0006
250.000 315.000 0.000 -0.085 0.000 -0.018
9.8425 12.4016 0.0000 -0.0014 0.0000 -0.0007
315.000 400.000 0.000 -0.040 0.000 -0.020
TXR 12.4016 15.7480 0.0000 -0,0016 0.0000 -0.0008
400.000 500.000 0.000 -0.045 0.000 -0.025
15.7480 19.6850 0.0000 -0,0018 0.0000 -0.0010
500.000 630.000 0.000 -0.050 0.000 -0.030
19.6850 24.8031 0.0000 -0,0020 0.0000 -0.0012
630.000 800.000 0.000 -0.060 - -
24.8031 31.4961 0.0000 -0/0024 - -
800.000 1000.000 0.000 -0.080 - -
31.4961 39.3701 0.0000 -0/0031 - -
1000.000 1200.000 0.000 -0.100 - -
39.3701 47.2441 0.0000 -0/0039 - -
1200.000 1600.000 0.000 -0.120 — -
47.2441 62.9921 0.0000 -0,0047 - -
1600.000 2000.000 0.000 -0.140 — -
62.9921 78.7402 0.0000 -0,0055 - -
2000.000 - 0.000 -0.140 - -
78.7402 - 0.0000 -0.0055 - -
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INCH SYSTEM BEARINGS

Inch system bearings are manufactured to a number of tolerance
classes. Classes 3, 0, 00 and 000 are “precision” classes.

TABLE 33.
INCH BEARING TOLERECES - CONE BORE
Cone Bore Precision Bearing Class
Bearing Bore 3 0 00 000
Typest) Over Incl. Max. ‘ Min. Max. ‘ Min. Max. ‘ Min. Maxi Min.
mm mm mm ‘ mm mm ‘ mm mm mm mm ‘ mm
in. in. in. in. in. in. in. in. in. in.
0.000 76.200 +0.013 0.000 +0.013 0.000 +0.008 0.000 +0.008 0.000 =
0.0000 3.0000 +0.0005 0/0000 +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000
76.200 304.800 +0.013 0.000 +0.013 0.000 +0.008 0.000 +0.008 0.000
3.0000 12.0000 +0.0005 0.0000 +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000
1TSSF 304.800 609.600 +0.025 0.000 - — - - - -
TTSDEI 12.0000 24.0000 +0.0010 0.0000 - - - - - -

TDIT | 609.600  914.400  +0.038 0.000 - - - - - -
TDO 24.0000 36.0000 +0.0015 0.0000 - - - - - -

TNA
914.400 1219.200 +0.051 0.000 - - - - - -
36.0000 48.0000 +0.0020 0.0000 - - — - — -
1219.200 +0.076 0.000 - — - - - -
48.0000 +0.0030 0.0000 — - — - - -
TABLE 34.
INCH SYSTEM BEARINGS - CUP O.D.
Cup O.D. Precision Bearing Class
Bearing Cup O.D. 3 ‘ 0 00 000
TypesD Over Incl. Max.  Min.  Max.  Min. Max.  Min. Max, Min.
mm mm mm ‘ mm ‘ mm ‘ mm mm mm mm ‘ mm
in. in. in. in. in. in. in. in. in. in.
0.000 304.80 +0.013 0.0bO +0.013 0.000 +0.008 0.000 +0.008 0.000
0.0000 12.0000 +0.0005 d.OOOO +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000

TS 304.800 609.600 +0.025 O.dOO +0.013 0.000 +0.008 0.000 +0.008 0.000

$§E 12.0000 24.0000 +0.0010 q).OOOO +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000

TTSIIT 609.600 914400  +0.038  0.000 - - - - - -

TDO | 240000 360000  +0.0015  0.0000 - - - - - -
WA | 914400 1219200 +0.051  0.000 - - - - - -
TNASWE 36.0000 48.0000 +0.0020 ¢.0000 — - - - - -

1219.200 +0.076 0.0qO - — - - - -
48.0000 +0.0030 0.0bOO - - - - - -

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
(2For TSL bearings these are the normal tolerances of cone bore. However, bore size can be slightly reduced at large end due to tight t
assembly of the seal on the rib. This should not have any effect on the performance of the bearing.
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TABLE 35.
INCH SYSTEM BEARINGS - CUP FLANGE O.D.
Cup Flange O.D. Precision Bearing Class
Bearing Cup O.D. 3 0 00 000
Typest) Over Incl. Max. Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in. in.
0.000 304.800 +0.051 0.000 +0.051 0.000 +0.051 0.000 +0.051 0.00
0.0000 12.0000 +0.0020 0.0000 +0.0020 0.0000 +0.0020 0.0000 +0.0020 0.0000
304.800 609.600 +0.076 0.000 +0.051 0.000 +0.051 0.000 +0.051 0.000
TSF 12.0000 24.0000 +0.0030 0.0000 +0.0020 0.0000 +0.0020 0.0000 +0.0020 0.0000
609.600 914.400 +0.102 0.000 - — - - - -
24.0000 36.0000 +0.0040 0.0000 - - - - - -
914.400 +0.127 0.000 - - - — - -
36.0000 +0.0050 0.0000 - - - — - -
TABLE 36.
INCH SYSTEM BEARINGS - CONE WIDTH
Cone Width Precision Bearing Class
Bearing Bore 3 0 00 000
Typest) Over Incl. Max. Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm mm mm mm mm mm mm I
in. in. in. in. in. in. in. in. in. in.
TS
TSF
TSL Al +0.076 -0.254 +0.076 -0.254 +0.076 -0.254 +0.076 -0.254
sizes
TTDDIIT +0.0030 -0.0100 +0.0030 -0.0100 +0.0030 -0.0100 +0.0030 -0.0100
TDO
TABLE 37.
INCH SYSTEM BEARINGS - CUP WIDTH
Cup Width Precision Bearing Class I
Bearing Bore 3 0 00 000
Types!) Over Incl. Max. Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in. in.
) +0.051 -0.254 +0.051 -0.254 +0.051 -0.254 +0.051 -0.254
All types All sizes
+0.0020 -0.0100 +0.0020 -0.0100 +0.0020 -0.0100 +0.0020 -0.0100

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
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TABLE 38.
INCH SYSTEM BEARINGS - CONE STAND
Cone Stand Precision Bearing Class
Bearing Bore 3 0 00 000
Types!) Over Incl. Max. Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in. in.
0.000 101.600 +0.102 -0.102 c Stand. C wand i
0.0000 4.0000 +0.0040 -0.0040 one tan 'f sne sgn. IS
101.600  266.700 +0.102 0102 © o (2) (2) (2) gmeasure oft e_vanatlon
TTSSF 4.0000 10.5000 +0.0040 -0.0040 In cone raceway size, tapgr
TaL | 266700 304800  +0.102  -0.102 and roller diameter. This
TTSI'T 105000  12.0000  +0.0040  -0.0040 IS che(?ked by measuring
TDO | 304.800  406.400  +0.102  -0.102 - - - - - _ the axial location of the
12.0000  16.0000  +0.0040  -0.0040 - - - - - reference surface of a
406.400 (2) o - - - - - _ master cup or other type
16.0000 _ _ _ _ _ _ gage with respect to the
reference cone face.
TABLE 39.
INCH SYSTEM BEARINGS - CUP STAND
Cup Stand Precision Bearing Class
Bearing Bore 3 0 00 000
Typest) Over Incl. Max. Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in. in.
0.000 101.600 +0.102 -0.102 Cup Stand. Cup stand is a
0.0000 4.0000 +0.0040 -0.0040 i L
1oLe00 26670k 0102 oLoo measure of the variation in
. . +0. -0. . .
@ @ @ @) @ @  cup |I.D. size and taper. This
TS 4.0000 10.5000 +0.0040 -0.0040 . .
S is checked by measuring
T 266.700  304.800 +0.102 -0.102 . .
TSL the axial location of the
DI 10.5000 12.0000 +0.0040 -0.0040
DIT reference surface of a
304.800  406.400 +0.102 -0.102 ¢ | ther t
12.0000 16.0000 +0.0040 -0.0040 - - master phug or other yr?e
406.400 o o 5 - B - B - gage with respect to the
16.0000 3 B B B B reference face of the cup.

(INot all types and sizes are listed in this catalog. Please contact your Timken representative for further information.
(2These sizes manufactured as matched assemblies only.

(3stand for anged cup is measured from ange backface (seating face).
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TABLE 40.
INCH SYSTEM BEARINGS - OVERALL BEARING WIDTH
Overall Bearing Width Bearing Class ‘
Bearing Bore 0.D. 3 0 00 000
Type$h) | Over  Incl.| Over  Incl ' Max. | Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm mm ‘ mm mm ‘ mm mm ‘ mm mm ‘ mm
n. n. n. n. n. n. n. n. n. n. n. n.
0.000  101.600 - - +0.203  -0203 +0.203 -0.203  +0.203 | -0.203  +0.203  -0.203
0.0000  4.0000 - - +0.0080 -D.0080  +0.0080| -0.0080 +0.0080 -0.0080  +0.0080  -0.0080
101.600  304.800 - - +0.203  -0203  +0.203 |-0.203  +0.203| -0.203  +0.203  -0.203
4.0000  12.0000 - 1 +0.0080 {0.0080  +0.0080 -0.0080 +0.0080 -0.0080  +0.0080  -0.0080
TESF 304.800 609.600 0.000 508.000 +0.203 [-0.203 - -~ - - - -
TSL 12.0000 24.0000  0.0000  20.0000 +0.008Q  -0.0080 - - - - - -
304.800 609.600 508.000 +0.381  10.381 - - - - - -
12.0000  24.0000  20.0000 +0.0150 | -0.0150 - - - - - -
609.600 - - +0.381  -0.381 - L - - - -
24.0000 - - +0.0150  -0/0150 - - - - - -
0.000  127.000 - - +0.254  0.000 - - - - - -
TNA 0.0000  5.0000 - = +0.0100 .0000 - - - - - -
TNASW
TNASWE 127.000 - - +0.762 0.000 - - - - - -
5.0000 - - +0.0300  0.0000 - - - - - -
0.000  101.600 - - +0.406  -0/406  +0.406 -0.406  +0.406 | -0.406  +0.406  -0.406
0.0000  4.0000 - 4 +0.0160 -D.0160  +0.0160| -0.0160 +0.0160 -0.0160  +0.0160  -0.0160
101.600  304.800 - - +0.406  -0.406  +0.406 |-0.406  +0.406 | -0.406  +0.406  -0.406
4.0000  12.0000 - 4 +0.0160 {0.0160  +0.0160 -0.0160 +0.0160 -0.0160  +0.0160  -0.0160
TTDDIIT 304.800 609.600 0.000 508.000 +0.406 |-0.406 - - - - - -
TDO | 12.0000 24.0000 0.0000  20.0000 +0.016Q0  -0.0160 - - - - - -
304.800 609.600 508.000 +0.762  10.762 - - - - - -
12.0000  24.0000  20.0000 +0.0300 | -0.0300 - - - - - -
609.600 - - - +0.762  -0.762 - L - = - -
24.0000 - - - +0.0300  -0/0300 - - - - - -
TABLE 41.
INCH SYSTEM BEARINGS - ASSEMBLED BEARING MAXIMUM RADIAL RUNOUT
Assembled Bearing Maximum Radial Runout Bearing Class
'IB')(/%gng;nl Over SHPE, Incl. 3 0 00 000
mm mm mm ‘ mm mm mm
n. n. n. n. n. n.
0.000 266.700 0.008\ 0.004 0.002 0.001
0.0000 10.5000 o.oobs 0.00015 0.000075 0.000040
TS 266.700 304.800 o.ooéy 0.004 0.002 0.001R .
TSE unout. Runout is a measure of
TSL 10.5000 12.0000 o.odos 0.00015 0.000075 0.000040 | d b
oI 304.800 609,600 0.01:$ B - - rotatlong accuracy. expressed by
TDIT Total Indicator Reading (T.I.R.). Total
DO 12:009 24.0009 o.c07 - . ~ displacement is measured by an
A 609.600 914.400 0.051 - - — e ) ) _
TNASWE 24,0000 36,0000 o.odzo | | _instrument sensing agal_nst a moving
914.400 0.076 ‘ ~ ~ B surfa(.:e, or moved Wlth- respect
36.0000 0.0030 _ _ _  to a fixed surface. A radial runout

(INot all types and sizes are listed in this catalog. Please contact your Timken representative for further information.
(@For bearing type TSF, the tolerance applies to the dimension T

measurement includes both roundness
errors and the centering error of the

surface that the instrument head

senses against.
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TABLE 42.
INCH SYSTEM BEARINGS - OUTER RACE O.D.

Outer Race O.D.

TABLE 43.
INCH SYSTEM BEARINGS - INNER RACE BORE

Precision Bearing Class Inner Race Bore

Precision Bearing Class
Bearing 0.D. 3 0 Bearing Bore 3 0
Types Over Incl. Max. Min. Max. Min. Types Over Incl. Max. Min. Max. Min.
mm mm mm mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in. in. in. in.
- 304.800 0.025 0.000 0.127 0.000 - 76.200 0.013 0.000 0.013 0.000
- 12.0000 0.0010 0.0000 0.0005 0.0000 - 3.0000 0.0005 0.0000 0.0005 0.0000
304.800 609.600 0.051 0.000 0.025 0.000 76.200 304.800 0.025 0.000 0.013 0.000
12.0000 24.0000 0.0020 0.0000 0.0010 0.0000 3.0000 12.0000 0.0010 0.0000 0.0005 0.0000
609.600 914.400 0.076 0.000 - - 304.800 609.600 0.051 0.000 0.025 0.000
TXR 24.0000 36.000 0.0030 0.0000 - - TXR 12.0000 24.0000 0.0020 0.0000 0.0010 0.0000
914.400 1219.200 0.102 0.000 - - 609.600 914.400 0.076 0.000 - -
36.0000 48.0000 0.0040 0.0000 - - 24.0000 36.0000 0.0030 0.0000 - -
1219.200  1524.000 0.127 0.000 - - 914.400 1219.200 0.102 0.000 - -
48.0000 60.0000 0.0050 0.0000 - - 36.0000 48.0000 0.0040 0.0000 - -
1524.000 - 0.127 0.000 - - 1219.200 - 0.127 0.000 - -
60.0000 - 0.0050 0.0000 - - 48.0000 — 0.0050 0.0000 —
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BALL BEARINGS

The Annular Bearing Engineers’ Committee has éshal ve

classes of tolerances for ball bearings, known as ABEC 1, ABE@%fore determining which type and classi cation of Timken super
ABEC 5, ABEC 7 and ABEC 9. The highest number indicatespfl’:f&iSion ball bearing is best suited for a particular application, it is
class wilth the most exacting tolerances. Every ball bearin5’nportantto explore all relevant details of the bearing characteristics,

manufactured by Timken is made to close tolerances, adhering }%Ierances and mounting, as listed in the catalog data tables. Although
the established ABEC standards cost is another factor, it is not economical to attempt the use of low-

_ precision bearings on an application where extra-high speeds and
In general, these standards are equivalent to the Comparablﬁltra-precision bearings are required.

classes of tolerance established by the International Organization

for Standardization, known as ISO PO (ABEC 1), ISO P5 (ABEC 5?@8” precision bearings are manufactured to close tolerances to
P4 (ABEC 7) and ISO P2 (ABEC 9) elp assure consistent performance and interchangeability. To take

. . o _ full advantage of this precision product, it is expected that equally
Timken manufactures a complete line of super precision ball bearingg <o tolerances be used in the production of mounting components

made to ABEC 7 (ISO P4) and ABEC 7/9 (ISO P4/P2) tolerancqf §fkings, shafts, spacers, etc.). Therefore, special consideration

applications involving high speeds, extreme accuracy and rigidity, s pe given to the particular details relating to proper shaft and
The range of such equipment includes high-grade machine too'ﬁousing ts and the housing design.

jet engines, computer hardware, robotics and spexgloration
vehicles. Machine tool bearings, basically single-row construction,

are available in four series, named ultra-light (9300/71900/ISO 19),
extra-light (9100/7000/1SO 10), light (200/7200/ISO 02) and medium
(300/7300/1SO 03), providing a considerable range in external
dimension relationships.

SYSTEM TOLERANCES

The chart below shows the various classes of tolerances for
35.000 mm (1.3779 in.) bore size, light-series bearings (207). To
meet the exacting requirements of the machine tool industry, even
ABEC 9/ISO P2 tolerances do not represent the ultimate, since some
special applications require even higher precision.

Inner ring Quter ring

0.030 0.00120

0.025 0.00100
e .
£ 0.020 0.00080 .£
c £
2 &
& 0.015 = = 0.00060 LCJ
3 2 — 2 S
g — 2 3 8

0.010 0.00040 ©
2 a o .

r B 5
0.005 z < | 0.00020
0.000! 1 - | : - 0.00000
Bore diameter  Radial runout Lateral runout Outer O.D. Radial runout Lateral runout
ABEC 9 (ISO P2) M ABEC 7 (ISO P4) [J ABEC 5 (ISO P5) ABEC 1 (ISO P0)

Fig. 68. Comparison of tolerances among ABEC/ISO classes (light series, 35.000 mm bore [1.3779 in.]
type).
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OUTER, INNER RINGS ABEC 5, 7, 9 - ISO P5, P4, P2

Values of tolerances for super precision ball bearings are shown below.
This catalog lists the Timken sizes manufactured to MV (ISO P4) and
MM/MMV (ISO PA4S) levels.

TABLE 44 .
STANDARD ABEC/ISO TOLERANCES — INNER RING
gl Ves Ka Sa Sd Width InBr?er Rings
Bearing Bore Diametét) Width Raceway Raceway Face Runout +0.000 mm 9
Bore +0.000 mm+0.0000 in. Variation Radial Runout Axial Runout With Bore +0.0000 i ’
ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO

Over ‘ Incl. 5/P5‘ 7/@4‘ 9/P2 5/P5‘ 7/P4 9fP2 5/P5 ‘ 7/P4‘ 9/[2 5/P5 ‘ 7/P4‘ 9//2 5/P5 ‘ 7/P4‘ 9/f22 5/P5, 7/P4, 9/Rp
mm  mm  mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. in.

2,500 10.000 -0.005 -0.004 -0.0025 0.005 0.002%5 0.0015 0.004 0,0025 0.0015 0.007| 0.003 0.0015 0.007 0.003 0.0015
0.0984 0.3937 -0.0002 -0.0002| -0.0001 0.0002 0i0001 0.0001 0.0002 0.0001 0.0001 |0.0003 0.0001 0.00005 0.0003 0.0001 0.00
10.000 18.000 -0.005 -0.004 -0.0025 0.005 0.0025 0.0015 0.004 0j0025 0.0015 0.007/ 0.003 0.0015 0.007 0.003 0.0015
0.3937 0.7087 -0.0002 -0.0002| -0.0001 0.0002 0i0001 0.0001 0.0002 0.0001 0.0001 |0.0003 0.0001 0.00005 0.0003 0.0001 0.00
18.000 30.000 -0.006 -0.005 -0.0025 0.005 0.0025 0.0015 0.004 Q.003 0.0025 0.008| 0.004 0.0025 0.008 0.004 0.0015
0.7087 1.1811 -0.0002 -0.0002| -0.0001 0.0002 00001 0.0001 0.0002 0.0001 0.0001 |0.0003 0.0002 0.0001 0.0003 0.0002 0.00(
30.000 50.000 -0.008 -0.006 -0.0025 0.005 0.003 0.0015 0.005 0.004 0.0025 0.008| 0.004 0.0025 0.008 0.004 0.0015 -
1.1811 19685 -0.0003 -0.0002| -0.0001 0.0002 0/0001 0.0001 0.0002 0.00015 0.0001 | 0.0003 0.0002 0.0001 0.0003 0.0002 0.00
50.000 80.000 -0.009 -0.007 -0.004 0.006 0.004 0.0015 0.005 0/004 0.0025 0.008 | 0.005 0.0025 0.008 0.005 0.0015 -
1.9685 3.1496 -0.0004 -0.0003| -0.00015 0.0002 000015 0.0001 0.0002 0.00015 0.0001 | 0.0003 0.0002 0.,0001 0.0003 0.0002 0.0C
80.000 120.000 -0.010 -0.008 0.005 0.007 0.004 0.0025 0.006 0.005 0.0025 0.009| 0.005 0.0025 0.009 0.005 0.0025 -
3.1496 4.7244 -0.0004 -0.0003| -0.0002 0.0003 0.00015 0.0001 0.0002 0.0002 0.0001 |0.00035 0.0002 0.0001 0.00035 0.0002 0.0
120.000 150.000 -0.013 -0.010 -0.007 0.008 0.005 0.0025 0.008 Q.006 0.0025 0.010| 0.007 0.0025 0.010 0.006 0.0025
47244 59055 -0.0005 -0.0004| -0.0003 0.0003 0/0002 0.0001 0.0003 0.00025 0.0001 | 0.0004 0.0003 .0001 0.0004 0.00025 0.0(
150.000 180.000 -0.013 -0.010 -0.007 0.008 0.005 0.004 0.008 0006 0.005 0.010| 0.007 0.005 .010 0.006 0.004 -C
59055 7.0866 -0.0005 -0.0004| -0.0003 0.0003 00002 0.00015 0.0003 0.00025 0.0002 | 0.0004 0.0003 0.0002 0.0004 0.00025 0.0(
180.000 250.000 -0.015 -0.012 -0.008 0.010 0.006 0.005 0010 0008 0.005 0.013 | 0.008 0.0@05 O0.0(H1 -0.300

7.0866 9.8425 -0.0006 -0.0004| -0.0003 0.0004 0.00025 0.0002 0.0004 0.0003 0.0002 | 0.0005 0.0003 0.¢002 0.00045 0.0003 0.0C

The tolerances in this table are in conformance with ANSI ABMA Standard 20 - 1996.

. ) ) Omin + dnax
(Lyymin (the smallest single diameter of a bageigmax(the largest single diameter of a baighy fall outside limits showl.” 5 must be within bore diameter tabulated.

(@MM/MMV (P4S) tolerance.

ABMA SO Symbols - Inner Ring
Admp Single plane mean bore diameter deviation from basic bore
diameter, e.g., bore tolerance for a basically tapered bore,
dmprefers only to the theoretical small bore end of the bore

Kia  Radial runout of assembled bearing inner ring, e.g., radial
runout of raceway

VBs Inner ring width variation, e.g., parallelism

S Inner ring reference face runout with bore, e.g.,
squareness - bore to face

Sa Axial runout of assembled bearing inner ring, e.g., lateral
(axial) runout of raceway

ABs Inner ring width deviation from basic, e.g., width tolerance
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TABLE 45.
PRELOADED DUPLEX SET WIDTH TOLERANCE
WIDTH TOLERANCES Nominal Bore Width Tolerance (Duplex Set)
The width tolerances for individual inner and outer rings are show ABMA/'SO_ | UL 0 :
in the tables below. To allow for the preload grinding on bearing el ek h Min. ‘ h Min.
) . mm mm mm mm mm mm
for various preloads, the total width tolerances of duplex set: in. in. in. in. ‘ in. in.
are as shown in the table to the right. The total width tolerance is J>>° eyt oo :g:ggjﬁ pyoes YN
proportional to the number of bearings. Note the Timken values are 80.000 180.000 0.000 -0.760 0.000 -0.250
signi cantly tighter than ABMA/ISO requirements. fééffo ;5%8(?30 Oooggg Ologgg %%%%0 %215%0
7.0866 9.8425 0.0000 -0.03q4 0.0000 -0.0100
TABLE 46.
STANDARD ABEC/ISO TOLERANCES — OUTER RING
Cs
Bearing OutsideDETigmetéﬁ V\\Ifcc:i;h Ral(fze\l/vay Raiavay Facesaunout Wldjg g)élée;]ﬁmgs
o.D. +0.000 mm+0.0000 in. Variation Radial Runout Axial Runout With O.D. +O..0000 iy
ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO
Over‘ Incl. 5/P5 7/ 9/P2 5/P5 7/P4 9fF2 5/P5 7/P4 9/} 5/P5 T7/P4 9/ 5/P5‘ 7/P4‘ 9/ 5/P5, 7/P4, 9/BP
mm‘ mm mm mm | mm mm mm mm mm mm mm mm mm mm mm‘ mm‘ mm mm
n. n. n. n. n. n. n. n. n. n. n. n. n. n. n. n. n. n.
6.000\ 18.000 -0.005 -0,004 -0.0025 | 0.005 | 0.0025 0.0015 0.005 0.003 0.0015 | 0.008 o.ooj 0.00h5 0.008 0.004 0.0015
o.zseé 0.7087 -0.0002 -0.00015 -0.0001 0.0002 0.0001 [0.00005 0.0002 0.0001 0.00005 o.ooo$ o.odoz 0.00005 0.0003 0.00015 0.C
18.ood 30.000 -0.006 -0.005 +0.004 |0.005 | 0.0025 0.0015 0.006 0.004 0.0025 | 0.008 o.ooj 0.00?5 0.008 0.004 0.0015
0.708j 1.1811 -0.00025 |-0.0002| -0.00015 0.0002 0.0001 |0.00005 0.00025 0.00015 |0.0001 0.00d3 o.oboz 0.0001  0.0003 0.00015 O.(
30.ood 50.000 -0.007 -0.006 +0.004 |0.005 0.0025 0.0015 0.007 0.005 0.0025 | 0.008 0.003 0.00?5 0.008 0.004 0.0015
1.1811L 1.9685 -0/0003 10.0002| -0.00015 0.0002 0.0001 |0.00005 0.0003 0.0002 0.0001 0.0004 o.oobz 0.0001 0.0003 0.00015 0.0(
50.00d 80.000 -0.009 -0.007 {0.004 | 0.006 | 0.003 0.0015 0.008 0/005 0.004 |0.010 0.005\ 0.00{4 0.008 0.004 0.0015
1.968£+ 3.1496 -0.00035 -0.0003| -0.00015 0.00025 0.0001 | 0.00005 0.0003 0.0002 0.00015 0.00d4 o.oboz 0/00015 0.0003 0.00015 O.
80.ood 120.000 -0.010 -0.008 10.005 | 0.008 | 0.004 0.0025 0.010 0.006 (0.005 | 0.011 0.006\ o.ods 0.009  0.095 0.0025
3.1496 4.7244 -0/0004 10.0003| -0.0002 0.0003 0.00015 |0.0001] 0.0004 0.00025 0.0002 0.0004b 0.00b25 0/0002 0.00035 0.0002 O.(
120.00b 150.000 -0.011 -0.009 -0.005 | 0.008| 0.005 0.0025 0.011 0.007 [0.005 | 0.013 o.ooj o.ods 0.010 0.005 0.0025
4.7244 5.9055 -0.00045 10.00035 -0.0002 0.0003 0.0002 | 0.0001 0.00045 0.0003 D0.0002 o.ooo$ 0.0d03 0.0002 0.0004 0.0002 0.0
150.00b 180.000 -0.013 -0.010 -0.007 | 0.008| 0.005 0.0025 0.013 0.008 [0.005 | 0.014 o.ood 0.045 0.010 0.005 0.0025
5.905# 7.0866 -0.0005 10.0004| -0.0003 0.0003 0/0002 [0.0001| 0.0005 0.0003 0.0002 0.00053 o.oo¢3 0.0002 0.0004 0.0002 0.0C
180.00b 250.000 -0.015 -0.011 |-0.008 | 0.010| 0.007 0.004 0.015 0010 0.007 |0.015 0.010\ 0.0d7 0.011 0.007 0.004
7.0866 9.8425 -0.0006 -0.00045 -0.0003 0.0004 0.0003 [0.00015 0.0006 0.0004 0.0003 o.oood 0.00b4 0.0003 0.00045 0.0003 0.0(
250.00b 315.000 -0.018 -0.013 |-0.008 | 0.011| 0.007 0.005 0.018.000.010.018 0.010 0.007 d.013 \0.008 0.005
9.842£+ 12.4016 -0l0007 -0.0005| -0.0003 0.00045 0.0003 | 0.0002 0.0007 0.00045 0.0003 0.000? o.odo4 0.0003 0.0005 0.0003 0.0
315.00b 400.000 -0.020 -0.015 -0.010 | 0.013| 0.008 0.007 0.020 0.013 0.008 | 0.020 0.013\ 0.00\8 0.013 0.010 0.007
12.401k3 15.7480 -0.0008 |-0.0006/ -0.0004 0.0005 0.0003 | 0.0003 0.0008 0.0005 0.0003 o.oooé o.oobs 0.0003 0.0005 0.0004 0.0
The tolerances in this table are in conformance with ANSI ABMA Standard 20 - 1996.
(UDmin (the smallest single diameter of an Oghld Bhax (the largest single diameter of an Ofay fall outside limits Showﬁwﬂ must be within outside diameter tabulated.

(2)dentical to gs of inner ring of same bearing.
BMM/MMV (P4S) tolerance

ABMA SO Symbols - Outer Ring

Apmp Single plane mean outside diameter deviation from basic

outside diameter, e.g., O.D. tolerance

Kea
runout of raceway

Radial runout of assembled bearing outer ring, e.g., radial

Vcs  Outer ring width variation, e.g., parallelism

Sp  Outer ring reference face runout with O.D., e.g., squareness
O.D. to face

Sea Axial runout of assembled bearing outer ring, e.g., lateral
(axial) runout of raceway

Acs Outer ring width deviation from basic, e.g., width tolerance
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FITTING PRACTICES

GENERAL GUIDELINES FOR NON-FERROUS HOUSINGS
TAPERED ROLLER BEARINGS Care should be taken when pressing cups into aluminum or

The design of a tapered roller bearing permitssisiéing to be  magnesium housings to avoid metal pick up. This may result in
achieved during installation (or during running when using a Hydramsatisfactory ts, backing, and alignment from debris trapped
Rib), irrespective of the inner and outer ring ts on shaft and housinggetween the cup and backing shoulder. Preferably, the cup should
This allows the use of the widest possible machining tolerances fdre frozen or the housing heated, or both, during assembly. Also, a
shaft and housing and the use of the best possible ts for the inneapecial lubricant may be used to ease assembly. In some cases, cups
and outer rings to match the duty of the bearing. are mounted in steel inserts which are attached to the aluminum or
magnesium housings. Table ts may then be used. Where the cup
is tted directly into an aluminum housing, it is suggested that a
minimum tight t of 1.0 m per mm (0.0010 in. per in.) of cup outside
Type of layout. diameter be used. For a magnesium housing, a minimum tight t of 1.5
Type and direction of loads. m per mm (0.0015 in. per in.) of cup outside diameter is suggested.

The tting practice will depend upon the following parameters:

Precision class of the bearing.

Running conditions (vibrations, high speeds).
Shaft and housing sections and materials.

Mounting and setting conditions.

Certain table ts may not be adequate for light shaft and housing
sections, shafts other than steel, nonferrous housings, critical

operation conditions such as high speed, unusual thermal or loading
conditions or a combination thereof. Also assembly procedures and
the means and ease of obtaining the bearing setting may require
special ts. In these cases, experience should be used as a guideline
or your Timken representative should be consulted for review and
suggestions.

Precision class bearings should be mounted on shafts and in housings
which are similarly nished to at least the same precision limits as
the bearing bore and O.D. High-quality surface nishes should also
be provided.

In the machine tool industry, where almost 100 percent of cases are
rotating shaft applications, the general rule is to tight-t both the
inner and outer rings for simple layouts to eliminate any undesirable
radial clearance.

Tapered roller bearing envelope tolerances can be adjusted to the
needs of a speci ¢ application.
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PRECISION CLASS TAPERED ROLLER
BEARINGS

For heavy loads, high speed or shock, contact your Timken
The Hydra-Rib cup is designed to be mounted either as a anged CHEbresentative for further information.

or shouldered against the cup backface. The 50.000 mm (1.968 in.)
bore assembly does not have a anged cup and the cup backface
must be mounted against the housing shoulder.

TABLE 47.
SHAFT O.D. - CLASS C AND CLASS B
Bearing Bore Class C Class B
Range ] .
Bearing Shaft 8 Bearing Shaft n
Over Incl. Bore Tolerance Syprleich 0O.D. Deviation Rz Bore Tolerance Syl O.D. Deviation el P
mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in.
0.010 k5 +0.013 0.023T -0.08 k5 +0.013 0.021T
20000 =0:000 0.000 +0.002 0.002T 0.000 +0.002 0.002T
-0.0004 +0.0005 0.0009T -0.0003 +0/0005 0.0008T
AR Al 0.0000 +0.0001 0.0001T 0.0000 +0.,0001 0.0001T
-0.012 k5 +0.015 0.027T -0.009 k5 +0.015 0.024T
S Sl 0.000 +0.002 0.002T 0.000 +0.002 0.002T
-0.0005 +0.0006 0.0011T -0.0004 +0,0006 0.0010T
feless SRLARH 0.0000 +0.0001 0.0001T 0.0000 +0,0001 0.0001T
-0.015 k5 +0.018 0.033T -0.010 k5 +0.018 0.028T
g L 0.000 +0.003 0.003T 0.000 +0.003 0.003T
-0.0006 +0.0007 0.0013T -0.0004 +0/0007 0.0011T
Sy ol 0.0000 +0.0001 0.0001T 0.0000 +0.,0001 0.0001T
-0.018 k5 +0.021 0.039T -0.013 k5 +0.021 0.034T
1291500 e 0.000 +0.003 0.003T 0.000 +0.003 0.003T
-0.0007 +0.0008 0.0015T -0.0005 +0,0008 0.0013T
YRS [t 0.0000 +0.0001 0.0001T 0.0000 +0.,0001 0.0001T
-0.022 k5 +0.024 0.046T -0.015 k5 +0.024 0.039T
ergny ey 0.000 +0.004 0.004T 0.000 +0.004 0.004T
-0.0009 +0.0010 0.0018T -0.0006 +0/0010 0.0016T
U HE 0.0000 +0.0002 0.0002T 0.0000 +0.0002 0.0002T
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
TABLE 48.
HOUSING BORE - CLASS C AND CLASS B
Bearing O.D. Class C Class B
Range Bearin [ i i
[¢] Housing . Bearing Housing ;
Over Incl. O.D. Tolerance Symbol Bore Deviation Resultant Fit O.D. Tolerance Symbol Bore Deviation Resultant Fit
mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in.
0.000 M5 -0.023 0.023T 0.000 M5 -0.023 0.023T
L 120.000 5013 -0.008 0.005L -0.010 -0.008 0.002L
0.0000 -0.0009 0.0009T 0.000 0 -0/0009 0.0009T
SLk rE -0.0005 -0.0003 0.0002L -0.0004 -0,0003 0.0001L
0.000 M5 -0.027 0.027T 0.000 M5 -0.027 0.027T
e e -0.015 -0.009 0.006L -0.011 -0.009 0.002L
0.0000 -0.0011 0.0011T 0.0000 -0,0011 0.0011T
Sl R -0.0006 -0.0004 0.0002 -0.0004 -0.0004 0.0001L
0.000 M5 -0.027 0.027T 0.000 M5 -0.027 0.027T
L300 oo -0.018 -0.010 0.009L -0.013 -0.009 0.004L
0.0000 -0.0011 0.0011T 0.0000 -0.,0012 0.0011T
2lge S -0.0007 -0.0004 0.0004L -0.0005 -0/0004 0.0002L
0.000 M5 -0.031 0.031T 0.000 M5 -0.031 0.031T
LY 2L -0.020 -0.011 0.009L -0.015 -0.011 0.004L
0.0000 -0.0012 0.0012T 0.0000 -0.0012 0.0012T
(e S -0.0008 -0.0004 0.0004L -0.0006 -0/0004 0.0002L
0.000 M5 -0.036 0.036T - - - -
250.000 850000 -0.025 -0.013 0.012L - - - -
0.0000 -0.0014 0.0014T - - -
S Hoiack g -0.0010 -0.0005 0.0005L - - -
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
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ENGINEERING
FITTING PRACTICES

PRECISION CLASS TAPERED ROLLER
BEARINGS (EXCEPT HYDRA-RIB AND TXR

BEARINGS)
SUGGESTED FITTING GUIDELINES FOR FERROUS
SHAFT AND HOUSING

For heavy loads, high speed or shock, contact your Timken
representative for further information.

TABLE 49.
HOUSING BORE METRIC BEARINGS (ISO AND J PREFIX) - CLASS C
Bearing O.D. Class C
Range Tolerance Non-Adjustable Or In Carrier ‘ Floating Adjustable
Housing Bore Resultant Housing Bore Resultant Housing Bore Resultant
Over Inl. Symbol Deviation Fit Symbol Deviation Fit Symbal Deviation Fit
mm mm mm mm mm ‘ mm mm mm mm
in. in. in. in. in. in. in. in. in.
0.000 N5 -0.021 0.021T ‘ G5 +0.007 0.007L K5 -0.008 0.008T
18.000 30.000
-0.008 -0.012 0.004# +0.016 0.024L +0.001 0.009L
0.0000 -0.0008 0.00¢8T +0/0003 0.0003L -0.0003 0.0003T
0.7087 1.1811
-0.0003 -0.0004 0.00¢2T +0L0006 0.0009L +0.00004 0.0004L
0.000 N5 -0.024 0.024T ‘ G5 +0.009 0.009L K5 -0.009 0.009T
30.000 50.000
-0.009 -0.013 0.004'¢ +0.020 0.029L +0.002 0.011L
0.0000 -0.0009 0.00¢9T +0.00035 0.0004L -0.0004 0.0003T
1.1811 1.9685
-0.0004 -0.0005 0.00¢2T +0.0008 0.0011L +0.0001 0.0004L
0.000 N5 -0.028 0.028T ‘ G5 +0.010 0.010L K5 -0.010 0.010T
50.000 80.000
-0.011 -0.015 0.0041( +0.023 0.084L +0.003 0.014L
0.0000 -0.0011 0.00ilT +0,0004 0.0004L -0.0004 0.0004T
1.9685 3.1496
-0.00045 -0.0006 0.00bZT +0.0009 0.0013L +0.0001 0.0006L
0.000 N5 -0.033 0.033T ‘ G5 +0.012 0.012L K5 -0.013 0.013T
80.000 120.000
-0.013 -0.018 0.005# +0.027 0.040L +0.002 0.015L
0.0000 -0.0013 0.00i3T +0,0005 0.0008L -0.0005 0.0005T
3.1496 4.7244
-0.0005 -0.0007 0.00¢2T +0.0011 0.0016L +0.0001 0.0006L
0.000 N5 -0.039 0.039T ‘ G5 +0.014 0.014L K5 -0.015 0.015T
120.000 150.000
-0.015 -0.021 0.006# +0.032 0.047L +0.003 0.018L
0.0000 -0.0015 0.00iST +0,0006 0.0006L -0.0006 0.0006T
4.7244 5.9055
-0.0006 -0.0008 0.00¢2T +0.0013 0.0019L +0.0001 0.0007L
0.000 N5 -0.039 0.039T ‘ G5 +0.014 0.014L K5 -0.015 0.015T
150.000 180.000
-0.018 -0.021 0.003# +0.032 0.050L +0.003 0.021L
0.0000 -0.0015 0.00iST +0,0006 0.0006L -0.0006 0.0006T
5.9055 7.0866
-0.0007 -0.0008 0.00¢1T +0.0013 0.0020T +0.0001 0.0008L
0.000 N5 -0.045 0.045T ‘ G5 +0.015 0.015L K5 -0.018 0.018T
180.000 250.000
-0.020 -0.025 0.0051( +0.035 0.055L +0.002 0.027L
0.0000 -0.0018 0.00iST +0/0006 0.0006L -0.0007 0.0007T
7.0866 9.8425
-0.0008 -0.0010 0.00¢2T +0.0014 0.0022L +0.0001 0.0011L
0.000 N5 -0.050 0.050T ‘ G5 +0.017 0.017L K5 -0.020 0.020T
250.000 315.000
-0.025 -0.027 0.0021{ +0.040 0.065L +0.003 0.028L
0.0000 -0.0020 0.00#OT +0,0007 0.0007L -0.0008 0.0008T
9.8425 12.4016
-0.0010 -0.0011 0.00¢1T +0.0016 0.0023L +0.0001 0.0011L
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
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ENGINEERING

Bearing O.D.
Range Tolerance
Over Incl.
mm mm mm
in. in. in.
0.000
18.000 30.000
-0.006
0.0000
0.7087 1.1811
0.0002
0.000
30.000 50.000
-0.007
0.0000
1.1811 1.9685
-0.0003
0.000
50.000 80.000
-0.009
0.000
1.9685 3.1496
-0.0004
0.000
80.000 120.000
-0.010
0.000
3.1496 4.7244
-0.0004
0.000
120.000 150.000
-0.011
0.000
4.7244 5.9055
-0.0004
0.000
150.000 180.000
-0.013
0.000
5.9055 7.0866
-0.0005
0.000
180.000 250.000
-0.015
0.000
7.0866 9.8425
0.0006
0.000
250.000 315.000
-0.018
0.000
9.8425 12.4016
-0.0007

HOUSING BORE METRIC BEARINGS (ISO AND J PREFIX) - CLASS B

TABLE 50.

Non-Adjustable Or In Carrier

Symbol

M5

M5

M5

M5

M5

M5

M5

M5

Housing Bort
Deviation

mm
n.
-0.014
-0.005
-0.0006
-0.0002
-0.016
-0.005
-0.0006
-0.0002
-0.019
-0.006
-0.0008
-0.0002
-0.023
-0.008
0.0009
0.0003
-0.027
-0.009
-0.0011
-0.0004
-0.027
-0.009
-0.0011
-0.0004
-0.031
-0.011
-0.0012
-0.0004
-0.036
-0.013
-0.0014
-0.0005

Deviation from nominal (maximum) bearing bore and resultant t.

T= Tight
L = Loose

FResultant F
mm
in.
0.014T
0.001L
0.000
0.000
0.016T
0.002L
0.000
0.00¢
0.019T
0.003L
0.000
0.00!
0.023T
0.002L
0.000
0.000
0.027T
0.002L
0.001
0.00(
0.027T
0.004L
0.001
0.00
0.031T
0.004L
0.00L
0.000
0.036T
0.005L
0.00L
0.00

t

1T
2L

2T
2L

AT
2L

Symbol

G5

G5

G5

G5

G5

G5

G5

G5

Class B

Floati
Housing Bort
Deviation
mm
in.

+0.007

+0.0

+0

+0
+0.009

+0.0

+0

+0
+0.010

+0.0

+0.

+0
+0.012

+0.0

+0.

+0
+0.014

+0.0

+0,

+0
+0.014

+0.0

+0.

+0
+0.015

+0.0

+0.

+0
+0.017

+0.0

+0.

+0

ng
e ReT:l;tItant Symbol
mm
in.
0.007L K5
16 0.022L
0003 0.0003L
.0006 0.0009L
0.009L K5
20 0.027L
0004 0.0004L
0008 0.0011L
0.010L K5
23 0.082L
0004 0.0004L
0009 0.0013L
0.012L K5
27 0.0B7L
0005 0.0004L
0011 .0015L
0.014L K5
32 0.043L
0006 0.0006L
0013 0.0017L
0.014L K5
32 0.045L
0006 0.0006L
0013 0.0018L
0.015L K5
35 0.050L
0006 0.0006L
0014 .0020L
0.017L K5
40 0.058L
0007 0.0007L
0016 0.0023L

FITTIN

Adjus

Housing Bort
Deviation

mm
in.
-0.008

-0.009

-0.010

-0.013

-0.015

-0.015

-0.018

-0.020

G PRACTICES
table
e Resultant
Fit
mm
in.
0.008T
0.001 0.007L
-0.0003 0.0003T
+0.00004 0.0003L
0.009T
0.002 0.009L
-0.0004 0.0004T
+0.0001 0.0004L
0.010T
0.003 0.012L
-0.0004 0.0004T
+0.0001 0.0005L
0.013T
0.002 0.012L
-0.0005 0.0005T
+0.0001 0.0005L
0.015T
0.003 0.012L
-0.0006 0.0006T
+0.0001 0.0005L
0.015T
0.003 0.016L
-0.0006 0.0006T
+0.0001 0.0006L
0.018T
0.002 0.017L
-0.0007 0.0007T
+0.0001 0.0007L
0.020T
0.003 0.021L
-0.0008 0.0008T
+0.0001 0.0008L
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ENGINEERING
FITTING PRACTICES

TABLE 51.
HOUSING BORE INCH BEARINGS (ISO AND J PREFIX) - CLASS 3 AND O
Bearing O.D. Class 3 a0
Range Tolerance Non-Adjustable Or In Carrier Floating Adjustable
Over Incl Housing Resultant Housing Resultant Housing Resultant
’ Bore Deviation Fit Bore Deviation Fit Bore Deviation Fit
mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in.
152,400 +0.013 -0.013 0.026T +0.025 0.012L 0.000 0.013T
' 0.000 0.000 0.000 +0.038 0.038L +0.013 0.013L
6.0000 +0.0005 -0.0005 0.0010T +0.0010 0.0005L 0.000 0.0005T
' 0.0000 0.0000 0.0000 +0.0015 0.0015L +0.0005 0.0005L
+0.013 -0.025 0.038T +0.025 0.012L 0.000 0.013T
152.400 304.800
0.000 0.000 0.000 +0.038 0.038L +0.025 0.025L
+0.0005 -0.0010 0.0015T +0.0010 0.0005L 0.0000 0.0005T
6.0000 12.0000
0.0000 0.0000 0.0000 +0.0015 0.0015L +0.0010 0.0010L
+0.025 -0.025 0.050T +0.038 0.013L 0.000 0.025T
304.800 609.600
0.000 0.000 0.000 +0.064 0.064L +0.025 0.025L
+0.0010 -0.0010 0.0020T +0.0015 0.0005L 0.0000 0.0010T
12.0000 24.0000
0.0000 0.0000 0.0000 +0.0025 0.0025L +0.0010 0.0010L
+0.038 -0.038 0.076T +0.051 0.013L ,0000 0.038T
609.600 914.400
0.000 0.000 0.000 +0.089 0.089L +0.038 0.038L
+0.0015 -0.0015 0.0030T +0.0020 0.0005L 0.0000 0.0015T
24.0000 36.0000
0.0000 0.0000 0.0000 +0.0035 0.0085L +0.0015 0.0015L

(IClass O made only to 304.800 mm (12.0000 in.) O.D.
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight

L = Loose
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TABLE 52.
HOUSING BORE INCH BEARINGS - CLASS A AND AA
Bearing O.D. Class A and AA
Range Tolerance Non-Adjustable Or In Carrier Floating Adjustable
Over Incl Housing Resultant Housing Resultant Housing Resultant
’ Bore Deviation Fit Bore Deviation Fit Bore Deviation Fit
mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in.
-0.000 -0.016 0.016T +0.008 0.008L -0.008 0.008T
0.000 315.000
-0.008 -0.008 0.000 +0.016 0.024L -0.000 0.008L
-0.0000 -0.0006 0.0006T +0.0003 0.0003L -0.0003 0.0003T
0.0000 12.4016
-0.0003 -0.0003 0.0000 +0.0006 0.0009L -0.0000 0.0003L
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
TABLE 53.
HOUSING BORE INCH BEARINGS - CLASS 00 AND 000
Bearing O.D. Class 00 and 000
Range Tolerance Non-Adjustable Or In Carrier Floating Adjustable
Over Incl Housing Resultant Housing Resultant Housing Resultant
' Bore Deviation Fit Bore Deviation Fit Bore Deviation Fit
mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in.
+0.008 -0.008 0.016T +0.015 0.007L 0.000 0.008T
0.000 304.800
0.000 0.000 0.000 +0.023 0.023L +0.008 0.008L
+0.0003 -0.0003 0.0006T +0.0006 0.0003L 0.0000 0.0003T
0.0000 12.0000
0.0000 0.0000 0.0000 +0.0009 0.0009L +0.0003 0.0003L
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose

ENGINEERING

FITTING PRACTICES
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ENGINEERING
FITTING PRACTICES

Bearing Bore

Range
Over
mm

in.

10.000

0.3937

18.000

0.7087

30.000

1.1811

50.000

1.9685

80.000

3.1496

120.000

4.7244

180.000

7.0866

250.000

9.8425

Incl.
mm

in.

18.000

0.7087

30.000

1.1811

50.000

1.9685

80.000

3.1496

120.000

4.7244

180.000

7.086

250.000

9.8425

315.000

12.4016

SHAFT O.D. METRIC BEARINGS (ISO AND J PREFIX) - CLASS C AND CLASS B

Bearing Bore
Tolerance

mm
n.
-0.007
0.000
-0.0003
0.0000
-0.008
0.000
-0.0003
0.0000
-0.010
0.000
-0.0004
0.0000
-0.012
0.000
-0.0005
0.0000
-0.015
0.000
-0.0006
0.0000
-0.018
0.000
-0.0007
0.0000
-0.022
0.000
-0.0009
0.0000
-0.022
0.000
-0.0009
0.0000

Symbol

k5

k5

k5

k5

k5

k5

k5

k5

TABLE 54.
Class C
Shaft O.D. Resultant
Deviation Fit
mm mm
in. in.
+0.009 0.016T
+0.001 0.001T
+0.0004 0.0006T
+0.00004 0.00004T
+0.011 0.019T
+0.002 0.002T
+0.0005 0.0007T
+0.0001 0.0001T
+0.013 0.023T
+0.002 0.002T
+0.0005 0.0009T
+0.0001 0.0001T
+0.015 0.027T
+0.003 0.002T
+0.0006 0.0011T
+0.0001 0.0001T
+0.018 0.033T
+0.003 0.003T
+0.0007 0.0013T
+0.0001 0.0001T
+0.021 0.039T
+0.003 0.003T
+0.0008 0.0015T
+0.0001 0.0001T
+0.024 0.046T
+0.004 0.004T
+0.0009 0.0018T
+0.0002 0.0002T
+0.027 0.049T
+0.004 0.004T
+0.0011 0.0019T
+0.0002 0.0002T

Deviation from nominal (maximum) bearing bore and resultant t.

T= Tight
L = Loose

Bearing Bore
Tolerance

-0.0002

-0.006
0.000

-0.0002

0.00!
-0.008
0.000

00

-0.0003

0.00
-0.009
0.000

00

-0.0004

0.00!
-0.010
0.000

00

-0.0004

0.00!
-0.013
0.000

00

-0.0005

0.00!
-0.015
0.000

00

-0.0006

0.00!
-0.015
0.000

00

-0.0006

0.00!

00

Symbol

k5

00

k5

k5

k5

k5

k5

k5

k5
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Class B

Shaft O.D.
Deviation

+0.011
+0.00
+0

+0.

+0.013
+0.00
+0
+0

+0.015
+0.00:
+0

+0,

+0.018
+0.00
+0

+0,

+0.021
+0.00
+0

+0,

+0.024
+0.00:
+0

+0,

+0.027
+0.00
+0

+0,

Resultant
Fit
mm
in.
0.014T
1 0.001T
0004 0.0006T
00004 0.00004T
0.017T
2 0.002T
0004 0.0007T
0001 0.0001T
0.021T
2 0.002T
0005 0.0008T
0001 0.0001T
0.024T
2 0.002T
0006 0.0009T
0001 0.0001T
0.028T
3 0.003T
0007 0.0011T
0001 0.0001T
0.034T
3 0.003T
0008 0.0013T
0001 0.0001T
0.039T
4 0.004T
0009 0.0015T
0002 0.0002T
0.042T
4 0.004T
0011 0.0017T
0002 0.0002T




ENGINEERING
FITTING PRACTICES

TABLE 55.
SHAFT O.D. METRIC BEARINGS (ISO AND J PREFIX) - CLASS A AND AA
Bearing Bore Class A And AA
Range i
2 SR [Eee Symbol Shaf_t OD Resultant Fit
Over Incl. Tolerance Deviation
mm mm mm mm mm
in. in. in. in. in.
-0.005 k4 +0.006 0.011T
10.000 18.000
0.000 +0.001 0.001T
-0.0002 +0.0002 0.0004T
0.3937 0.7087
0.0000 +0.00004 0.00004T
-0.006 k4 +0.008 0.014T
18.000 30.000
0.000 +0.002 0.002T
-0.0002 +0.0003 0.0006T
0.7087 1.1811
0.0000 +0.0001 0.0001T
-0.008 +0.013 0.021T
30.000 315.000
0.000 +0.005 0.005T
-0.0003 +0.0005 0.0008T
1.1811 12.4016
0.0000 +0.0002 0.0002T
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
TABLE 56.
SHAFT O.D. INCH BEARINGS - CLASS 3 AND 0 « CLASS 00 AND 000
Bearing Bore Class 3 AntH0 Class 00 And 000
Range Bearing Bore Shaft O.D. Resultant B?g{é?gnigre Shaft O.D. Resultant
Over Incl. Tolerance Deviation Fit m (0.0001 In.) Deviation Fit
mm mm mm mm mm mm
in. in. in. in. in. in.
0.000 +0.030 0.030T 0.000 +0.020 0.020T
- 304.800
+0.013 +0.018 0.005T +0.008 +0.013 0.005T
12.0000 0.0000 +0.0012 0.0012T 0.0000 +0,0008 0.0008T
' +0.0005 +0.0007 0.0002T +0.0003 +0,0005 0.0002T
0.000 +0.064 0.064T - - -
304.800 609.600
+0.025 +0.038 0.013T
0.0000 +0.0025 0.0025T - — —
12.0000 24.0000
+0.0010 +0.0015 0.0005T
0.000 +0.102 0.102T - - -
609.600 914.400
+0.038 +0.064 0.026T
0.0000 +0.0040 0.0040T - - -
24.0000 36.0000
+0.0015 +0.0025 0.0010T

(AClass O made only to 304.800 mm (12.0000 in.) O.D.

Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
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ENGINEERING
FITTING PRACTICES

PRECISION CLASS TAPERED ROLLER

BEARINGS
For heavy loads, high speed or shock, contact yiomken
representative for further information.
TABLE 57.
SHAFT O.D. METRIC BEARINGS - CLASS S+ CLASS P
Bearing Bore Class S Class P
Range Max. Min. Max. Min.
Over Incl.
mm mm mm mm mm mm
in. in. in. in. in. in.
- 50.000 0.020T 0.007T 0.014T 0.004T
- 1.9685 0.0008T 0.0003T 0.0006]T 0.0002T
50.000 80.000 0.025T 0.010T 0.017T 0.004T
1.9685 3.1496 0.0010T 0.0004T 0.0007T 0.0002T
80.000 120.000 0.033T 0.013T 0.017T 0.004T
3.1496 4.7244 0.0013T 0.0005T 0.0007T 0.0002T
120.000 180.000 0.052T 0.027T 0.017T 0.004T
4.7244 7.0866 0.0021T 0.0011T 0.0007T 0.0002T
180.000 250.000 0.060T 0.030T 0.020T 0.004T
7.0866 9.8425 0.0024T 0.0012T 0.0008T 0.0002T
250.000 315.000 0.070T 0.035T 0.022T 0.004T
9.8425 12.4016 0.0028T 0.0014T 0.0009T 0.0002T
315.000 400.000 0.077T 0.037T 0.024T 0.004T
12.4016 15.7480 0.0030T 0.0015T 0.0009T 0.0002T
400.000 500.000 0.085T 0.040T 0.030T 0.004T
15.7480 19.6850 0.0034T 0.0016[T 0.0012T 0.0002T
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
TABLE 58.
HOUSING BORE METRIC BEARINGS - CLASS S+ CLASS P
Bearing O.D. Class S Class P
Range Max. Min. Max. Min.
Over Incl.
mm mm mm mm mm mm
in. in. in. in. in. in.
- 50.000 0.020T 0.007T 0.014T 0.004T
- 1.9685 0.0008T 0.0003T 0.0006]T 0.0002T
50.000 80.000 0.025T 0.010T 0.017T 0.004T
1.9685 3.1496 0.0010T 0.0004T 0.0007T 0.0002T
80.000 120.000 0.033T 0.013T 0.017T 0.004T
3.1496 4.7244 0.0013T 0.0005T 0.0007T 0.0002T
120.000 180.000 0.052T 0.027T 0.017T 0.004T
4.7244 7.0866 0.0021T 0.0011T 0.0007T 0.0002T
180.000 250.000 0.060T 0.030T 0.020T 0.004T
7.0866 9.8425 0.0024T 0.0012T 0.0008T 0.0002T
250.000 315.000 0.070T 0.035T 0.022T 0.004T
9.8425 12.4016 0.0028T 0.0014T 0.0009T 0.0002T
315.000 400.000 0.077T 0.037T 0.024T 0.004T
12.4016 15.7480 0.0030T 0.0015T 0.0009T 0.0002T
400.000 500.000 0.085T 0.040T 0.030T 0.004T
15.7480 19.6850 0.0034T 0.0016]T 0.0012T 0.0002T
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
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TABLE 59.

SHAFT O.D. INCH BEARINGS - CLASS 3« CLASS 0

Max.

mm
n.
0.037T
0.0015T
0.077T
0.0030T
0.114T
0.0045T
0.152T
0.0060T
0.191T
0.0075T

Class 3 Class 0

Min. Max. Min.

n. n. n.
0.013T 0.020T 0.007T
0.0005T 0.0008T 0.0003T
0.025T 0.037T 0.013T

0.0010T| 0.0015T 0.0005T
0.037T -

0.0015T| -
0.051T -
0.0020T| -
0.064T -
0.0025T -

Deviation from nominal (maximum) bearing bore and resultant t.

TABLE 60.

HOUSING BORE INCH BEARINGS - CLASS 3+ CLASS 0

Max.

mm
n.
0.037T
0.0015T
0.077T
0.0030T
0.114T
0.0045T
0.152T
0.0060T
0.191T
0.0075T

Class 3 Class 0

Min. Max. Min.

n. n. n.
0.013T 0.020T 0.007T
0.0005T 0.0008T 0.0003T
0.025T 0.037T 0.013T

0.0010T| 0.0015T 0.0005T
0.037T -

0.0015T| -
0.051T -
0.0020T| -
0.064T -
0.0025T -

Deviation from nominal (maximum) bearing bore and resultant t.

Range
Over Incl.
mm mm
in. in.
- 304.800
- 12.0000
304.800 609.600
12.0000 24.0000
609.600 914.400
24.0000 36.0000
914.400 1219.200
36.0000 48.0000
1219.200 =
48.0000 —
T= Tight
L = Loose
Bearing O.D.
Range
Over Incl.
mm mm
in. in.
- 304.800
- 12.0000
304.800 609.600
12.0000 24.0000
609.600 914.400
24.0000 36.0000
914.400 1219.200
36.0000 48.0000
1219.200 -
48.0000 —
T= Tight
L = Loose
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ENGINEERING

SHAFT AND HOUSING CONSIDERATIONS

SHAFT AND HOUSING
CONSIDERATIONS
TAPERED ROLLER BEARINGS

the seats of bearing rings.

Cylindricity of each seat. Cylindricity includes the taper,
roundness and other form characteristics of the seat.

Coaxiality of the inner ring seats on the spindle and coaxiality
of the outer ring seats in the housing. Coaxiality includes offset
misalignment and angular misalignment between seats.

Angularity of each bearing ring seat. This is a consideration
when an inner ring seat is tapered.

The following two characteristics apply to the shoulders corresponding
to each bearing seat.
Perpendicularity(squareness) of each shoulder to its
corresponding bearing seat, or as a more practical measure,
perpendicularity of each shoulder to the spindle or housing
centerline established from the two bearing seats.

Flatnessof each shoulder. A practical way of assessing the
combined perpendicularity and atness of each shoulder is to
measure the total runout of the shoulder relative to the spindle
or housing centerline. The runout of the face of the adjusting
nuts, if used, should also be measured.

The tolerances to which these characteristics should be held are
dependent upon the class, size and application of the beéming.
general, these tolerances should be no greater than thierndteator
reading (T.I.R.) of the assembled bearing.

Some of the characteristics can be dif cult to measure precisely. The

individual user may elect to measure a subset of these characteristics
(roundness and taper as an alternative to cylindricity). The individual
user must determine the degree of effort and expense to be invested
in the measurements. That determination should be based on the
intended application of the bearing and the level of con dence in the

machining process employed to manufacture the spindle and housing.
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All Sizes

Shaft - Ra

Housing - Ra

TABLE 61.
SUGGESTED TAPERED ROLLER BEARING SHAFT

AND HOUSING FINISHES

pm
uin
0.8
32
1.6

63

Bearing Class

B
0
pm
uin
0.6
24
0.8

32

A
00
pm
uin
0.4
16
0.6

24

SURFACE FINISHES — PRECISION BEARINGS

Precision class bearings should be mounted on shafts and in housings
In general, machining bearing seats and shoulders in spindles ankat are nished to at least the same precision limits as the bearing
housings requires careful consideration of the following form antbore or outside diameter.

orientation characteristics. The rst four characteristics apply tOFurthermore, high-quality surface finishes together with close

machining tolerances of bearing seats also must be provided. The
Circularity (roundness) of each seat at every cross section.  following tabulations give some guidelines for all these criteria.

000
pm
uin

0.2

0.4

16



ENGINEERING

SHAFT AND HOUSING CONSIDERATIONS

BALL BEARINGS

SHAFT FITS
. . Under normal conditions of rotating shaft, the outer ring is stationary
The main purpose of the shaft tis to assure a proper attachment o . . .
. . . . and should be mounted with a hand push to a light tapping t.
the inner ring to the shaft. Under normal conditions of shaft rotatio, . .
hould the housing be the rotating member, the same fundamental

aloosely tted inner ring will creep on the shaft, leading to wear an . . ) . . .
. . . . . Cé)n3|derat|ons apply in mounting the outer ring as in the case of
fretting. This condition will be further aggravated by increase of loa

. L . ) gn inner ring mounted on a rotating shaft. Contact your Timken

or speed. To prevent creeping or slipping, the inner ring should be . . . .
) _ fepresentative for outer ring rotation requirements.

mounted rmly in place and held securely against the shaft shoulder.
However, it is important that the shaft t should not result in any und#s @ general rule, the minimum housing bore dimension for super
tightening of the bearing. An excessive interference t of the bearingrecision ball bearings may be established as the same as the
bore with the shaft could result in a proportionate expansion of tHeaximum bearing outside diameter. If the bearing O.D. tolerance
bearing inner ring which could disturb the internal t of the bearindgs 0-008 mm (0.0003 in.), the maximum housing bore should be
and lead to heating and increased power consumption. established as 0.008 mm (0.0003 in.) larger than the minimum housing
re dimensions.

HOUSING FITS

As a general rule, it is suggested that the shaft size and tolerance Poor
seating super precision ball bearings (ABEC 7/1SO P4 and ABEC 9/ TABLE 63.

ISO P2) be the same as the bearing bore. In the case of HOUSING BORE FIT EXAMPLE: MMV (ABEC 7/ISO P4)
preloaded bearings, the suggested shaft t is line-to-line, since Outside
an excessively tight fit expands the bearing inner ring an Diameter
increases the bearing preload, which can lead to overheatin¢ max ‘ Min. Max. ‘

For example, a duplex pair of 2MM9111WI DUL bearings W mm ‘ mm mm ‘

16 kg (35 Ibs.) built-in preload, when mounted on a shaft that proviae 3 in

an interference t of 0.010 mm (0.0004 in.), will increase the preloaﬁo'ooo‘ 89.99¢ 90-407 90
to approximately 86 kg (180 Ibs.), which could result in elevatedz.5433‘ 3.5430 3.%436 3.5433
operating temperatures.

Resulting

AU el Mounting Fit

Average Fit

Min. Loos% Tight Loo#e Loose
mm mm mm mm

in. in. in in in
000 0.006 0.006

4}.015 0.000 ‘
‘ 0.0006 0.000#) 0.0003 0.00(

TABLE 62. Tables covering suggested shaft and housing seat dimensions for
SHAFT FIT EXAMPLE: MMV (ABEC 7/1SO P4) super precision (ABEC 7/ISO P4) ball bearings are shown with part
Bore Size Shaft Diameter Resulting Mounting Fit numbers in the product pages.
Max ‘ Min. Max. ‘ Min. Loose ‘ Tight To accomplish the optimum mounting condition, it is important
mm ‘ mm mm ‘ mm mm ‘ mm to follow the tabulated tolerances, except when deviations are
n n. - . - . suggested by your Timken representative. It is equally important
55.000 ‘ 54.994 55.oob 54.994 o.#o4 0.006 _ .
that all shaft and housing shoulders be square and properly relieved
2.1654 ‘ 2.1651 2-16%54 2.1651 boooz 0.04e3assure accurate seating and positioning of the bearings in the
mounting.

On high-speed applications where nearby heat input is along the
shaft, it is extremely important that the oating bearings can move
axially to compensate for thermal changes. Ball bearings cannot
oat axially if they are restricted by tight housing bores or by the
radial expansion of the bearing itself due to temperature differentials.
Therefore, in such cases, the suggested housing mounting t for the
oating bearings is slightly looser than the tabulated average t.

Likewise, in spring-loaded ball bearing applications, the housing
mounting t must be free enough to permit axial movement of the
bearings under the spring pressure during all conditions of operation.
The suggested housing dimensions to ensure proper “ oat” of the
bearings under average conditions are listed in the product pages.
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SHAFT AND HOUSING TOLERANCES
SHAFT GEOMETRY REQUIREMENTS

Lje]e

o o
S R
Ol u |
Ol u 0|2 1A
Fig. 69. Shaft Tolerances.
TABLE 64.
DEFINITION OF TOLERANCE SYMBOLS
o Sy i ABECM7V(ISO P4) ABE'\éN;\I/E;'\?I,\SAO P4S) - g/l)((lso P2)
Roundness (o) t1 IT2 IT1 ITO
Parallelism /1 t2 IT2 IT1 ITO
Squareness 1 t3 IT2 IT1 ITO
Concentricity o t4 IT3 IT2 IT2
Surface Finish Ra 16 (pin.) or 0.4 pm
TABLE 65.
SHAFT SURFACE FINISH SPECIFICATIONS
Shaft Journal Shaft Journal
Diameter (d) Units — Micrometer (um) Diameter (d) Units — Microinches (pin.)
mm mm
> ITO IT1 IT2 IT3 > ITO IT1 IT2 IT3
— 10 0.6 1.0 15 25 — 10 20 40 60 100
10 18 0.8 1.2 2.0 3.0 10 18 30 50 80 120
18 30 1.0 15 2.5 4.0 18 30 40 60 100 160
30 50 1.0 15 25 4.0 30 50 40 60 100 160
50 80 1.2 2.0 3.0 5.0 50 80 50 80 120 200
80 120 15 25 4.0 6.0 80 120 60 100 160 240
120 180 2.0 35 5.0 8.0 120 180 80 140 200 310
180 250 3.0 45 7.0 10.0 180 250 120 180 280 390
250 315 — 6.0 8.0 12.0 250 315 — 240 310 470

Reference 1SO 286.
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SHAFT AND HOUSING CONSIDERATIONS

HOUSING GEOMETRY REQUIREMENTS
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Fig. 70. Housing Tolerances.

TABLE 66.
DEFINITION OF TOLERANCE SYMBOLS

DesElgien Sl To\l/zrligce ABECM7V(ISO P4) ABE,\él\/;\//E;,\élll\SAO P4S) ABEg,\S/)DEISOPZ)

Roundness (o) 1 IT2 IT1 ITO

Parallelism /1 t2 IT2 IT1 ITO
Squareness 1 t3 IT2 IT1 ITO
Concentricity o t4 IT3 IT2 IT2
Surface Finish Ra 16 (uin.) or 0.4 pm

TABLE 67.
HOUSING SURFACE FINISH SPECIFICATIONS

Housing Journal
Diameter (D)

mm

>

10 18
18 30
30 50
50 80
80 120
120 180
180 250
250 315
315 400

Reference 1SO 286.

ITO
0.8
1.0
1.0
1.2
15
2.0
3.0
35

4.5

Units — Micrometer (um)

IT1 IT2
1.2 2.0
15 25
15 25
2.0 3.0
25 4.0
35 5.0
4.5 7.0
6.0 8.0
6.0 8.0
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IT3
3.0
4.0
4.0
5.0
6.0
8.0
10.0
12.0

12.0

Housing Journal
Diameter (D)

mm
>

10 18
18 30
30 50
50 80
80 120
120 180
180 250
250 315
315 400

ITO
30
40
40
50
60
80
120
140

180

Units — Microinches (pin.)

IT1 IT2
50 80
60 100
60 100
80 120
100 160
140 200
180 280
240 310
240 310

IT3
120
160
160
200
240
310

390
470

470
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MOUNTING DESIGNS

MOUNTING DESIGNS

Obtaining good spindle accuracy depends not only on selecting tighaft shoulders and housing shoulders should be square and
proper precision bearings but also on the following factors: true, and should be of such diameters as to meet the suggestions
Good design and machining of the components that support shown with the part numbers given. The choice between llets

the bearing (roundness and alignment of the seats, squarenesand undercut reliefs rests with the individual shagsign and
of backing shoulders of both the spindle and the housing, and conditions surrounding its normal use. Suggested housing geometry
surface nish). requirements are discussed on pages 83 and 85.

Correct use of information given on bearings. Where screws are used to fasten end caps into the main housing,

Correct tting practices. adequate section should be left between the screw hole and the
Appropriate bearing setting. housing bore. This is required to prevent distortion of the housing
é)é)re when the screws are tightened and the covers or others parts

Selection of the most appropriate mounting design is largely dictat: 2%e pulled tightly into place.

by optimizing the stiffness, speedability and ease of assembly.
Prior to assembly, shafts and housings, as well as all lubricant holes

DESIGN AND ACCURACY OF MOUNT I mhgchannels, should be cleaned thoroughly to remove all chips and
SURFACES particles that may be carried by the lubricant into the bearings and

cause bearing damage.
The total runout of a spindle-bearing-housing system is a combination
of the runout of each component. A precision bearing will assume

the shape of the spindle and perpetuate whatever runout is presel{OUSING SEALS
If the runout is caused by a defective housing, the spindle and

bearing will simply transmit the error to the workpiece. Thereforé\ labyrinth combination of slinger and end cover provides a highly
particular attention needs to be paid to the design and accuracy effective seal against the intrusion of foreign matter. This seal is
the mounting surfaces. suggested for use over a wide range of speeds. For slower-speed

The primary function of the inner or outer ring seat and abutmefPPlications, a combination of slinger and a commercial contact-type
is to positively establish the location and alignment of the bearirfggal is usually employed.

under all loading and operating conditions. To achieve optimug]ingers should be machined all over to assure true-running. Their
bzarlng perLormance, |td|s e(sjsennal t9 de|.5|gn hous!nhg Eeats. ar?Inqameters should be concentric with the bore. The outside diameter of
abutments that are round and square in alignment with the splnd“(]se slinger is often tapered to throw off cutting compounds, coolants,

axis. Shoulders must be of suf cient section and design to resist axia . . L . .
de ection under load. The shoulder diameters should be respecteecfc" from the point at which such liquids may enter the spindle. A drip
to help obtain optimum bearing performance or run-off groove adjacent to the open lip of the end cover is highly

desirable and practical.

HOUSING DESIGN The axial clearances of the internal faces between slinger and end
Housings are usually made of cast iron or steel and are generaﬁ?ver should be about 1.600 mm (0.0629 in.). The rstradial clearance

heat-treated to lessen possible distortion. For smaller high-spe&P€ning on any design through which liquid may passictim

The bore of the housing should be ground or bored and checkedrg{]IIaI clearances should be between 0.380 mm (0.014%n.)

a number of points throughout its length and diameter to ensure th%flgo mm (0.0075 in.).
it is round and does not taper.

It is preferable to mount the bearings in one casting; this permiSHAFTS
machining the two housing bores in one setting, as well as accurate
alignment of the bearings. Shafts are preferably made from hardened and ground steel; and,

In many cases of machine design, it is advantageous to emplo;}"@ere suitable, a hardness of 45-50 HRC has been successful.
subhousing or a steel sleeve between the outer ring of the beariyhen designing a spindle or shaft, it is highly desirable to plan so
and the machine frame, thus allowing assembly of the bearings #tat it can be ground all over in one setting as a nal operation. This
the shaft and insertion of the entire unit into the machine frame. Thigomotes true balance and running accuracy, which are critical in
method also provides a surface of proper hardness where machimégh-speed applications. Suggested shaft geometry can be found
frames are made of a material that has a low Brinell value, such aa pages 84 and 85.

aluminum and other soft metals.
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\«) \~J \v~J

2 spacirs
: : I'h

Fig. 71.
Locking devices. j

i i Lﬁ,
Zsc/;ws _‘ Soft méal shoe _‘ Nut Ioog tted

spaced on thread
180 apart

LOCKING DEVICES

In most cases, simple 2TS(F) spindle layouts are adjusted by correct

<,
positioning of the tail bearing cone. A commonly used device is a Locking precision nut
precision adjusting nut. A locking device must be provided to properly

maintain the nut after setting: either axially by means of two screws <

180 degrees opposite pinching the threads (Fig. 71a), or radially by “ -E"
pressure of a screw on a soft metal shoe (Fig. 71b). =y

For improved accuracy, a ground spacer in conjunction with a squaréone seat /
ground spindle shoulder and a locking precision nut also can be used

(Fig. 70). Good parallelism of the ground spacer faces as well as the /

squareness of the sperdIe shoqlder will ensqre a perfect positioning of Spindle shouldé \ pacer

the cone backface. This mounting con guration also offers assurance

that the initially de ned setting cannot be interfered with by the nal ) ] ]
user. Fig. 71c shows two different solutions with ground spacerg;g'crsi')#ﬁmgfgrr?muB?of‘,gzcgécﬁgcsy?'ndle shoulder together with a
Note the practicality of the above centerline solution, which allows

the spacer to both increase or decrease the initial setting.

A well-known method of providing good spindle alignment,
roundness and backing squareness is to grind the cone seats and
the backing shoulders during the same operation (Fig. 73). In this Grinding
- . - Adjusting nut | wheel
method, the grinding of the square backing of the adjusting nut (li
any) also can be achieved by locking the nut on its thread. This |
eliminates any possible default of the nut due to internal thread
clearance.

Grinding wheel travel

Fig. 73. Grinding of cone shaft and backing shoulders.
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MOUNTING DESIGNS

TAPERED ROLLER BEARINGS THREE-SUPPORT MOUNTING
Tapered roller bearings are generally used in two fundamental spind[l_x?g_ 74 shows the “box type” mounting using three bearings. The two
design con gurations: nose bearings are located axially ( xed position) and accept axial

Three-support mountings for heavily loaded or long spindles. forces in both directions, while the tail bearing is tted as a oating
position to accommodate the thermal expansion of the spindle. The
oating position can be supported either by a tapered roller bearing or
a cylindrical roller bearing.

Simple mounting of two single-row bearings.

This kind of arrangement is mainly used for special heavy machines
running at low or medium speeds, or for long spindle designs.

ﬁj E H=1— 2
\\\ \,',\
T \ /
= =7
:| ,///
— —— - ’/
Fig. 74. “Box-type” mounting with a TDO at the oating position. 1
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SIMPLE MOUNTING !

The evolution of two single-row bearing arrangements for spindles,
discussed below, is directly related to the speed requirements and, - // - ! I
consequently, the lubrication modes (see page 41). //

I

I

|

|

|

=

|

.
T

-—--
1
1
1
1
F==F-1

TS and TSF Arrangement | If

The spindle is supported by one bearing at the nose position and a //

second one at the tail position. This layout offers the advantage of being T i Gl
! m=2 I = I

a simple isostatic design that allows easy machining of adjacent parts. i ——— | e f— ] ]

The mounting and setting procedures can be achieved without any // i
speci ¢ tooling.

. . . ) . Fig. 76. Simple paired TS mounting with oil inlet at the small end of
Static stiffness calculations of the spindle-bearing system allowhe rollers.

the optimum bearing spread to be determined precisely for each
mounting, as a function of the overhung value of the spindle nose. /'/

[ p—— Y /! —_— < ——

Fig. 75. Simple mounting with a pair of TS or TSF bearings. Fig. 77. Simple paired TS mounting with oil jets at both ends of the
rollers for inlet and cooling.

A good approximation, however, is to consider that the distance
between bearing centers should be of two and a half to three times
the spindle nose diameter. This represents an optimum value not only
for stiffness, but also for thermal equilibrium.

Fig. 75 represents the simplest layout of a two single-row bearing
concept. The view above the centerline shows anged cups (Type
TSF) allowing a through-bore machining concept for the housing,
which offers increased accuracy with no need for cup backing
shoulders. The arrangement shown below the centerline uses two
single-row bearings (Type TS).

The bearings are adjusted by means of a ground spacer locked by a
precision nut. Lubrication is often achieved by oil circulation, which
enters through radial oil inlets or special high-speed grease.

As shown below, the next evolution of this arrangement consists
of improving the lubrication system by using appropriate jets for oil
inlets and cooling (Fig. 76 and Fig. 77).
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Pressure control

Fig. 78. Two designs of the Hydra-Rib bearing. ||

TS(F) and Hydra_Rlb Fig. 80. Simple mounting with a Hydra-Rib bearing cooled by an axial
A typical spindle arrangement is the combination of a Hydra-Ri%Ir'mgt%?%%JOS”wé bearing with ol jets at both ends of the rollers
bearing with a single-row TS bearing (Fig. 79). The Hydra-Rib bearing

is tted at the tail position and the TS bearing at the nose positioIXR(DO)

of the spindle. The outer ring rib simpli es the lubrication at higiA typical mounting arrangement for the type TXRDO crossed roller
speed since the natural ow of the oil under centrifugal effect feedgearing is shown in Fig. 81.

the oil to the ribA simple axial oil inlet above the cage on the Sma”The arrangement shown is for lubrication by oil circulation in

roller end is therefore suf cient for lubricating the Hydra-Rib bearmg(':onjunction with an oil level. It can, however, be designed for grease

lubrication with appropriate sealing arrangements.
Pressure control

/ The bore of the housing (DH) and the diameter of the spigot (DS) (Fig.
! = 82) should be machined to give a mean of the suggested interference
I ¥ ts (pages 80-81).

// The bearing is adjusted externally by segments beneath the top inner
T '"""/*r """"" (P 1T ring clamping plate (Fig. 82) to get the required preload.

/ Ll Your Timken representative should be consulted for more details

/’/ ) about the use of crossed roller bearings.

o | —

Fig. 79. Simple mounting with a Hydra-Rib cooled by an axial oil inlet
and a TS bearing with oil jets at both end of the rollers for inlet and

i
|
|
|
cooling. !
TSMA and Hydra-Rib |

Fig. 80 shows the same arrangement with a TSMA bearing. This . . .
. . Fig. 81. Typical mounting arrangement of a TXRDO bearing.
arrangement allows the widest range of operating speeds, under

optimum preload. m

DH

DS——

|

Fig. 82. Fitting and setting of TXR bearings.
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DUPLEX BALL BEARINGS : ST , N
o axial capacity in either direction as well as radial and axial rigidity.
BACK-TO-BACK MOUNTING, DB OR ( O ) Since the face-to-face mounting has inherent disadvantages of low
(CONTACT ANGLES DIVERGING TOWARD SH fésidtance to moment loading and thermal instability, it should not
CENTERLINE) be considered unless a signi cantly more convenient method of

Before mounting, there is clearance between the two adjacerﬁ‘ssemb'y or disassembly occurs from its use. Timken pairs for face-

inner ring faces. After mounting, these faces are clamped togeth&-face mounting should be ordered as DU. Example: 2MM212WI-DU.

to provide an internal preload on each bearing. This arrangemefiSC available as two single ush-ground bearings, e.g., -SU (two

is well-suited for pulleys, sheaves and other applications wherB&2rings).
there are overturning loads and also all oatingipons where
thermal expansion of the shaft occurs. It also provides axial anfANDENM MOUNTING, DT

radial rigidity and equal axial capacity in either direction when used . . . .
. . . Iﬁefore mounting, the inner ring faces of each bearing are offset from
in a xed location. Back-to-back is the most commonly used of a

duplex arrangements. Timken pairs for back-to-back mounting shomﬁrde outer fing faces. After mounting, when an axial load is applied

be ordered as DU. Example: 2MM207WI-DU. Also available as t?/v yal to that of tWI_Ce the- normal preload, the mner_and outer 1ing
. . . aces are brought into alignment on both sides. This arrangement
single ush-ground bearings, e.g., -SU (two bearings).

provides double axial capacity in one direction only. More than two

——— DB _ bearings can be used in tandem if additional axial capacity is required.
Marked faces i X i i i N )
of outer 1ngs Timken pairs for tandem mounting should be speci ed as DU. Example:
together @@ 2MM205WI-DU. Also available as two single ush-ground bearings,
t = e.g., -SU (two bearings).
Clearance Inner ring face: DT
between inner clamped One marked and
ring faces ~ThelQ9RIRET an one unmarked
‘ outer ring face ¥ outer ring face N
. are ush . m together AQQ
S NI 5
Before Mounting Mounted oot toed twice the normal
) ) . . not us| preload: Inner ange——
Fig. 83. Back-to-back bearing assemblies before and after mounting. on either side outer fing faces
on both sides
FACE-TO-FACE MOUNTING, DF OR (“X”) @f@] )]

(CONTACT ANGLES CONVERGING TOWARD 7 §
SHAFT CENTERLINE) .
Before Mounting Mounted

Before mounting, there is clearance between the two adjacerfig. 85. Tandem bearing assemblies before and after mounting.
outer ring faces. After mounting, these faces are clamped togeth@TH ER MOUNTINGS
between the housing shoulder and cover plate shoulder, providing an

internal preload on each bearing. This arrangement provides eqdz:illush-ground (D"_J) pairs mqy be mounted in combination with a single
ush-ground bearing as a “triplex” (TU) set shown below. Also shown

DF . . .
Jnmarked facess below is a “quadruplex” (QU) set where three bearings in tandem are
of outer rings X % mounted back-to-back with a single bearing. These arrangements
together S 2 . . L . . " -
@ provide high capacity in one direction and also a positively rigid
- mounting capable of carrying a moderate amount of reverse thrust.
Clearance Inner an
between outer ring face:
outer ring faces __ | clamped S :
L These inner and together p ﬁ }
outer ring faces Faces ush S z i
not ush on both sides

TU QU
Fig. 84. Face-to-face bearing assemblies before and after mounting. Fig. 86. Typical triplex and quadruplex bearing mountings.

Before Mounting Mounted
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ENGINEERING

MOUNTING DESIGNS

BACK-TO-BACK VERSUS FACE-TO-FACE
MOUNTINGS ‘

Mountings having bearings applied in any of the face-to-face (DF ‘ L , | ol
grr_al_wgements are objectionable bec_ause they provide the Igast ACE-TO-FA/C
rigidity. Furthermore, when the operating speeds are comparativel

\MOUNTIN/

high, such mountings may buildup bearing preload excessivel
because of the temperature gradient between the housings, bearingsg. 87. DF Mounting, xed (not suggested).
and shafts. As this gradient increases, the bearing preload builds
up, starting a detrimental cycle that may lead to premature spindle
damage.

In spindle mountings, the shaft temperature usually changes at
a faster rate than the housing, creating temperature differentials
between the two members. These are due to their difference in mas
and their respective abilities to act as heat sinks. Thus, the shaf
and the inner-ring spacer expand at a faster rate than the housin
and the outer-ring spacer. As the shaft expands longitudinally and

the inner-ring spacer lengthens, an axial load buildsrugach  Fig. 88. DB Mounting, xed (suggested).
bearing and continues to increase until the equilibrium temperature
is reached. This occurs when the temperature at the housing levels
off and the heat transferred from the bearings balances the heat
generated within the system. Therefore, if the housing attains a
excessively high temperature, the initial bearing temperature is buil
up considerably.

4ﬁ—Lz

i BACK-TO-BAC\(
MOUNTING \

/1 \ /1 \
/ T TWO 7;7 \\
BACK-TO-BAGK
/ \\ PAIRS ? \\

—— e ]

In a face-to-face mounting, Fig. 87, the shaft expands radially a
longitudinally and the inner-ring spacer lengthens, but at a faster
rate than the outer-ring spacer. This thermal expansion causes an
additional axial load to be imposed on both inner rings, increasingig. 89. DB-DB Mounting, xed (not suggested).
the preload of the bearings. Conversely, in back-to-back mounting, D

Fig. 88, the longitudinal expansion of the inner-ring spacer tends to

relieve, rather than build up, the bearing preload. ﬁ—z
The two back-to-back pairs, shown in Fig. 89, are mounted so thf_\;a—‘v;{: s q\; / ﬁ_
the two middle bearings are face-to-face. As previously observed, \ v
temperature differentials cause the preload of these innerbearingsta v~~~ PAIRS v |
increase during operation. This mounting operation is not suggested.

In bearing mountings of the system seen in Fig. 90, undue axial loads

are puton the two outer beanngs_as the tempgrature alo_ng the Shalf—llg. 90. DF-DF Mounting,
becomes higher than at the housing. The two inner bearings unload, D

xed (not suggested).

starting a vicious cycle of increasing temperature, preload buildup
and lubricant breakdown. This also is an unacceptable mounting
arrangement and is not suggested. The same bearings are show
correctly mounted in tandem and arranged back-to-back in Fig.
91. Lateral expansion of the shaft and inner-ring spacer of suc
mountings increases neither axial loading nor bearing preload.

__7777 TWO L

\

\
TANDEM PAIRS \ \
MOUNTED DB\ \

¥

Therefore, to prevent increases in preload dueht thermal

expansion, back-to-back mountings are preferred for bearings on

machine tool spindles. When two pairs are used, each pair shoulgig 91. DT-DB Mounting, xed (suggested).
be mounted in tandem, but the combination should be arranged

back-to-back as in Fig. 91.

92 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



ENGINEERING

MOUNTING DESIGNS

spindle performance may be obtained by spring-loattiagoall = =
bearings with a predetermined axial load. Spring-loading aIIowsrCorrect high points of runout in line.

the spindle to oat laterally during temperature changes without
appreciably increasing or decreasing the original spring axial load.

= (=]
SPRING-LOADED MOUNTINGS - ] |
For high-speed applications, radial and axial rigidity and smooth

As the inner ring heats up during operation, it expands radially. This
radial expansion applies an increasing load through the ball and outer
ring and nally to the preload springs. The preload springs de ect

slightly to compensate for the loads due to thermal expansion and
maintain a consistent load on the spindle system.

=
=

T Incorrect: high points of runout not in line.
In some applications, single, spring-loaded bearings are employed at
the front and rear locations, mounted in back-to-back arrangement.
Other mountings, similarly spring-loaded, have a pair of bearings
installed in tandem at each end of the spindle ickka-back
arrangement (DT-DB). In either case, the spring pressure is applied
to the pulley-end or rear bearing position, placing the shaft in tension
between the two bearing locations.

=
=~

TCorrect: bearing having largest runout at rear.
High points of runout in line.

HIGH POINTS OF RUNOUT

The correct use of the high point of runout etched on the bearing
components allows the accuracy of the spindle to be optimized. The
components should be mounted in the housing and on the spindle
so that the high points are aligned with each other. In other words, = =
the inner ring is tted on the spindle so the high point of the rear ringil_ = =

is aligned with the high point of the nose bearing. Similarly, the higth Incorrect: bearing having largest runout at rear.
High points of runout not in line.

= =
& =,

points of the outer ring are aligned in the housing.

To obtain maximum precision, and when the high points of runout
of both the spindle and the housing are known, the respective high
points of the bearing components should be 180 degrees opposite
to those of the spindle and the housing. This will tend to neutralize
the eccentricity and minimize the effect of the high spots of all
components. The gures to the right show typical examples of the
correct and incorrect use of the high point of runout of bearings.

= =
= =

S;’l—lncorrect: bearing having largest runout at nose.

The greatest accuracy can be provided by grinding the spindle no High points of runout in line.

after the bearings are installed. This procedure will produce spindle
runout considerably smaller than the bearing runout.

Tlncorrect: bearing having largest runout at
nose. High points of runout not in line.

Fig. 92. The effect of bearing runout high point locations
on spindle accuracy.
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ENGINEERING

SETTING AND PRELOADING GUIDELINES

SETTING AND PRELOADING

GUIDELINES

TAPERED ROLLER BEARINGS

The optimum operating setting of a bearing system has a direc

Fig. 93 shows a graphical way to determine this optimum spread. To
de ne the optimum spread for thermal compensation or to calculate
the effect on setting for a given spread in a simple 2TS(F) bearing
s¥stem, the designer can use the formula below for ferrous housings
and spindles.

in uence on the spindle performance as far as accuracy, dynamic
stiffness, operating temperature and cutting capabilities are

concerned.

An operating setting range between zero and light preload is generally

the optimum value for simple dual TS or TSF layouts.

To reach this range, it is important to evaluate the different parameters

that will directly in uence the operating setting in order to determine

the cold-mounted setting:
Rotating speed
Applied loads
Spindle layout
Lubrication system

External sources of heat

Fig. 93. Graphical determination of optimum thermal spread.

This evaluation occurs generally during the testing phase of the
spindle because of the complexity of each individual parametegig. 94. Resulting distance between bearing geometric centerlines.
and the interaction of all of them during running conditions. At the
same time, it also is important to consider the bearing layout and
particularly the bearing spread to evaluate their effect on bearing setting.

. ) . _ Ki, D K, D
It has been demonstrated that an optimum bearing spread for stiffnek@ss of end play = 12 918 t X[ (—1 X —l() * (— X —2) - L] )
exists. In the same way, an optimum spread for thermal stability can
be determined should this be the overriding factor.

39 2 0.3

Where:

Under steady-state temperature conditions, the spindle and housing t = temperature difference between shaft /

temperature is not uniformly distributed. Generally, a temperature
gradientof 2 Cto5 C (4 Fto 9 F) exists between the spindle and

inner ring rollers and housing /
outerring (e - &) (°C)

housing. This phenomenon is valid for any type of bearing and haki and k = respective K factor of bearings 1 and 2
a direct in uence on the bearing setting. In the case of pure radial from bearing tables
bearings, such as cylindrical roller bearings, the radial setting with,; and Q2 = respective outer race mean diameter (mm)

w

vary proportionally to
the radial temperature
gradient without any
possibility for correction.
The use of tapered roller
bearings allows the radial
loss of end play due to
the gradient between the
spindle and the housing
to be compensated by
the axial expansion of
the spindle with respect
to the housing through
optimization of the
bearing spread.

L = distance between bearings geometric
centerlines (mm)
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SETTING AND PRELOADING GUIDELINES

During the starting period, care must be taken because the radipteload during the transient temperature rise. During the testing
thermal expansion is not immediately compensated by the axiphase, it will be possible to modify this initial end play to obtain the
expansion of the spindle. That occurs later. During this “transiemptimum setting for the application.

period," a decrease of t_he axial end play or an increase of prelogd, g5 shows also that a three-support layout is more sensitive to
is generally recorded (Fig. 95). The loss of end play can be calcula[ﬁ rmal effects, leading to a higher temperature rise and loss of

by using the same formula, but ignoring the parameter “L." For thigy pjay than a simple arrangement because of the short bearing
reason, it is generally recommended to initially set the bearings W'Héometric spread at the xed position

a light, cold end play to avoid any bearing burn-up, due to excessive

Bearing geometric spread Bearing geometric spread
l : - =
= = X =
= =
- a
] o
=] 5 b
c <
s ] a
:
< b L
b
0 Time 0 Time

Fig. 95. Evolution of the spindle system setting and temperature during
the transient period:

a) Simple mounting

b) Three-support mounting.
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SETTING AND PRELOADING GUIDELINES

BALL BEARINGS

Preloading of precision ball bearings to a predetermined axial load for g

“universal” mounting is accomplished by grinding a certain amount ‘8‘ e

of stock off faces of the inner and outer rings so that before mounting 3 T

the bearing, faces on the abutting side are offset an amount equal 3 Axial Load A
to the de ection under “preload.” When mounted, these faces are z L |
clamped together, the opposite bearing faces become ush and the 2 - ] ——— ’BC
bearing parts are subjected to compressive forces, bringing the balls § 1 L //// /:’ b
into contact with their respective raceways to take up the initial g // i : ///:/ —|
clearances of the bearings. Thus, the preload built into the bearings ~— 44// ]

?s agtqmatically obtained.. The conglition ofa pre_Ioaded ball.be_a.ri.ng Increasing Axial Load

is similar to that of one in operation under axial load. This initial A No Preload

axial load serves to decrease the axial and radial de ections when B Light Preload

subsequent operational loads are imposed on the bearing assembly. C Medium Preload

Bearings are preloaded no more than necessary. Excessive preload D Heavy Preload

adds little to the rigidity of the spindle, but appreciably reduces th,glg' 96. Effect of most commonly used preloads on axial de ection.
range of operating speeds by causing bearings to run hot at higher
speeds. To meet conditions of speed, mounting arrangement and
maximum rigidity consistent with low operating temperatures, Timken
precision ball bearings are designed and produced with preloads
varying from light to heavy and, in some instances, with negative
preload.

|

|
\
R‘adial Load~

\ N\

\ 1\

In many cases, the amount of bearing preload is a trade-off between
having the desired degree of rigidity and reducing any selesfect
preloading has on the equipment. If the operating speed is high, a
heavy preload can lead to excessively high operating temperatures,
resulting in shortened bearing life. For these reasons, three classes
of ball bearing preloads are most commonly used — light, medium
and heavy. In certain applications, such as high-speed motorized Increasing Radial Load
router spindles, specially preloaded, super precision ball bearings A No Preload

are required. Such bearings are “zero” preloaded — that is, the faces B Light Preload

of the inner and outer rings are ground ush under negligible load. C Medium Preload

D Heavy Preload

o 0O wW>»

7 ~ L~

\

\ L\

\ 1\

\
\ N\ L\

=
e "
—

Increasing Radial De ection

/1
/
-

The light, medium and heavy standard preload values for Timken
super precision angular contact ball bearings and for both high arkig. 97. Effect of most commonly used preloads on radial de ection.
low contact angles are located with the dimension tables in Section C.

Axial de ection curves of various preload conditions for duplex pairs
of 15 degree contact angle super precision ball bearings are shown
in Fig. 96 and the radial de ection curves for the same bearings are
shown in Fig. 97.
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PRECISION TAPERED ROLLER BEARINGS

PRECISION TAPERED
ROLLER BEARINGS

The following topics are covered within this s

Nomenclature. ...
INtroducCtion. . . ... ..o
Bearing TYpesS. . . ..o oo

TS Style—Metric,Inch . ......... ... ... ... .. ... ... .....
TSF Style —Metric, Inch ... ... ..o

TXR Style — Metric, Inch. ............ ... ... ... 112
TSHR Style — Metric, Inch.......................... 114
Tapered Roller Bearing Bore Diameters

Found In ThisCatalog. . ..., 118

This engineering section is not intended to be comprehensive, but does
serve as a useful guide in bearing selection.
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PRECISION TAPERED ROLLER BEARINGS

NOMENCLATURE

NOMENCLATURE

In order to provide our customers with clear and concise labeling, situations however, as always, your local Timken engineer will be
Timken has endeavored to keep things simple when creating pleased to provide further assistance if required.
references. The following should cover the majority of ordering

PRECISION TAPERED ROLLER BEARINGS

399A - 394 A

Cone Cone Component
(Inner Ring) (Outer Ring) and Suf x
Fields

Fig 98. Precision tapered roller bearing nomenclature.

PRECISION TAPERED ROLLER BEARINGS
ISO 355 NUMBERING SYSTEM

Cone Inner Ring

JP10049 - J P 100 10-B

J Pre x Duty (Application) Bore Size Component
Metric Nominal C, D, F General purpose mm 10-29 Cup
N Combination of 40-59 Cone
general purpose
& pinion
P High speed,
machine tool
S, T Pinion
W High axial loads

Fig 99. Precision tapered roller bearing ISO 355 nomenclature.

PRECISION TAPERED ROLLER BEARINGS
ABMA NUMBERING SYSTEM

Cone Inner Ring

JLM722948 -J LM [/ 229 12

Metric Pre x Angularity Basic series Component
Duty Class (cross section) indication 01-04 Roller

05-09 Cage

10-19 Cup

30-49 Cone

Fig 100. Precision tapered roller bearing ABMA nomenclature.
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PRECISION TAPERED ROLLER BEARINGS

NOMENCLATURE

TIMKEN PRECISION TAPERED
ROLLER BEARINGS ABMA NUMBERING SYSTEM

(for inch and metric radial bearings)
The Timken bearing part numbering system has evolved over the (cone) (cup)
years to accommodate various international standards put forth Ex: JLM7229 _ JLM7229 [H

by both the ISO and ABMA organizations. To retain the integrity of T R
Timken'’s proven initial designs and to support its extensive customer T componer
. . . uf x
base, Timken recognizes the key numbering schemes as they have “J" Pre x
developed in the tapered roller bearing industry and as indicated here. | g Eyalight L“:;;ﬁ;:m'"a'
LL: Lighter than light
L:  Light
ORIGINAL TIMKEN SYSTEM LM: Light-medium
M:  Medium
(cone) - (cup) HM: Heavy medium
Ex: 399A-394A (see common component/suf x) H:  Heavy
HH: Heavier than heavy|
. . . . EH: Extra heavy
Family-design bearing group around a common roller (quantity T:  Thrust ONLY
and angle CAN vary).
TABLE 68. UNIQUE COMPONENT PART NUMBERS. Angularity Code Field
CEx | Exl 1| o<o#
. 2 24 <255°
Series ‘ 3954 52000 3 255 < 27°
Cup | 399 | 52618 4| 27 <285
5 285 <305°
Cone | 304 52387 o e dbend
7 325 <36°
_ ) o ) 8 | 36<45°
Numerical portion of part number has no signi cance in 9 | 45+
describing bearing size or type. (excluding pure thrus
0 (thrust only)
ISO 355 NUMBERING SYSTEM p—
(application-oriented) (Cone lbore)
(cone) ~ (cup) ?ver/m.
in. mm Code
Ex: JP100 -JP100 [FONE <1 <25.4 001019
T T 1-2 25.4-50.8 20 to 99;000 to 029
“J" Pre x component 2-3 50.8-76.2 030 to 129
metric nominal and suf x 2“51 181261(1);760 ]isg% to jégg
bearings elds - .6-127. to
5-6 127.0-152.4 240 to 289
6-7 152.4-177.8 290 to 339
Duty class 7-8 177.8-203.2 340 to 389
[CIDIF]: general purpose 8-9 203.2-228.6 390 to 429
[N]: general purpose+pinio 9-10 228.6-254.0 430 to 469
[P]: high speed, machine 10-11 254.0-279.4 470 to 509
tool 11-12 279.4-304.8 510 to 549
SIT1: pinions ) 12-13 304.8-330.2 550 to 570
{V\,Phi’;h thrust loading Cone bore (in mm) 13-14 330.2-355.6 580 to 609
: 14-15 355.6-381.0 610 to 639
15-16 381.0-406.4 640 to 659
16-17 406.4-431.8 660 to 679
TABLE 69. COMPONENT AND SUFFIX CODES 17-18 431.8-457.2 680 to 694
; ; o 18-19 457.2-482.6 695 to 709
Component Field (Final Two Digits Of Part Number) 19-20 482.6-508.0 710 to 724
Series 00 (indicated by zeroes) Ex: 87000 or 36600 20-21 508.0-534.4 72510 739
Cups 10 through 19 (thinnest cup section is #10) ;;g ggg-g'ggi-g ;gg :0 ;gg
. P - 8- . 0
Cones 30 through 49 (thinnest cone section is #49) 2304 584.2-609.6 770 to 784
(Over ow numbers : 20 through 29 as needed; 50 through 99 as needed) 24-25 609.6-635.0 785 to 799
. 25-30 635.0-762.0 800 to 829
Suf x Code Fields (One To Three Letters Max.) 30-35 762.0-889.0 830 to 859
B: Flanged cup 35-40 889.0-1016.0 860 to 879
HR(A): HydrE¥Béisign (modi ed cup from standard) 40-50 1016.0-1270.0 880 to 889
) ] . 50-72.5 1270.0-1841.0 890 to 899
P(H): Customized for performance (non-interchangeable component) >725 >1841.0 900 to 999
E: (Exclusive) non-interchangeable component

All components and variations in a given series are interchangeable.
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PRECISION TAPERED ROLLER BEARINGS

NOMENCLATURE

AS.SE.MBLY CODES IDENTIFICATION TAGS
Five digit code:

Assv. No.+[Timken codel+ [Bill of material code ; i o
[Assy. No.J+[T ] (1st eld is bearing precision class)] See the following page for a detailed description of the nse a

— purpose of component or assembly attached identi cation tags.
Ex: gJO m [Timken (internal) numbering system]
Code is created at entry of initial custom order. BEARING PRECISION CLASS
For matched bearing assemblies: [cone PN]-[5-digit code] Indicated in inspection code.
Ex: JP13049-90B01. Each component is made to a precision class
For interchangeable components: [cone PN]-[cup PN] (tolerance and runout values are given in the Engineering
Ex: 29585-29520. Section).

Tolerance structure differences within nominal inch and metric
bearings.

INSPECTION CODES

Five characters (as 3 elds).
Component: [Precision class]+[Timken code]+[Performance code]

—— |
Ex: o[kl

TIMEKEN

Bl ENGINEERED BEARINGS AND ACCESS(

. [IMKEN

-
r(nclu FERED BEARINGS ANE ACCESSONIES
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PRECISION TAPERED ROLLER BEARINGS
NOMENCLATURE

TAG MARKINGS

Bearing tag markings are a device to indicate accuracy of bearings
and facilitate selective assembly.

The information given on the tag varies by metric and inch systems,
bearing class and type.

All components more precise than Class C or 3 cones and cups
are supplied as matched assemblies and are shipped as complete
bearings.

1. METRIC SYSTEM PRECISION BEARING TAG MARKINGS

Tags shown below are supplied with all Class A single-row matched assemblies.
Class B cups and cones are tagged if indicated on the performance code.

TAG MARKINGS ON CLASS A O

A
(-8 —-822 081 TIMKEN®
TS'TSF FIRST SECOND THIRD FOURTH FIFTH SIXTH
NUMBER  NUMBER NUMBER NUMBER NUMBER NUMBER
Indicates Indicates Indicates Indicates Indicates Indicates
average average runout (total runout (total year of numerical
deviation in deviation indicator indicator manufacture: number of
cone bore  incup reading) reading) of bearing
. 07 ... 2007 .
from nominal O.D. from of cone cup. 08 .. 2008 N yearly
dimension. nominal assembly. Use pades etcm manufacture.
dimension. pag '
Use pages Use pages 233-234. Found onl Found only
233-234.  Use pages 233-234. Y on matched
233-234 on matched assemblies
) assemblies. )

Fig. 101. Metric system precision bearing tag markings.

2. INCH SYSTEM PRECISION BEARING TAG MARKINGS

Tags shown below are supplied with all Class 00 cups and cones.
Class 0 cups and cones are tagged if indicated on the performance code.

TAG MARKINGS ON CLASS 00 O

A
( +5 +5 1.1 08 1

| N Se—m—

TIMKEN"

TS-TSF

FIRST SECOND  THIRD FOURTH  FIFTH SIXTH
NUMBER NUMBER) NUMBER NUMBER NUMBER NUMBER
Indicates Indicates Indicates Indicates  Indicates Indicates
average average runout runout (total year of numerical
deviation deviation (total indicator manufacture: number of
in cone in cup indicator reading) of 07 ... 2007 bearing
bore from  O.D.from  reading) cup. 08 2008 in yearly
n_omina] npmina_l of cone Use pages etcm manufacture.
dimension. dimension. assembly. 233.934. Found o Found only
Use pages Use pages Use pages Or?l:‘;]atglr'l]e)ii on matched
233-234. 233-234. 233-234. A assemblies.
assemblies.

Fig. 102. Inch system precision bearing tag markings.

(Lsecond number marked only on Class 3 product over 304.800 mm (12.0000 in.) cup O.D.
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PRECISION TAPERED ROLLER BEARINGS

INTRODUCTION « PRECISION BEARING TYPES

INTRODUCTION

Timke® tapered roller bearings have been used for many years i
machine tool applications due to their widely recognized advantages
in stiffness, load-carrying capacity, precision and reliability over other
bearing designs.

The use of new ceramic and CBN cutting tools, together with
increased spindle motor powers, has allowed much higher cuttir
speeds to be achieved in many applications. To maintain the sa
global accuracy level at these higher cutting speeds poses a challen
to develop optimum spindle designs. Timken has met this challer
by developing:

k

Special internal bearing geometry.
Innovative bearing designs. :
[ ]

Technical information is provided in the Engineering Section
this catalog to assist the designer in selecting the right beari

arrangement for a given application.

- - I Careful inspection of the adjacent components followed by an
Because of their high capability to carry loads together wittatively appropriate refurbishment, if needed, must be made before

low level of applied loads in the machine tool industry, precisio . . . .
. . remounting the bearings. Particular points to be checked are
tapered roller bearings are seldom replaced for fatigue damage. . - .
. . ._.__geometry (roundness, cylindricity, concentricity), surface conditions
The bearings are mainly replaced when a global loss of precision’of . . . .
L . . nicks, burrs), sizes (bore, O.D. and width) and resultant tting practice
the machine is observed leading to a complete refurbishment of the . . .
. . . . . s_?e Engineering Section).
machine. At this stage, it is advisable to replace the bearings, even'i

they may appear to be in good condition; they may be worn to a point

where the accuracy is no longer effective. REMOUNTING
BEARING REPLACEMENT The guidelines described in the Engineering Section apply exactly in

. . . .the same way for replacement purposes as for original equipment.
Even if a machine is considered old after several years of service, y P purp 9 auip

it is not recommended to t standard class bearings in place of the
original precision ones. This practice would most likely result BEARING TYPES
uncontrolled movements of the spindle due to the higher runout_ﬁ%‘

. . . . e most popular tapered roller bearing types made in precision
standard bearings. This can lead to poor accuracy of machined pieces popuiar tap : 9P P
classes are the single-row bearings, types TS and TSF, and the two-
and premature tool wear.

row bearing, type TDO.
The best practice is to install a bearing of an equivalent precision claggege bearing types are supported by a range of special bearings

to the original equipment recommended by the builder. that have been designed for machine tool applications, such as the

Both inner and outer rings have to be replaced to achieve the saif@/iable preload Hydra-RibTM bearing, the high-speed TSMA bearing

accuracy level as the original equipment. _and the_ gompact TXR crossed roller bearing, which are available only
in precision classes.

INSPECTION The size range of Timken precision bearings starts from less than

20.000 mm (0.7874 in.) bore and extends to over 2000.000 mm (78.740

The replacement of the bearings on any precision equipmentihs.) outside diameter, depending upon bearing type.

not necessarily suf cient to restore the original accuracy. If the

surrounding components (spindle, housing, nut, spacer) showe mportance of fEhIS market segment is demon.strated by Timken'’s
cc}mmnment to having a plant dedicated to producing precision-class

considerable c_iefects in size or form, the_bearlng will simply transr{gpered roller bearings. This simply means that the precision quality
the consecgtlve defaul_t to_the workpiece. The total runout % built into the bearing during manufacturing and is not achieved by
the system is the combination of the runout of each COBTHO  gg|acting from standard bearings. For increased reliability, Timken
A precision bearing will add no more runout than is speci ed by thesarings are manufactured from high-quality alloy steels.

bearing class, but it will not reduce any runout already present fr

the spindle and housing. O'Fﬁe application of precision tapered roller bearings is not just limited

to machine tools. Wherever spindles turn and rotational accuracy
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PRECISION TAPERED ROLLER BEARINGS

PRECISION BEARING TYPES

is essential to the machine’s performance, precision tapered rolldre projected along the axis, resulting in a total <

bearings are encountered. Other typical applications are printingffective bearing spread many times greater than
presses, optical grinders, pro le cutters, indexing tables, precisiotthe width of the bearing itself. This type of bearing

drives and measuring gauges.

SINGLE-ROW BEARINGS
TS — SINGLE RGW

This is the basic and the most widely used| [/
type of tapered roller bearing. It consists
two main, separable parts: the inner ring |
(cone) assembly and the outer ring (cup). It is \°
usually tted as one of an opposing pair. During
equipment assembly, single-row bearings canrig. 103.TS
be “set” to the required clearance (endplay) f)lgagrlien_grow
or preload condition to optimize performance. '

TSF — SINGLE-ROW, WITH
FLANGED OUTER RING

This variation on the basic single-row bearing,| '
type TSF has a anged outer ring to facilitate §
axial location and accurately aligned seats in a '\
through-bored housing.

Fig. 104.TSF

single-row
bearing.

TWO-ROW BEARINGS
TDO — DOUBLE OUTER RACE

This has a one-piece (double) outer race and =gz

two single inner races and is usually supplied]
complete with an inner ring spacer as a pre-
set assembly. This con guration gives a wide | :
effective bearing spread and is frequently ||~
chosen for applications where overturning
moments are a significant load component.
TDO bearings can be used in xed (Iocating)::vi,%_rloovs-TDo
positions or allowed to oat in the housing borepearing.

for example, to compensate for shaft expansion.

TXR — CROSSED ROLLER BEARING

offers a high resistance to overturning moments.;':‘.

The normal design of the bearing is type TXRD(}.
which has a double outer race and two inner
races, with rollers spaced by polymer separators.

Fig. 106.TXR
crossed roller
bearing.

HIGH-SPEED BEARINGS

For many applications, notably in the machine tool industry, bearings
are required to run at speeds in excess of those for which standard
bearings are designed.

TSMA — SINGLE-ROW, WITH AXIAL _
OIL HOLES '

The TSMA type is a single-row bearing with axiz/
oil holes for lubrication of the critical roller-rib |
contact area to ensure adequate lubrication atl
high speeds. The concept works by capturing o
in a manifold (attached to the inner ring), whict
is then directed to the rib-roller contact aregig. 107. TSMA

through holes drilled axially through the large riingle-row
bearing with
axial oil holes.

—

TSHR — HYDRA-RIB BEARING WITH
PRELOAD ADJUSTMENT DEVICE

The Hydra-Rib bearing has a “floating” outer
ring rib controlled by hydraulic or pneumatic
pressure, which ensures that the required preloa(\\
is maintained irrespective of the differential | N
expansions or changes in loading taking place within e

the system. Fig. 108dydra-
Rib bearing
with preload
adjustment
device.

I

A crossed roller bearing is two sets of bearing races and roller®he list of part numbers in the TS and TSF design styles tables is not exhaustive. These

brought together at right angles — with alternate rollers facin

represent most of the common selections for the precision machine tool industry. Many

gapered roller bearings currently are manufactured to “standard” precision classes (Class

opposite directions — within a section height not much greater thasor 0/ C or B) but can be readily produced to higher precision levels. Bearing modi cations

that of a single bearing. The steep angle, tapered geometry of tgg

h as conversion to a two row design, a high speed TSMA, or use of ceramic rolling
ments to meet speci ¢ application demands can usually be accommodated. Please

bearing causes the load-carrying center of each of the races teontact your Timken representative for more information.

(UThese bearing types are described in detail in the bearing
data tables at the end of this publication.
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PRECISION TAPERED ROLLER BEARINGS
TS STYLE

TS STYLE

PRECISION LEVELD C
DIMENSIONAL SIZES — METRIC

Features to enhance spindle operation: Performance options:
Matched components. High-speed version (TSMA).
Runout high points marked.
Bearing setting adjustment.

‘ Load Ratings ‘ ‘

d D T ‘ (03 ‘ G ‘ Goo ‘ Cago ‘ ‘ © a Inner-Outer
Bore O.D. Width ‘ Static ‘ Dynami€®) | Dynami¢ ‘ Dynamié ‘Cone Wldt?’v Cup Width| Eff. Centd?) Part Number
mm mm mm ‘ kN ‘ kN ‘ kN ‘ ‘ ‘ mm
in. in. in. ; Ibs. ; Ibs. | Ibs. 1 Ibs a | in.

60.000 100.000 21.00 101. 80.9 21.0 1 020 000 15 500 1.3

2.3622 3.9370 0.8268 22700 18200 4720 3820 0.7874 0.6102 0.056049-JP6010
65.000 105.000 24.000 139.0 100.0 26.0 20.2 23.000 18.500 glg

2.5591 4.1339 0.9449 31200 22500 5850 4540 0.9055 0.7283 J§{10949C-ILM710910
70.000 110.000 21.000 112.0 84ls 22.0 17.4 20.000 15.500 25

2.7559 4.3307 0.8268 25200 19100 4950 3910 0.7874 0.6102 0.1¢/77049-JP7010
80.000 125.000 24.000 141.0 105.0 27.2 21.0 22.500 17.500 2.3

3.1496 4.9213 0.9449 31700 23600 6120 4720 0.8858 0.6890 0.09/78049-IP8O10
85.000 130.000 30.000 245.0 149.0 38.7 294 29.000 24.000 gI

3.3465 5.1181 1.1811 55100 33500 8700 6610 1.1417 0.9449 /by 16649-IM716610
90.000 135.000 24.000 155.0 110.0 28.4 24.0 22.500 17.500 5.6

3.5433 5.3150 0.9449 34800 24700 6390 5400 0.8858 0.6890 0.22P9049-IP9010
95.000 145.000 24.000 172.0 116.0 30.1 Ja.4 22.500 17.500 6.21J

3.7402 5.7087 0.9449 38700 26100 6770 5490 0.8858 0.6890 0.2410044-JP10010
95.000 150.000 35.000 317.0 199.0 51.5 39.0 34.000 27.000 é’@

3.7402 5.9055 1.3780 71300 44700 11600 8770 1.3386 1.0630 g Yg19149-IM719113
100.000 145.000 24.000 172.0 116.0 30.1 24.4 22.500 17.500 6.2]‘]

3.9370 5.7087 0.9449 38700 26100 6770 5490 0.8858 0.6890 0.2410049-JP10010
110.000 165.000 35.000 357.0 210.0 54.5 46.4 385.000 26.500 ?EP(?

4.3307 6.4961 1.3780 80300 47200 12300 10400 1.3780 1.0433 'y/$22049-JM822010
115.000 165.000 28.000 2450 148.0 38.3 30.1 27.000 21.000 (ﬁf\ﬂ

45276 6.4961 1.1024 55100 33300 8610 6770 1.0630 0.8268 14722948-JLM722912
120.000 170.000 25.400 2310 134.0 34.8 27.3 25.400 19.050 7%

4.7244 6.6929 1.0000 51900 30100 7820 6140 1.0000 0.7500 0.3 724348-JL724314
125.000 175.000 25.400 246.0 139.0 36.0 29.4 25.400 18.288 9%

4.9213 6.8898 1.0000 55300 31200 8090 6610 1.0000 0.7200 0.35725346-JL725316
130.000 185.000 29.000 283.0 181.0 47.0 38.1 27.000 21.000 8-‘;]?

5.1181 7.2835 1.1417 63600 40700 10600 8570 1.0630 0.8268 0.3 13049-JP13010
140.000 195.000 29.000 304.0 188.0 48.8 42.0 27.000 21.000 111.133

5.5118 7.6772 1.1417 68300 42300 11000 9440 1.0630 0.8268 14049-JP14010
150.000 205.000 28.575 339.0 179.0 46.5 36.5 28.575 21.438 114

5.9055 8.0709 1.1250 76200 40200 10500 8210 1.1250 0.8440 0.45730646-JL.730612
160.000 220.00Q 32.000 372.0 224.0 58.1 48.4 30.000 23.000 13&160 49-JP16010
6.2992 8.6614 1.2598 83600 50400 13100 10900 [1.1811 0.9055 0.

170.000 230.000 32.000 398.0 232.0 60.1 475 30.000 23.000 13&)170 19-3P17010
6.6929 9.0551 1.2598 89500 52200 13500 10700 [1.1811 0.9055 0.

180.000 240.000 32.000 490.0 234.0 60.6 50.3 30.000 23.000 16%180 19-JP18010
7.0866 9.4488 1.2598 91900 52600 13600 11300 [1.1811 0.9055 0.

180.000 250.000 47.000 786.0 401.0 104.0 85.5 45.000 37.000 g@

7.0866 9.8425 1.8504 177000 90200 23400 19200 117717 1.4567 1{36149-IM736110

(Tighter tolerances are possible on any of the part numbers shown for higher precision requirements.

(2Negative value indicates effective center within the backface of the cone.

(®The Timken Company calculation based on one million revolutionslifer L

(@The Timken Company life calculations based on 90 million revolutiandifier@ois radial load component forceigfls axial component.

(For synthetic high-speed grease in appropriate Il quantities with service interval and appropriate setting. Other methods may further improve speed by as much as 60 percent or more.
(6For explanation of spindle system characteristics, please refer to pages 20-23 of the Engineering Section.
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PRECISION TAPERED ROLLER BEARINGS

TS STYLE
}i C_’
r\
A
\ —_— = =
D D
o8
da D,
Mounting Dimensions ‘ Stiffne8s
R
Ja do r ‘ ‘ ‘
Max. Shaft : :
. : Max. Housing Fillet : : Speed
Fillet Rad. at Cone  Shaft Backin Housing Backin
Backface Diameter 9 Rad.at Cup Backface Diar%\eter g ‘ K(10) i ‘ Ka(10) ‘ i Rating?) W

mm mm mm mm mm ‘ mm ‘ N/mm kN ‘ N/mm ‘ kN RPM kg

in. in. in. in. in. in. Ibs./in. Ibs. Ibs./in. Ibs. Ibs.

2.0 66.0 69.1 2.0 95.5| 91.0 1.22 211 0231 1.7 5100 0.59
0.08 2.60 2.72 0.08 3.76 3.58 6.97 472 1.32 382 5100 1.31
3.0 71.0 78.0 1.0 101.0 96.0 1.70 26 0l297 2.0 4800 0.75
0.12 2.80 3.07 0.04 3.98 3.78 9.71 585 1.70 450 4800 1.65
2.0 76.0 80.0 2.0 105.0 101/0 1.33 2.2 0.239 1.7 4500 0.68
0.08 2.99 3.15 0.08 4.13 3.98 7.59 495 1.36 382 4500 1.50
2.0 86.0 88.9 2.0 120.0 1150 1.53 2.7 0.264 2.1 3900 0.95
0.08 3.39 3.50 0.08 472 453 8.74 607 151 472 3900 2.10
3.0 92.0 98.0 25 125.0 1170 2.82 38 0.472 2.9 3700 1.36
0.12 3.62 3.86 0.10 4.92 4.61 16/10 854 2.70 652 3700 3.00
2.0 97.0 100.1 2.0 130.0 125.0 1.64 2.8 0.338 2.4 3600 1.09
0.08 3.82 3.94 0.08 5.12 4.92 9.36 629 1.93 540 3600 2.41
3.0 102.0 108.0 3.0 140.0 134.0 1.80 3.0 0.341 2.4 3300 1.27
0.12 4.02 4.25 0.12 5.51 5.28 10/30 674 1.95 540 3300 2.79
3.0 104.0 109.0 25 143.0 135.0 311 5.1 0.513 3.9 3300 217
0.12 4.09 4.29 0.10 5.63 5.31 17/80 1150 .93 877 3300 478
3.0 106.0 112.0 3.0 140.0 134.0 1,80 3.0 0.341 2.4 3300 1.13
0.12 4.17 4.41 0.12 5.51 5.28 10/30 674 1.95 540 3300 2.49
3.0 119.0 125.0 25 159.0 149.0 339 5.4 0.710 4.6 2900 2.45
0.12 4.69 4.92 0.10 6.26 5.87 19/40 1210 4.05 1030 2900 5.39
3.3 121.0 127.0 3.0 158.0 151.0 2553 3.8 0.450 3.0 2900 1.75
0.13 4.76 5.00 0.12 6.22 5.94 1440 854 2.57 674 2900 3.86
3.3 127.0 132.1 3.3 163.0 156.0 247 35 0.440 2.7 2800 1.62
0.13 5.00 5.20 0.13 6.42 6.14 1410 787 251 607 2800 3.56
3.3 133.0 137.9 3.3 168.0 161.0 2,60 3.6 0.499 2.9 2700 1.69
0.13 5.24 5.43 0.13 6.61 6.34 14190 809 2.85 652 2700 3.72
3.0 137.0 143.0 3.0 179.0 172.0 2045 47 0.464 3.8 2600 2.16
0.12 5.39 5.63 0.12 7.05 6.77 14100 1060 2.65 854 2600 476
3.0 148.0 152.9 3.0 189.0 182.0 260 4.9 0.556 42 2400 2.29
0.12 5.83 6.02 0.12 7.44 7.47 14190 1100 B.17 944 2400 5.06
3.3 158.0 164.1 33 198.0 190.0 3.30 4.6 0.588 3.6 2200 261
0.13 6.22 6.46 0.13 7.8| 7.48 18.80 1030 3.36 809 2200 5.76
3.0 169.0 174.0 3.0 213.1 206.0 2194 5.8 0.589 438 2100 3.11
0.12 6.65 6.85 0.12 8.39 8.11 16/80 1800 B.36 1080 2100 6.86
3.0 179.0 183.9 3.0 223.0 217.0 3/15 6.0 0.568 4.7 2000 3.43
0.12 7.05 7.24 0.12 8.78 8.54 18/00 1850 B.24 1060 2000 7.56
3.0 189.0 194.1 3.0 233.0 227.0 321 6.0 0.638 5.0 1900 3.59
0.12 7.44 7.64 0.12 9.17 8.94 18/30 1850 B.64 1120 1900 7.91
3.0 190.0 196.1 25 243.0 232.0 5,90 10.4 1.150 8.5 1800 6.67
0.12 7.48 7.72 0.10 9.57 9.18 33[70 2840 6.57 1910 1800 14.70
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PRECISION TAPERED ROLLER BEARINGS
TS STYLE

TS STYLE

PRECISION LEVELD 3
DIMENSIONAL SIZES - INCH

Features to enhance spindle operation: Performance options:
Matched components. High-speed version (TSMA).
Runout high points marked.
Bearing setting adjustment.

Load Ratings ‘

d D T G ‘ (e} ‘ Coo ‘ Cago ‘ B C a Inner-Outer
Bore 0.D. Width Static ‘ Dynamié®) ‘ Dynamié?) ‘ Dynamié¢) ‘Cone Width Cup Width Eff. Centéd? Part Number
mm mm mm kN ‘ kN ‘ kN ‘ kN ‘ mm mm mm
in. in. in. Ibs. Ibs. Ibs. Ibs. in. in. in.

63500 | 107.950  25.400 158.0 102.0 26.5 20.8 25.400 19.050 8

29585-29520
2.5000 4.2500 1.000 35500 22900 5950 4670 1.0000 0.7500 -0.03
68263 | 110000  21.999 126.0 916 238 16.3 2199 18.821 08 son
2.6875 4.3307 0.8661 28300 20600 5340 3670 0.8660 0.7410 -0.03
73.025 112.713 25.400 166.0 102.0 265 22 5,400 19.050 L0 e o060
2.8750 4.4375 1.0000 37300 23000 5960 4980 1.0000 0.7500 4
76.200 121.442 24.608 137.0 0477 245 18.9 23.012 17.625 15

34301-34478
3.0000 4.7812 0.9688 30800 21300 5510 4260 0.9060 0.6875 6
85725 | 136525  30.163 216.0 143.0 371 282 20.769 | 22.225 08 o
3.3750 5.3750 1.1875 48500 32100 8330 6340 1.1720 0.8750 -0.03
91.973 142.875 30.000 240.0 152.0 39.3 322 30.000 21.996 18

[ M718947-LM718910

3.6210 5.6250 11811 54000 34100 8830 7230 1.1811 0.8660 0.07
101600 | 157.163 36,513 3430 207.0 53.8 436 36.116 | 26.187 05 052618
4.0000 6.1875 1.4375 77100 46500 12100 9800 1.4219 1.0310 0.02
117.475 180.975 34.925 2710 181.0 472 39.9 81.750 25.400 53 16068712
4.6250 7.1250 1.3750 60900 40700 10600 g980 1.2500 1.0000 21
146.050 193.675 28575 407.0 182.0 472 208 28,575 23.012 48 o 20
5.7500 7.6250 1.1250 91500 40900 10600 6690 1.1250 0.9060 19
177.800 | 227.013  30.163 470.0 194.0 50.3 37.9 30.163 | 23012 12.7

36990-36920
7.0000 8.9375 1.1875 105600 43500 11300 8510 1.1875 0.9060 50
190.500 282.575 50.800 690.0 398.0 103.0 73.4 47.625 36.500 38
7.5000 11.1250 2.0000 155100 89400 23200 16500 1.8750 1.4370 0.15
206375 |  282.575 46.038 881.0 393.0 102.0 885 46.038 36.500 160 e o000
8.1250 11.1250 1.8125 198000 88300 22900 19900 1.8125 1.4370 0.63
215.900 290.010 31.750 457.0 222.0 57.4 37.9 81.750 22.225 13.0

543085-543114

8.5000 11.4177 1.2500 102700 49800 12900 8510 1.2500 0.8750 0.51

(WTighter tolerances are possible on any of the part numbers shown for higher precision requirements.

(2Negative value indicates effective center within the backface of the cone.

(3The Timken Company calculation based on one million revolutionslifer L

(4The Timken Company life calculations based on 90 million revolutiondifiar@ois radial load component forceiofls axial component.

(5For synthetic high-speed grease in appropriate Il quantities with service interval and appropriate setting. Other methods may further improve speed by as much as 60 percent or more.
(6For explanation of spindle system characteristics, please refer to pages 20-23 of the Engineering Section.
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PRECISION TAPERED ROLLER BEARINGS

TS STYLE
-
r\
_____ Y - ‘_
\ _— = =
D D,
da “ o
- - - |
Mounting Dimensions ‘ Stiffne8s
R da dy ro Da ‘ Do ‘ ‘ ‘ Speed
Max. Shaft Fillet Rad. Shaft Backing Max. Housing Fillet Housing Backing ‘ K(10) R ‘ Ka(10) ‘ R Rating?) Wi,
at Cone Backface Diameter Rad. at Cup Backface Diameter
mm mm mm mm mm ‘ mm ‘ N/mm kN ‘ N/mm ‘ kN RPM kg
in. in. in. in. in. in. Ibs./in. Ibs Ibs./in Ibs. Ibs.
3.6 71.1 77.0 3.3 103.1 96.0 2.15 2l65 0.385 2.07 4500 0.91
0.14 2.80 3.03 0.13 4.06 3.78 12/30 595 2.20 466 4500 2.01
23 73.9 78.0 13 103.9 1011 153 238 0.208 1.63 4600 0.75
0.09 2.91 3.07 0.05 4.09 3.98 8.73 34 1.19 367 4600 1.65
36 80.0 86.1 33 109.0 1011 2.19 265 0.440 2.21 4200 0.88
0.14 3.15 3.39 0.13 4.29 3.98 12/50 596 2.51 497 4200 1.95
36 83.1 88.9 2.0 116.1 1100 1.62 245 0.278 1.89 4100 0.95
0.14 3.27 3.50 0.08 4.57 4.33 9.25 551 1.59 425 4100 2.09
36 93.0 99.1 33 130.0 121]9 2.31 371 0.387 2.82 3700 152
0.14 3.66 3.90 0.13 5.12 4.80 13}20 834 2.21 633 3700 3.34
36 100.1 105.9 33 137.9 129.0 252 3.93 0.489 3.21 3400 1.63
0.14 3.94 4.17 0.13 5.43 5.08 14140 883 2.79 722 3400 3.60
36 111.0 117.1 33 151.9 142.0 331 5.36 0.630 435 3100 2.39
0.14 437 461 0.13 5.98 5.59 18/90 1206 3.60 979 3100 5.28
3.6 125.0 132.1 3.3 172.0 163.1 231 4.69 0.485 3.99 2800 2.75
0.14 4.92 5.20 0.13 6.77 6.42 13}20 1055 p.77 897 2800 6.06
15 152.9 154.9 15 188.0 182.1 4555 472 0.524 2.97 2300 2.25
0.06 6.02 6.10 0.06 7.40 7.47 2600 1060 2.99 667 2300 4.96
15 185.9 188.0 15 221.0 214.1 513 5.02 0.842 3.78 1900 2.88
0.06 7.32 7.40 0.06 8.70 8.43 29/30 1128 4.81 850 1900 6.35
36 202.9 209.0 33 267.0 261.1 4552 10.31 0.660 7.32 1700 9.48
0.14 7.99 8.23 0.13 10.51 10.28 25.80 2318 3.77 1646 1700 20.91
36 218.9 224.0 33 275.1 260.1 6.92 10.18 1520 8.86 1600 8.29
0.14 8.62 8.82 0.13 10.83 10.24 39.50 2288 8.68 1992 1600 18.28
3.6 226.1 231.9 3.3 276.1 272.0 3/02 5.74 0.494 3.78 1600 5.41
0.14 8.90 9.13 0.13 10.87 10.71 22.40 1201 2.82 850 1600 11.92
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PRECISION TAPERED ROLLER BEARINGS
TSF STYLE

TSF STYLE
PRECISION LEVEDR C
DIMENSIONAL SIZES — METRIC
Flanged outer ring facilitates axial location.
Features to enhance spindle operation:
Matched components.
Runout high points marked.

Bearing setting adjustment.

‘ Load Ratings
| o o | o | 8| c|
d D i G G Coo Cago Flange | Flange Cone Cup Eff. Inner-Outer
Bore O.D. ‘ Offset| Static | Dynami¢® ‘ Dynami¢® ‘ Dynami€?) | Dia. Width Width Width | Centef2 Part Number
mm mm mm kN mm mm mm mm mm
in. in. in. Ibs. Ibs Ibs Ibs in. in. in. in. in.
60.000 | 100.000  8.500 10100 80,9 21.0 17.0 105.0 3.0 20.000 | 15.500 13
JP6049-JP6010-B
23622 | 39370  0.3346 22700 18200 4720 3820 413 0.12 0.7874 | 0.6102 0.05
70000 | 110.000 8500 1120 84,8 22.0 17.4 116.0 3.0 20000 | 15.500 25
JP7029-JP7010-B
2.7559 | 4.3307  0.3346 25200 19100 4950 3010 457 0.12 0.7874 | 0.6102 0.10
80.000 | 125.000  10.500 141)0 105.0 27.2 21.0 132.0 4.0 22500 | 17.500 23
JPg049-1P8010-B
31496 | 49213 04134 31700 23600 6120 4720 5.20 0.16 0.8858 |  0.6890 0.09
90.000 | 135000 10500 155/0 110.0 28.4 24.0 142.0 4.0 22500 | 17.500 56
JP9049-IP9010-B
35433 | 53150  0.4134 34800 24700 6390 5400 5.60 0.16 0.8858 | 0.6890 0.22
95.000 | 145000 10500 1720 116.0 30.1 24.4 1520 40 | 22500 | 17500 61
JP10044-JP10010-B
3.7402 | 57087  0.4134 38700 26100 6770 5490 5.08 0.16 0.8858 |  0.6890 0.24
100.000  145.000  10.500 17200 116.0 301 24.4 152.0 4.0 22500 | 17.500 6.1
JP10049-1P10010-B
39370 | 57087  0.4134 38700 26100 6770 5490 5.98 0.16 0.8858 |  0.6890 0.24
130.000| 185.000  13.000 283.0 181.0 470 88.1 192.0 5.0 27.000 | 21.000 8.9
JP13049-JP13010-B
51181 | 7.2835 05118 63600 40700 10600 8570 7.56 0.20 1.0630 | 0.8268 0.35
140.000 195.000  13.000 304.0 188.0 4838 42.0 202.0 5.0 27.000 | 21.000 11.9
JP14049-1P14010-B
55118 | 7.6772 05118 68300 42300 11000 9440 7.95 0.20 1.0630 | 0.8268 0.47
150.000| 205.000  12.000 339.0 179.0 465 365 210.0 4.86 28575 | 21.438 114
JL730646-IL730612-B
5.0055 | 80709  0.4724 76200 40200 10500 8210 8.27 0.19 1.1250 |  0.8440 0.45

(WTighter tolerances are possible on any of the part numbers shown for higher precision requirements.

(2Negative value indicates effective center within the backface of the cone.

(The Timken Company calculation based on one million revolutionslifer L

(4The Timken Company life calculations based on 90 million revolutiondifiar@ois radial load component forcejofls axial component.

(8For synthetic high-speed grease in appropriate Il quantities with service interval and appropriate setting. Other methods may further improve speed by as much as 60 percent or more.
(6For explanation of spindle system characteristics, please refer to pages 20-23 of the Engineering Section.
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PRECISION TAPERED ROLLER BEARINGS

TSF STYLE
-
—|C> |
D Dy > d D, B,
Mounting Dimensions ‘ Stiffne8s
hatt Filet Rad - ® g % | oo | Range |
alcone Bacdace. TGRS ol CUp Bhckdace Mot Backing | KCO | KA R

mm mm mm mm mm ‘ mm ‘ N/mm kN N/mm ‘ kN RPM kg

in. in. in. in. in. in Ibs./in. Ibs. Ibs./in. Ibs. Ibs.

2.0 66.0 69.0 2.0 98.0| 91.0 1.22 211 0231 1.7 510061

0.08 2.60 2.72 0.08 3.86 3.58 6.97 472 1.32 382 5100 1.34
2.0 76.0 80.0 2.0 1055 101/0 1.33 2.2 0,239 1.7 4500 0.69
0.08 2.99 3.15 0.08 4.15 3.98 7.59 495 1.36 382 4500 152
2.0 86.0 89.0 2.0 129.0 115/0 153 27 0,264 2.1 3900 0.95
0.08 3.39 3.50 0.08 5.08 4.53 8.74 607 151 472 3900 2.09
2.0 97.0 100.0 2.0 133.0 1250 164 2.8 0.338 2.4 3600 1.0
0.08 3.82 3.94 0.08 5.24 4.9 9.36 629 1.93 540 3600 2.40
3.0 102.0 108.0 3.0 142.0 134.0 1.80 3.0 0.341 24 3300 132
0.12 4.02 4.25 0.12 5.59 5.28 10/28 674 1.95 540 3300 2.91
3.0 106.0 112.0 3.0 142.0 134.0 1.80 3.0 0.341 2.4 3300 1.13
0.12 417 4.41 0.12 5.59 5.28 10,28 674 1.95 540 3300 2.49
3.0 137.0 143.0 3.0 188.0 172.0 2045 4.7 0.464 3.8 2600 2.20
0.12 5.39 5.63 0.12 7.40 6.77 13/99 1057 p.65 854 2600 4.85
3.0 148.0 153.0 3.0 198.0 182.0 260 4.9 0.556 4.2 2400 231
0.12 5.83 6.02 0.12 7.80 7.47 14/85 1102 8.17 944 2400 5.0
33 158.0 164.0 33 200.0 190.0 3.30 4.6 0.588 36 2200 2.69
0.13 6.22 6.46 0.13 7.87 7.48 18/84 1034 8.36 809 2200 5.93
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PRECISION TAPERED ROLLER BEARINGS
TSF STYLE

TSF STYLE

PRECISION LEVED 3
DIMENSIONAL SIZES — INCH

Flanged outer ring facilitates axial location.

Features to enhance spindle operation:

Matched components.

Runout high points marked.

Bearing setting adjustment.

d
Bore

mm
in.
46.038
1.8125
66.675
2.6250
69.850
2.7500
69.850
2.7500
73.025
2.8750
83.345
3.2813
88.900
3.5000
95.250
3.7500
101.600
4.0000
114.300
4.5000

(WTighter tolerances are possible on any of the part numbers shown for higher precision requirements.

Load Ratings
| D
G G Cago Flange
Static | Dynami€® ‘ Dynamlé“) Dynami€ | Dia.
kN ‘ kN mm
Ibs. Ibs Ibs Ibs. in.
117.0 86/4 22.4 133
26200 19400 5040 2980
191/0 129.0 3.3 22.9
43000 28900 7490 5160
186/0 133.0 3.4 22.7
41900 29900 7740 5100
2620 182.0 471 29.4
58900 40900 10600 6600
197.0 128.0 33.2 24.8
44300 28800 7470 5570
178/0 109.0 28.1 20.0
39900 24400 6320 4500
241/0 151.0 39.1 33.0
54300 33900 8790 7410
38610 245.0 63.5 51.2
86700 55100 14300 11500
386.0 245.0 63.5 51.2
86700 55100 14300 11500
5430 337.0 g87.3 62.2
122000 75700 19600 14000

(2Negative value indicates effective center within the backface of the cone.
(3)The Timken Company calculation based on one million revolutionslifer L
(4The Timken Company life calculations based on 90 million revolutiondifar@ois radial load component forcejogis axial component.

(5For synthetic high-speed grease in appropriate Il quantities with service interval and appropriate setting. Other methods may further improve speed by as much as 60 percent or more.

(6
Flange
Width

mm

89.8
3.53
117.4
4.62
1254
4.94
133.2
5.25
1221
4.81
130.1
5.12
154.7
6.09
175.3
6.9C
175.3
6.9(
198.3

7.81

(6For explanation of spindle system characteristics, please refer to pages 20-23 of the Engineering Section.

Cone
Width

mm

4.8
0.1
4.8
0.1
55
0.2
6.4

4.8
0.1
4.8
0.1
5.6
0.2
7.1

7.1

7.9

.28

.28

Cup
Width

mm

25.608
30.048
29.007
36.170

30.162
25.400

9 1.0
28.971

2 11
41.275

[y

41.275

=

49.212
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a
Eff.
Centef?

mm
in.
20.638

9 1.0082

23.812

9 1.1830

24.237

2 1.1420

28.575

1.4240

23.81

9 1.1875

19.845
000

24.608
406

30.162

.6250

30.162

.6250

34.925
9375

Inner-Outer
Part Number

284 - 20248
8125 -0.25

3968 - 30208
9375 -0.18

83 4728
9542 0.16

586 563-B
1.1250 -0.32
2 3328 33462-B
9375 0.11

27899 - 27620-8
7813 0.02

42359 - 42587-B
9688 0.12

633 672-B
1.1875 0.11

687 672-B
1.1875 0.11

71286 - 71750-8

1.3750 -0.26



PRECISION TAPERED ROLLER BEARINGS

TSF STYLE
-
—|C> |
>
D d D
Do b a Dl
Mounting Dimensions ‘ Stiffne8s
R da do r Da ‘ Do ‘ Speed Wi,
Max. Shaft Fillet Rad. Shaft Backing Max. Housing Fillet Housing Backing ‘ K(16) = Ka(10) R Rating®)
at Cone Backface Diameter Rad. at Cup Backface Diameter

mm mm mm mm mm ‘ mm ‘ N/mm kN N/mm kN RPM kg

in. in. in. in. in. in Ibs./in. Ibs. Ibs./in. Ibs. Ibs.

35 52.0 58.0 13 82.0 76.0 1.68 22 0/170 13 620065
0.14 2.05 2.28 0.05 3.23 2.99 9.60 504 0.97 298 6200 1.43
35 74.0 80.0 33 108.0 99.0 2.33 33 0318 23 4600 1.18
0.14 2.91 3.15 0.13 4.25 3.90 13.30 749 1.82 516 4600 2.61
35 77.0 83.0 08 115.0 108/0 2.08 3.4 0.261 23 4300 1.36
0.14 3.03 3.27 0.03 453 4.25 11.90 774 1.49 510 4300 2.99
35 78.0 85.0 33 121.0 1120 271 4.7 0.303 2.9 4100 1.97
0.14 3.07 3.35 0.13 476 4.41 15.50 1060 1.73 660 4100 4.3
35 80.0 87.0 33 114.0 104.0 2:38 3.3 .383 25 4300 1.25
0.14 3.15 3.43 0.13 4.49 4.00 13.60 747 2.19 557 4300 2.75
35 90.0 96.0 15 123.0 115/0 2.27 28 0.332 2.0 3800 1.08
0.14 3.54 3.78 0.06 484 4.53 12.90 632 1.90 450 3800 2.37
3.0 98.0 104.0 33 152.0 134.0 2.52 3.9 0518 33 3300 2.13
0.12 3.86 4.09 0.13 5.8 5.28 14.40 879 2.96 741 3300 4.70
35 106.0 113.0 33 160.0 149.0 3.39 5.4 0.635 5.1 3000 3.79
0.14 4.17 4.45 0.13 6.80 5.87 19.30 1430 3.62 1150 3000 8.3
35 112.0 118.0 33 160.0 149.0 3.39 5.4 0.635 5.1 3000 3.47
0.14 4.41 4.65 0.13 6.80 5.87 19.30 1430 3.62 1150 3000 7.6
35 125.0 132.0 33 181.0 171.0 428 8.7 0.627 6.2 2700 531
0.14 4.92 5.20 0.13 743 6.73 24.50 1960 3.58 1400 2700 11.7
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PRECISION TAPERED ROLLER BEARINGS
TXR STYLE

TXR STYLE
METRIC PRECISION LEVEL S,P

INCH PRECISION LEVEL 3.0
TIMKEN CROSSED ROLLER BEARING

Compact design offers lowest possible center of gravity in
precision rotational applications. Simpli ed construction facilitates installation
and adjustments.

Provides low starting torque.

Stability of bearing greatly enhanced by effective spread and
high stiffness of double roller set. Additional sizes and tolerances available upon

Ideal choice for table bearing for vertical machining operations. special request.

Precision Level S

‘ Load Ratind®
D d T R 7) 2 Part
Cong. 0.D. Bore Width Radius Radial) Axial K® Preload®?) Numbef6)
mm mm mm ‘ mm kN ‘ kN mm
in. in. in. in. Ibs. Ibs. in.
400.000 300.000 37.000 15 63.0 80/1 0.025 t0 0.040
2 0.45 JXR637050
15.7480 11.8110 1.4567 0.06 14200 18000 0.001 t0 0.0015
425.000 310.000 45.000 25 82.2 102.0 0.025 t0 0.040
2 0.46 JXR652050
16.7323 12.2047 17717 0.10 18500 02900 0.001 t0 0.0015
495.000 370.000 50.000 3.0 93.6 119.0 0.040 to 0.050
2 0.45 JXR699050
19.4882 14.5669 1.9685 0.12 21000 06800 0.0015 to 0.002
Precision Level P
400.000 300.000 | 37.000 15 63.0 80l1 0.025 to 0.040
2 0.45 JXR637050
15.7480 11.8110 1.4567 0.06 14200 18000 .001 o 0.0015
425.000 310.000 | 45.000 25 822 102.0 0.025 t0 0.040
2 0.46 JXR652050
16.7323 12.2047 1.7717 0.10 18500 02900 .001 to 0.0015
495.000 370.000 | 50.000 3.0 93.6 119.0 0.040 to 0.050
2 0.45 JXR699050
19.4882 14.5669 1.9685 0.12 21000 06800 0015 t0 0.002

(Tighter tolerances are possible on any of the part numbers shown for higher precision requirements.

(2Negative value indicates effective center within the backface of the cone.

(®The Timken Company calculation based on one million revolutions for L10 life.

(@The Timken Company life calculations based on 90 million revolutions for L10 life. C90 is radial load component force; Ca90 is axial component.
GFor synthetic high-speed grease in appropriate Il quantities with service interval and appropriate setting.

Other methods may further improve speed by as much as 60 percent or more.

(6For explanation of spindle system characteristics, please refer to pages2®&ngineering Section.

NOTE: Application of these preload values assumes suggested tting practice in Engineering Section is used.
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PRECISION TAPERED ROLLER BEARINGS

TXR STYLE
—° |
R T
I\‘ ‘\\\
O |~—d
\\ N -y
2 . ]
1 7’ ", 1
P\ :
NS \ R
Cong. 1
Precision Level 3
Load Ratind® ‘
D d T R ) 5
Cong. 0O.D. Bore Width Radius Radiaft) Axial K2 Preload?) | Part l(\é;meer
mm mm mm mm kN ‘ kN mm ‘
in. in. in. in. Ibs. Ibs. in.
, 279.400 203.200 31.750 15 51.3 616 45 | 0.025100.040 yRaoe051
11.0000 8.0000 1.2500 0.06 11500 13800 0.001 to 0.0015
, 457.200 330.200 63.500 33 1000 1230 47 0.04010 0.050  yRe78052
18.0000 13.0000 2.5000 0.13 22500 27600 0.0015 to 0.002
, 609.600 457.200 63.500 3.3 1410 1780 ¢4 0.040100.050  yR766051
24.0000 18.0000 2.5000 0.13 31600 40100 0.0015 to 0.002
, 760.000 580.000 80.000 6.4 240.0 2000 (46 0.075100.100  yRg20060
29.9213 22.8346 3.1500 0.25 53900 67200 0.003 to 0.004
, 914.400 685.800 79.375 33 270.0 3440 (45 0.075100.100  yRgs50s3
36.0000 27.0000 3.1250 0.13 60700 77200 0.003 to 0.004
, 1117.600 901.700 82.55 3.3 300,0 3960 a4 0.100100.150  yRg82055
44.0000 35.5000 3.2500 0.13 67400 88900 0.004 to 0.006
, 1327.150 1028.700 114.300 33 405.0 5340 44 0.125100.180  yRgg9058
52.2500 40.5000 4.5000 0.13 91000 120000 0.005 to 0.007
, 1828.800 1549.400 101.600 3.3 518.0 699.0 43 0.150100.200  yRge7051
72.0000 61.0000 4.0000 0.13 116000 157000 | 0.006 to 0.008
Precision Level 0
) 279.400 203.200 31.750 15 51.3 616 4 0.025100.040  yRa96051
11.0000 8.0000 1.2500 0.06 11500 13800 0.001 to 0.0015
) 457.200 330.200 63.500 3.3 100.0 1230 447 0.040100.050  yRe78052
18.0000 13.0000 2.5000 0.13 22500 27600 0.0015 to 0.002
, 609.600 457.200 63500 3.3 141.0 1780 g4 0.040100.050  yR766051
24.0000 18.0000 2.5000 0.13 31600 40100 .0015 to 0.002

TIMKEI® FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONEXATALOG



PRECISION TAPERED ROLLER BEARINGS
TSHR STYLE

TSHR STYLE

HYDRA-RIB AND SPRING-RIB
TIMKENY HYDRA-RIB BEARING

Precision metric bearing available in any precision class.

TIMKEMN SPRING-RIB BEARING

(NOT INCLUDED IN CHART BELOW)
Bearing preload maintained using spring pressure.
Available in JP5000, JP8500, JP11000 and JP17000 series.

Ideal choice for applications with relatively constant
load and speed.

Floating outer ring rib maintains preload using uid pressure.

Unique design allows for thermal expansion of spindle while
maintaining desired preload.

Ideal choice for oating position bearing set.
Choices of light, medium or heavy preload settings

Only minor modi cations needed on existing spindles to install. e U
(medium is standard).

Speed ratings for Hydra-Rib and Spring-Rib bearings are

signi cantly higher than standard ribbed-cone designs. Consult
the Engineering Section for greater detail, or contact your
Timken representative. |

Call for available sizes.

| |
d Dy D T1 Goo C a
Bore Flange Dia. Seat Dia. Width Load Ratind?d Cup Width Seat Width Eff. Centdd)
mm mm mm mm kN mm ‘ ‘ mm
in. in. in. in. Ibs. in. in.
50.000 103.175 104.000 31.000 206 66.000 15.000 -13.0
1.9685 4.0620 4.0945 1.2205 4630 2.5084 0.5906 -0.51
50.000 103.175 104.000 31.000 206 66.000 15,000 -13.0
1.9685 4.0620 4.0945 1.2205 4630 2.5084 0.5906 -0.51
50.000 103.500 104.000 31.000 206 66.000 15,000 -13.0
1.9685 4.0748 4.0945 1.2205 4630 2.5084 0.5906 -0.51
50.000 103.175 104.000 31.000 206 66.000 15,000 -13.0
1.9685 4.0620 4.0945 1.2205 4630 2.5084 0.5906 -0.51
75.000 130.000 122.000 22.000 23.1 65.000 10,000 -10.2
2.9528 5.1181 4.8031 0.8661 5190 2.5501 0.3937 -0.40
75.000 130.000 122.000 22.000 23.1 65.000 10.000 -10.2
2.9528 5.1181 4.8031 0.8661 5190 2.5591 0.3937 -0.40
85.000 148.000 140.000 23.500 30.1 66.000 10,000 9.1
3.3465 5.8268 5.5118 0.9252 6760 2.5084 0.3937 -0.36
85.000 148.000 140.000 23.500 30.1 66.000 10,000 9.1
3.3465 5.8268 5.5118 0.9252 6760 2.5084 0.3937 -0.36
95.000 158.000 145.000 21.000 295 70.000 10.000 43
3.7402 6.2205 5.7087 0.8268 6640 2.7559 0.3937 0.17
95.000 158.000 145.000 21.000 295 70.000 10.000 43
3.7402 6.2205 5.7087 0.8268 6640 2.7559 0.3937 0.17
100.000 178.000 170.000 27.000 34.1 70.000 12/000 10.4
3.9370 7.0079 6.6929 1.0630 7660 2.7559 0.4724 0.41
110.000 178.000 170.000 27.000 34.1 70.000 12/000 10.4
4.3307 7.0079 6.6929 1.0630 7660 2.7559 0.4724 0.41
115.000 190.000 180.000 26.000 42.0 70.000 12/000 71
45276 7.4803 7.0866 1.0236 9440 2.7559 0.4724 -0.28
120.000 190.000 180.000 26.000 42.0 70.000 12/000 7.1
4.7244 7.4803 7.0866 1.0236 9440 2.7559 0.4724 -0.28

(INegative value indicates effective center within the width of the inner ring.
(@The Timken Company life calculations based on 90 million revolutions for L10 life.
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PRECISION TAPERED ROLLER BEARINGS

TSHR STYLE
| C |
D
Mounting Dimensions Stiffness
Hydra-Rib R Shaft r
Part Number Shaft Radius Shoulder Dia. | Housing Radius @) R Ka (10) R
mm mm mm N/mm kN N/mm kN
in. in. in. Ibs./in. Ibs. Ibs./in. Ibs.
3.0 61.0 1.0 1.18 2.06 0.126 1.25
JP5049PH-JP5017HR
0.12 2.40 0.04 6.77 463 0.721 282
3.0 61.0 1.0 1.18 2.06 0.126 1.25
JP5049PH-JP5020HR
0.12 2.40 0.04 6.77 463 0.721 282
3.0 61.0 1.0 1.18 2.06 0.126 1.25
JP5049P-JP5019HR
0.12 2.40 0.04 6.77 463 0.721 282
3.0 61.0 1.0 1.18 2.06 0.126 1.25
JP5049P-JP5020HR
0.12 2.40 0.04 6.77 463 0.721 282
3.0 85.0 2.0 1.43 231 0.177 1.52
JP7548P-JP7520HR
0.12 3.35 0.08 8.14 519 1.01 341
3.0 85.0 2.0 1.43 231 0.177 1.52
JP7549P-JP7519HR
0.12 3.35 0.08 8.14 519 1.01 341
3.0 96.0 2.0 1.77 3.01 0.212 1.93
JP8548-JP8518HR
0.12 3.78 0.08 10.1 676 1.21 435
3.0 96.0 2.0 1.77 3.01 0.212 1.93
JP8549P-JP8519HR
0.12 3.78 0.08 10.1 676 1.21 435
3.0 107.0 1.5 1.76 2.95 0.222 1.95
JP10048-JP10019HR
0.12 421 0.06 10.0 664 1.27 439
3.0 107.0 1.5 1.76 2.95 0.222 1.95
JP10048-JP10019HRA
0.12 421 0.06 10.0 664 1.27 439
3.0 114.0 1.0 2.05 3.41 0.224 2.10
JP11035-JP11019HR
0.12 4.49 0.04 11.7 766 1.28 471
3.0 122.0 1.0 2.05 341 0.224 2.10
JP11048-JP11019HR
0.12 4.80 0.04 11.7 766 1.28 471
3.0 128.0 1.0 2.41 4.20 0.310 2.80
JP12043P-JP12019HR
0.12 5.04 0.04 13.8 944 1.77 630
3.0 132.0 1.0 241 4.20 0.310 2.80
JP12049P-JP12019HR
0.12 5.20 0.04 13.8 944 1.77 630

Continued on next page.
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PRECISION TAPERED ROLLER BEARINGS
TSHR STYLE

HYDRA-RIB AND SPRING-RIB

TIMKEN HYDRA-RIB BEARING TIMKEN SPRING-RIB BEARING
Precision metric bearing available in any precision class. (NOT INCLUDED IN CHART BELOW)
Floating outer ring rib maintains preload using uid pressure. ¢ Bearing preload maintained using spring pressure.
Unique design allows for thermal expansion of spindle while Available in JP5000, JP8500, JP11000 and JP17000 series.
maintaining desired preload. Ideal choice for applications with relatively constant
Ideal choice for oating position bearing set. load and speed.

Only minor modi cations needed on existing spindles to install.” Choices of light, medium or heavy preload settings

. . . . . (medium is standard).
Speed ratings for Hydra-Rib and Spring-Rib bearings are

signi cantly higher than standard ribbed-cone designs. Consult® Call for available sizes.
the Engineering Section for greater detail, or contact your
Timken representative. |

|
d D1 D T1 Coo C (e} a
Bore Flange Dia. Seat Dia. Width Load Rating® Cup Width Seat Width Eff. Centéd)
mm mm mm mm kN mm ‘ mm mm
in. in. in. in. Ibs. in. in. in.

125.000 200.000 190.000 29.000 49.9 72.0b0 12,000 -7.6
4.9213 7.8740 7.4803 1.1417 11200 2.#3346 0.4724 -0.30
130.000 200.000 190.000 29.000 49.9 72.0b0 12,000 -7.6
5.1181 7.8740 7.4803 1.1417 11200 2.@346 0.4724 -0.30
135.000 213.000 205.000 27.000 50.6 72.0b0 13,000 -15.8
5.3150 8.3858 8.0709 1.0630 11400 2.#3346 0.5118 -0.62
140.000 213.000 205.000 27.000 50.6 72.0b0 13,000 -3.8
5.5118 8.3858 8.0709 1.0630 11400 2.#3346 0.5118 -0.15
155.000 235.000 227.000 30.000 60.9 76.0b0 15/000 -5.1
6.1024 9.2520 8.9370 1.1811 13700 2.’9921 0.5906 -0.20
160.000 235.000 227.000 30.000 60.9 79.0b0 15000 -5.1
6.2992 9.2520 8.9370 1.1811 13700 3.‘1102 0.5906 -0.20
170.000 248.000 240.000 30.000 62.9 79.0b0 15,000 -4.8
6.6929 9.7638 9.4488 1.1811 14100 3.‘1102 0.5906 -0.19
180.000 268.000 260.000 30.000 63.6 84.0b0 15,000 -1.8
7.0866 10.5512 10.2362 1.1811 14300 #.3071 0.5906 -0.07
200.000 290.000 282.000 32.000 74.6 83.0b0 17,000 -0.8
7.8740 11.4173 11.1024 1.2598 16800 i.2677 0.6693 -0.03
220.000 316.000 308.000 32.000 80.8 83.0b0 17/000 -5.3
8.6614 12.4409 12.1260 1.2598 18200 1#.2677 0.6693 -0.21
270.000 385.000 375.000 40.000 114. lOS.bOO 20.000 0.0
10.6299 15.1575 14.7638 1.5748 25700 4.1339 0.7874 0.00
285.750 385.000 375.000 40.000 114. lOS.bOO 20.000 0.0
11.2500 15.1575 14.7638 1.5748 25700 4.1339 0.7874 0.00

(INegative value indicates effective center within the width of the inner ring.
(@The Timken Company life calculations based on 90 million revolutions for L10 life.
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PRECISION TAPERED ROLLER BEARINGS

Hydra-Rib
Part Number

JP13043P-JP13016HR

JP13049P-JP13016HR
JP14043P-JP14019HR
JP16043P-JP16019HR
JP16049P-JP16019HR
JP17049P-JP17019HR

JP18049P-JP18019HR

JP14049P—JP14019+—1R
JP20049P—JP20019+—1R
JP22049E-JP22019HR

JL555239-JL55512

JL555235-JL55512+R
-

Shaft Radius

mm
in.

3.0
0.12
3.0
0.12
3.0
0.12
3.0
0.12
3.0
0.12
3.0
0.12
3.0
0.12
3.0
0.12
3.0
0.12
3.0
0.12
4.0
0.16
4.0
0.16

Mounting Dimensions
Shaft
Shoulder Dia.
mm
in.
138.0
5.43
138.0
5.43
148.0
5.83
152.0
5.98
169.0
6.65
172.0
6.77
182.0
7.17
193.0
7.60
213.0
8.39
233.0
9.17
293.0
11.54
293.0
11.54

r
Housing Radius

mm
n.
1.0
0.04
1.0
0.04
1.0
0.04
1.0
0.04
1.0
0.04
1.0
0.04
1.0
0.04
1.0
0.04
1.0
0.04
1.0
0.04
4.0
0.16
4.0
0.16

K (16)

N/mm
Ibs./in.

2.78
15.9
2.78
15.9
2.75
15.7
2.75
15.7
3.16
18.0
3.16
18.0
3.36
19.2
3.44
19.6
3.47
19.8
3.93
22.4
6.19
35.4
6.19
354

kN

Ibs.

Stiffness
Ka (10)
N/mm
Ibs./in.
4.99 0.200
1120 1.14
4.99 0.200
1120 1.14
5.06 0.406
1140 2.32
5.06 0.406
1140 2.32
6.09 0.441
1370 2.52
6.09 0.441
1370 2.52
6.29 0.432
1410 2.47
6.36 0.495
1430 2.83
7.46 0.471
1680 2.69
8.08 0.644
1820 3.68
11.40 0.666
2570 3.8
11.40 0.666
2570 3.8

TSHR STYLE

kN
Ibs.

2.50
561
2.50
561
3.62
813
3.62
813
4.24
953
4.24
953
4.19
943
4.49
1010
5.12
1150
6.09
1370
6.98
1570
6.98
1570
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TAPERED ROLLER BEARING BORE DIAMETERS FOUND IN THIS CATALOG

TAPERED ROLLER BEARING
BORE DIAMETERS
FOUND IN THIS CATALOG

TSF

TS |

Series

TXR |

TSHR |

40 60 80 100 120 140 160 180 200 220 240 260 28% 1580 1520 1540 1560

Bore Diameter (mm)

TSF | |

TS |

Series

TXR /

TSHR |

1R 2 2R e 2R N VN [N ER A AR 7 7R 2 QR Q QR in 1NK 11\11'—'\ 12 [Ne] BEQOR AN F
Bore Diameter (in.)

Fig. 109. Bore diameters.
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SUPER PRECISION
BALL BEARINGS

The following topics are covered within this section:

Nomenclature. . .......... .. 12Q.
Bearing Types. ... oo 125 .
Applications. . ... i 128..
SpindleBearings. ..o 132.
Ball Screw SupportBearings . .............coou... 194
Ex-Cell-O Spindle Bearings. .. ................c..... 212

Ball Bearing Bore Diameters Found In This Catalag . . .214
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SUPER PRECISION BALL BEARINGS
NOMENCLATURE

NOMENCLATURE
ISO

C 7004 C T VV P4 DUL A3188

Angular Contact

Contact Angle:

High-Speed Seals An example of a

Construction: C 15° speci cation number
No E 25° for other than standard.
symbolAngular contact; F 18°
low shoulder on .
outer ring Bore Size: Cage:
HX;lAnguI;a\r clgntact; 82 113 rr\;r; T phenolic (composition)
ow shoulder on MBR  machined bronze
both rings 02 15mm
03 17 mm PRL molded polymer cage
Ball Material: 04 20 mm o
No material callout (04 and up, Precision Class:
implies steel ?ngt:]pdﬁt[?:rsse};;s; P4 high precision ISO
C ceramic to get bore in mm) P4 (ABEC7)

Series:

Angular Contact Ball Bearings:
7190Q@iltra-light
7000extra-light
7200Qight
7300medium

Deep Groove Ball Bearings:
600Qextra-light
6200ight
6300medium

Fig. 110. ISO nomenclature.

P4S  super high precision:
between ISO P4

(ABEC 7) and ISO

P2 (ABEC 9) P2 ultra
precision 1ISO P2
(ABEC 9)

Preload: Universal Flush Ground

SU  single bearing

DU  duplex pairs of bearings
TU triplex set of bearings

QU  quadruplex set of bearings

X extra-light
L light

M medium
H  heavy
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SUPER PRECISION BALL BEARINGS
NOMENCLATURE

SUPER PRECISION BALL BEARINGS
ANGULAR CONTACT

2 MM C 91 04 Wil CRVV DUL A3188

Contact Angle: Hybrid Bore Size: High-Speed An example of a
2 15degree Ceramic 00 10 mm Seals speci cation number for
3 25degree 01 12mm other than standard.

No number 02 15mm

denotes 0 03 17 mm Preload: Universal
(deep-groove) 04 20 mm Flush Ground
Other number (04 and upmultiply SU single bearing
denotes these last two numbers DU duplex pairs of bearings
non-standard by 5 to get bore in mm) TU triplex set of bearings
- QU quadruplex set of bearings
Precision Class: Series: Construction: ) X extra-light
MM/MMV  super high precision 9300 ultra-light K' deep-groove; high L light
between ABEC 7 (ISO P4 | 9100 extra-light shoulder on both rings M medium
and ABEC 9 (ISO P2) 99100 extra-light W1 angular contact; low H heavy
MMX ultra-precision 200 light shoulder on outer ring

ABEC 9 (ISO P2) 300 medium WO angular contact; low
shoulder on inner ring

WN angular contact; low
shoulder on both rings

HX angular contact; low
shoulder on both rings

Cage: No cage callout
implies Timkef® PRC
PRB molded nylon cage
PRC molded reinforced
nylon cage
CR phenolic (composition)
— Timken standard
MBR machined bronze

Fig. 111. Super precison ball bearings, angular conatct nomenclature.
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NOMENCLATURE

SUPER PRECISION BALL BEARINGS

BALL SCREW SUPPORT - DOUBLE ROW
METRIC

MM 25 BS 62 DU H

ABEC 7 (ISO P4): Bore Size: Ball Screw O.D. Size: Number of Preload Level:
with tighter lateral mm Support Series mm bearings in set: L light
eccentricity Designation for DU duplex (2) M medium

Metric Number TU triplex (3) H heavy (standard)

QU quadruplex (4)

Fig. 112. Super precision ball bearing, ball screw support, single-row nomenclature - metric.

INCH

MM 9310 WI 2 H DU H

ABEC 7 (ISO P4): Ball Screw Relative Size Design: Series: Number of Preload Level:
with tighter lateral | Support Series of Bore: Timken No callout denotes | bearings in set: L light
eccentricity Designation for| | Larger number (vs. ABMA) standard capacity | | DU duplex (2) M medium
Metric Number ||  larger bore speci cations H high capacity| | TU triplex (3) H heavy (standard)

QU quadruplex (4)

Fig. 113. Super precision ball bearing, ball screw support, single-row nomenclature - inch.
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NOMENCLATURE

SUPER PRECISION BALL BEARINGS

BALL SCREW SUPPORT - DOUBLE ROW
METRIC

MM N 5 25 BS 5/ PP D M

ABEC 7 (ISO P4): 5 double-row Ball Screw Support Double Seals Preload Level:
with tighter lateral Series Designation L light
eccentricity for Metric Number M medium

H heavy (standard)

N non- anged Bore Sizemm 0.D. Sizenm Number of bearings in set:
F anged D duplex (2)
Q quadruplex (4)

Fig. 114. Super precision ball bearing, ball screw support, double-row nomenclature - metric.

SUPER PRECISION BALL BEARINGS

BALL SCREW CARTRIDGE UNITS
METRIC

BS BU 35 D 50 H

Ball Screw Support Bore Sizemm Preload Level:
Series Designation H heavy preload

for Metric Number Number of bearings in set:

D duplex (2)

BUbolt-on anged unit Q quadruplex (4)

PB pillow block
For BU Styleouter diameter for
housing insertion
For PB Style center height
(both in mm)

Fig. 115. Super precision ball bearing, ball screw cartridge units nomenclature - metric.
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SUPER PRECISION BALL BEARINGS

NOMENCLATURE

MEANINGS OF PREFIXES AND SUFFIXEERFORMANCE

In the Timken numbering system, the basic number, which denot®he most widely recognized de nition of quality is contained within
the size and series, is always retained. When special variations afige ABEC/ISO classes; however some factors affecting performance

made, as in the case of precision bearings, pre xes and suf xes argf a bearing are not completely de ned within these standards. This
added, which have de nite meanings as follows:

MV P4
MM (P4S)
2MM/2MMV
(C-P4S)

3MM/3MMV
(E-P4S)

MMX (P2)
K(6)

W(7)
HX(7)

CR(T)
MBR
SR
PRB
PRC
PRL

PRF, PRG
SuL
SUM
SUH
DUL
DUM
DUH
TUL
TUM
TUH
QUL
QUM

QUH

High Precision, ABEC 7 (ISO P4)

Super Precision, ABEC 7/ABEC 9 (1ISO P4/P2)

Super Precision between ABEC 7 and ABEC 9
(ISO P4/P2), Low contact angle - 15 degree

Super Precision between ABEC 7 and ABEC 9
(ISAP4/P2), High contact angle - 25 degree

Ultra-precision, ABEC 9, (ISO P2)

Deep-groove high shoulder on both inner

and outer ring

Angular contact low shoulder on outer ring
Angular contact low shoulder on both inner

and outer ring

Composition cage (non-metallic)
Machined bronze cage

Machined steel cage

Molded nylon cage

Molded nylon cage (reinforced)
Molded reinforced nylon cage
Special high-performance material
Universally ground single bearing,
Light preload

Universally ground single bearing,
Medium preload

Universally ground single bearing,
Heavy preload

Universally ground duplex bearings,
Light preload

Universally ground duplex bearings,
Medium reload

Universally ground duplex bearings,
Heavy preload

Universally ground triplex bearings,
Light preload

Universally ground triplex bearings,
Medium preload

Universally ground triplex bearings,
Heavy preload

Universally ground quadruplex bearings

Light preload

Universally ground quadruplex bearings

Medium preload

Universally ground quadruplex bearings

Heavy preload

allows for a signi cant range of variability in product performance
among bearing manufacturers. To provide premium performance,
all Timken ball bearing MV(P4), MM(P4S), MMV(P4S) and MMX(P2)
precision grades comply with strict controls over these natisd
parameters — all of which can have a direct impact on the service life
and performance of a bearing.

OPTIMIZED GRADES OF PRECISION
MV (P4) —
HIGH PRECISION (ABEC 7, ISO P4)

Precision bearings manufactured to the MV tolerance class operate
with running accuracy, performance levels and dimensional controls
meeting ABEC 7 (ISO P4). Bore and O.D. surfaces are coded in micron
units to help with selection of the appropriate tolerance spread for
universal adjacent-mounting to ensure optimum shaft and housing ts.

MM, MMV (P4S) —
SUPER PRECISION, SUPER HIGH PRECISION
(ABEC 7/9, 1ISO P4/P2)

Super precision bearings manufactured to the MM(V) taterelass

operate with running accuracy and performance levels meeting ABEC

9 (ISO P2) and remaining features at ABEC 7 (ISO P4) levels. Bore
and O.D. surfaces are coded in micron units for the convenience of
the discriminating machine tool builder striving for optimum tting of
crucial spindle components.

MMX (P2) —
ULTRA-PRECISION (ABEC 9, ISO P2)

Super precision bearings with closer tolerances and running
accuracies than ABEC 7 (ISO P4) bearings are made to ABEC 9 (ISO P2)
tolerances. Bearings produced to these tolerances are generally used

on ultra-high-speed grinding spindles designed for tight dimensional
tolerances and super ne surface nishes. Contact your Timken
representative for availability of product range.
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BEARING TYPES

BEARING TYPES

ANGULAR-CONTACT BEARINGS
2MV-WI (7-C-P4) 2MMV AND 3MMV-HX

2MV-WI (7-C-P4) types with 15 degree initial contact angle a(§|X7'C'P4S AND HX7'E'P4S)
designed to meet the needs of machine builders for precision bearinggimy and 3MMV-HX (HX7-C-P4S and HX7-
that are highly precise, cost effective and are radially stiff while alsp-p4S) are dimensionally interchangeable
accommodating thrust loads to a certain extent. As a result, thesgith equivalent 9100, 99100, 9300 and 1SO
bearings are used extensively in cutting tools, live spindles and textiries 10 and 19 bearings. These designs

applications. enable spindle heads to remove more
material in less time while maintaining Fig. 117.
superior machining tolerances. This is 2ZMMV-HXVV and
3MV-WI (7-E-P4) P 9 SMMV-HXVY

( b . dwith q aclhieved through a proven combination ypes
3MV-WI (7-E-P4) bearings are manufactured with a 25 degree inifi ; : i

o . e . lunique ball complements with precision (HX7-C-VV-P4S
contact angle and exhibit a high axial rigidity and take up relat'veé\ﬁgineering of raceway geometries. and
higher axial loads. These bearings are the common choice for use HX7-E-VV-P4S).
in precision commercial lathes and vertical spindle applications.

2MM-WI (7-C-P4S)

2MM-WI (7-C-P4S) types with 15 degree initial contact angle a?eMMV AND SMMV-HX VV
designed to meet the needs of machine builders for precision bearing)l§|X7'C'Vv'p4S AND HX7-E-
that will operate at as low a temperature as possible for a wide rangé\/-P4S) :
of speeds and operating loads. In order for machines to producgnv and 3MMV-HX VV (HX7-C-VV-P4S i
more accurate work at a higher production rate, the bearings mugt,4 HX7-E-VV-P4S) possess all of the TR
provide a high degree of rigidity in both axial and radial directioqﬁgh_speed advantages of the HX but
while operating at minimum temperatures. For example, precisi%d pre-lubrication and true-high-speed Fig. 118
machining or cutting tools impose heavier loads on bearings th%‘%als. These bearing seals help protect MMQBOOWI DUH
those encountered in precision grinding. In the former, speeds aff, | bricant from outside contaminants  (Inch)

slower and loads heavier than the latter, where speeds are high a%”e ensuring internal lubricant retention. MM-BS-DUH
loads light. The 2MM-WI (7-C-P4S) Type gives the machine builder (Metric).

the exibility required to meet such variations in applications.

3MM-WI (7-E-P4S)

3MM-WI (7-E-P4S), manufactured with 25 y
degree initial contact angle, are for use on
applications where the loading on the initial
bearings is predominately axial and a high
degree of axial rigidity is required. Typical
applications for these are large vertical rotary

BALL SCREW SUPPORT BEARINGS

To meet the demands of the servo-controlled machinery eld, the
Timke® ball screw support bearings (BSSB) are specially designed
with steep contact angles and offer high levels of stiffness for ball
screw application requirements. Timken’s most recent product
surface grinders, horizontal and vertical disc offering in this area is a series of double-row, sealed, anged (or

grinders, and thrust bearing applications for Fig- 116. cartridge) units that use an integral double-row outer ring to help
heavy-d;Jty lathes where the bearings must7'C'P4’ 7-E-P4, simplify installation procedures. Timken offers the followall

7-C-P4S and i .
directly carry extremely high tail stock or 7_g pss Types screw support bearing products:
chucking pressure. (7-C-P4S and Inch Series BSSB (MM9300).

7-E-P4S). Metric Series BSSB (MMBS).

Flanged cylindrical cartridge housed units (BSBU).
Pillow block housed units (BSPB).
Integral double-row units (MMN, MMF).
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BEARING TYPES

MICRON BORE AND O.D. CODING FORALL SCREW SUPPORT BEARING
BALL BEARINGS MOUNTING ARRANGEMENTS

To better match machine tool bearings to spindles, Timken offefd! alignm(_ant mark. is_ placed on the C:Ufler rings of bgaring S(-E'[S as
micron coding for its super precision angular contact ball bearin§hown' This mark 'S_ in the form of a "V when bearings are in the
line. (Micron coding is standard on all products except ball screvvou arrangement (triplex and quadruplex sets only).

support bearings and Ex-Cell-O bearings.)

Micron coding is based on average bore and O.D. diameters. This t eE > THIC THIORE
of coding indicates the deviation from the nominal size in microns.

/‘\\/ /‘\\_//—\ L——L | —
Multiple bearing set coding will re ect maximum O.D. and minimum
bore diameters found within the set.

The coding is marked on the inner and outer rings and on the box L L
label. AlD — —T
I \\
2MM9108WI DUL AlA|ID Al AID|D
9108CCRDUMPA4S
d-3 DUPLEX TRIPLEX QUADRUPLEX
A | o= s s >
Fig. 120. Ball screw support bearing mounting con gurations.
2MM9108WICRDUL
‘ ||| |H| | m Part Description
670 96 07017 0 High Point Mark

05T 436 32888

Assembled in USA OMScrgr;de
ABEC 9-MMV D
Bore(dm) -4 um OD(Dm) - 4 um
Mfr. Brand
Fig. 119. Packaging coding. B(l\)/lriecrggde

TABLE 70.
DEVIATION FROM NOMINAL. Mfr. Lot #
(FULLY TRACEAB Thrust Face I.D.

Micron Micron Inch Date Code
coding Over Incl. Over Incl. Country of Manufacturing

1 0 -1 0.000000 -0.000039

2 -1 -0.000039 -0.000079 ) . )

3 > 10.000079 10.000118 Fig. 121. Super precision markings.

4 -3 -0.000118 -0.000157

5 -4 -5 -0.000157 -0.000197

6 -5 -6 -0.000197 -0.000236

7 -6 -7 -0.000236 -0.000276

8 -7 -8 -0.000276 -0.000315

9 -8 -9 -0.000315 -0.000354

10 -9 -10 -0.000354 -0.000394

11 -10 11 -0.000394 -0.000433

12 -11 12 -0.000433 -0.000472

13 -12 13 -0.000472 -0.000512
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TABLE 71.
TIMKEN'S PRECISION PRODUCT OFFERING
Series Design S'Z.e Precision Gelizle Features
Series Angle
9300 (71900) MV, MM H'gguctzfﬁﬁgi’ege;%’; with
wi 9100 (7000) MV, MM 15°, 25° Ball-piloted cage (PRL)
200 (7200) MV, MM available in 9100 and
300 (7300) MM :
200 series.
9300 (71900 o nro High-speed design with
HX 9100 (7000) MMV 15%25 outer piloted cage.
Spindle 9300 (71900 o oo Sealed high-speed design
Bearings HXWV 9100 (7000 MMV 1525 with outer piloted cage.
WN 99100 MMV 15°, 25° High ngld_lty design with
outer piloted cage.
Ball
Bearings
9100 (7000) . ) .
K 200 (7200) MM 0° Radial i(r?::rp giglrotigéegabzarmg with
300 (7300 P ge-
. Single-row high axial capacity
Single 200 (7200) o L ; h
Row 300 (7300) MM 60 and r|g|d_|ty design with
ball-piloted cage.

Ball Screw Sealed double-row high axial
Support MMN MM 60° capacity design with
Bearings split inner rings.

Double
Row
Flanged and sealed double-row
MME MM 60° hlgh aX|aI.capaC|ty de;lgn with
split inner rings and optional snap
I ring.
ANETA Sk
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APPLICATIONS

APPLICATIONS
Workhead and tool spindles are often the most important componerf§SPEC|AL REQU IREMENTS

of machine tools. Consequently, to reach the requirements for spinq_l|e

. . . igh-speed, grease-lubricated spindles and heavy-precision
speed, work accuracy and nish, selection of the proper size and type - L .
. . L workheads requiring unusual rigidity and running accuracy are a
of ball bearings to support these spindles is critical.

few of the many special problems involving super precision bearings.
Of all the rolling bearing types, super precision ball bearings havithese and many other applications generally require design features

prOVed to be the best value for the wide Varietynethine tool that can be reviewed by your Timken representative_
bearing applications, which cover broad ranges of operating loads,

speeds and lubrication conditions. Duplexed, preloaded, angular

contact bearings with one-piece composition cages have excellent IGH-SPEED INTERNAL-GRINDING SPINDLE
capacity and provide maximum spindle rigidity. These bearing3esigned for internal precision grinding, this spindle incorporates
are widely used to help machines achieve faster speeds, great&MM9106WI-CR (7006C-T-P4S) super precision ball bearings,
accuracy, smoother nishes and higher production rates. preloaded by a coiled helical spring cartridge. Thrust load exerted

Many considerations are involved in the choice of bearings fd?Y the springs ensures close contact of the balls with the bearing
precision applications. Among those that in uence the performanc&AceWays under all operating conditions. The sealed construction
of machine tool spindles are the internal geometry of the bearinggfov'des highly effective protection against intrusion of coolant and
the mounting arrangement, the shaft and housing mounting ts, tr{grelgn matter. Grease is packed and sealed in each bearing prior to

balance and alignment of the rotating parts, and last, but equalﬂfsembly' Operating speed of this spindle is 25000 RPM.

important, the lubrication. While many of these factors are signi cant
in slow-speed applications, all of them must be considered for high-
speed spindles.

A

To minimize de ection under load, shafts for machine tool spindles & o 7=
are designed to have a minimum unsupported length and maximum
cross section. For the same reason, spindle housings are design%. 122. High-speed internal-grinding spindle.
heavy enough to carry the work load. Their cross sections are made

as uniform as possible to reduce stress concentration glurieven

de ection of the frame due to thermal changes. In addition, heavy,

well-proportioned housings can function as sinks to conduct heat/ L T RA-PRECISION SURFACE-GRINDING SPINDLE

away from ball bearings. 2MMX9122WI-DUM (7022C-P2-DUM) super precision bearings,
produced to ABEC 9 (ISO P2) tolerances, are employed in this
SELECTIVE ASSEMBLY horizontal surface-grinding spindle for maximum rigidity and

Under certain conditions, it may be desirable to control ts mor&ccuracy. A back-to-back pair of 2MM312WI-CR-DUL (7312C-CR-
accurately without the added expense of using tighter toleranc€4S-DUL) super precision bearings is used at the floating
bearings and assembly parts. This can be accomplished by selectil@cation. This spindle grinds surfaces that are accurate within
assembly of the bearings, shafts and housings after they are sized #h§006 mm (0.000025 in.), at and parallel, square within 0.0003 mm
sorted according to bores and outside diameters. Timken providé@.000010in.), to a surface nish of 5 rms, or better. The spindle, driven
bore and O.D. micron coding as standard practice for super precisi® & 30 hp motor, operates at 900 RPM. Bearings are packed with
angular contact radial ball bearings. This improved t-up at assemb§rease prior to assembly.

helps to maximize spindle precision.

APPLICATION EXAMPLES

Detailed assembly drawings on the following pages are representati
of successful applications of TimKesuper precision ball bearings; — S | I —— —
high-cycle wheel heads; high-speed internal grinding spindles; sup S50
precision workheads; and high-speed router spindles. Contact your L
Timken representative regarding any of your application problems.

Fig. 123. Ultra-precision surface-grinding spindle.
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PRECISION SURFACE-GRINDING SPINDLE and rigidity of the spindle are ensured and permit a straight housing

. . - . . re. The rear pair of back-to-back bearings is allowed to oat in the
This motorized surface-grinding spindle, operating at 3600 RPM, . _p L g_ ) .
ousing. Lubrication is by pressure-feed oil circulation.

uses 2MM9107WI-DUM (7007C-P4S-DUM )duplex super precision
preloaded bearings at both locations, mounted back-to-back, with

one pair oating. Labyrinth slinger-type sealing prevents entry of o e 11N
contaminants and seals in the grease lubrication. ; ;4«

SN S ———— 5
.. ot Tt | %
=

Fig. 126. Six-spindle automatic-screw machine.

HIGH-SPEED PRECISION-BORING HEAD

This high-speed boring head operates at 2500 to 3000 RPM, employing
angular contact super precision bearings. The front bearings are
of different sizes. The outer ring of the larger bearing abuts and

HEAVY-DUTY PRECISION-BORING SPINDLE g clamped against the housing shoulder. The inboard bearing is
Super precision, duplexed, preloaded bearings mounted back-tgermitted to move axially in its housing under spring load. At the rear
back are used at each location in this boring spindle to help ensul@cation, two spring-loaded bearings of the same size are allowed to
smooth performance and a high degree of radial and axial rigiditpat in the housing as temperature differentials occur in the operation
Operating speeds vary between 200 and 3000 RPM. Equal-lergtindle. With this head, interference shaft ts may be permitted
spacers between the bearings at the workend increase spindl@ithout affecting bearing preload. Excessive heat generation is
rigidit