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As a global leader in bearings and power transmission systemPREC|S|ON BEAR'NGS FOR
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craftsmanship to deliver reliable and efficient performanceMACHINE TOOL APPLICATIONS

that improves productivity and uptime. Timken offers a fu
range of bearings, belts, chains, couplings, gears and lubricant
along with rebuild and repair services.

Timken (NYSE; TKR; www.timken.com) applies its proven expert
in metallurgy, tribology and mechanical power transmission t
create innovative approaches to customers’ complex needs
Global availability of products and engineering talent, combine
with exceptional service delivery across markets, makes Timke
a preferred choice worldwide.

To view more Timken catalogs, go to www.timken.com/catalogs fi
interactive versions, or to download our catalog app to your sma
phone or mobile device.

CATALOG INDEX

INTRODUCTIQON. . ...t 2....
SHELF LIFE AND STORAGE. .. ................o ... 3.
WARNINGS. . ... 4....

ENGINEERING

Bearing Selection Process . ..., 6...
Applied Loads and Bearing Analysis. .................... 25.
Bearing Life and System Life........................... 36..
Permissible Operating Speed and Lubrication............. 42
Run-In Procedures. . ... 51...
Heat Generation and Dissipation .. ..................... 54 .
TOIEranCEeS. . . ..ot 57....
Fitting Practices. .. ... 2. ..
Shaft And Housing Considerations. . ..................... 82.
Mounting DeSIgNS. . . ..o oo vt 86. ..
Setting And Preloading Guidelines. ...................... 94 .

PRECISION TAPERED ROLLER BEARINGS

Nomenclature. . . ... 8. ..
Introduction. . ....... ... 102..
Bearing TYPeS . ..ot e 102..
TS Style —Metric, Inch.......... ... o i 104
TSF Style — Metric, Inch. . ............ ... ... ... 108
TXR Style —Metric, Inch.......... ... ... o it 112
TSHR Style — Metric, Inch............................. 114
Tapered Roller Bearing Bore Diameters

FoundInThisCatalog. . ...........coiiiiiiinnonn.. 118.

SUPER PRECISION BALL BEARINGS

Nomenclature. .. ... 120..
Bearing TYPeS. . . oot
Applications. . . ... 128..
Spindle Bearings. . ... 132..
Ball Screw SupportBearings. ............cviiiniin.. 194
Ex-Cell-O Spindle Bearings. ... ..........ccovvvvveen... 212,
Ball Bearing Bore Diameters Found In This Catalog. . .... 214
APPENDIX
Frequency Coefcients ............ ... ..., 216.
Precision Tag Deviation and Runout Charts. ............. 233
Geometry Factors. .. ... 235
Radial Internal Clearance . ...........oooviiiiiinnn. 237
Bearing Locknutsand Torque. . ............ccoviiiinn... 238
Lubrication Specications. ..., 240
Operating Temperatures for Bearing Component Materials 242
ConversionTables......... . ..., 244. .
INDEX . ot 245 .

TIMKEI® FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONE CATALOC



TIMKEN

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
ball screws, rotary tables and other demanding applications. Oum single row, or in housed units, provide high levels of stiffness
portfolio includes specialized tapered roller and ball bearingand simpli ed installation for the demands of servo-controlled
produced to precision classes that deliver operating characteristicenachinery.

necessary for the highest performance.

Timke® bearings meet or exceed application needs for rotational

accuracy, consistency and rigidity. Longer bearing service IiféA‘SSEMBLE'TO'ORDER PROGRAM

translates to more machine uptime and production. Our premium customer service is leveraged by our global sales and
distribution network. The Assemble-To-Order Program can perform
cost-effective quick delivery of a variety of machine tool ball

PRODUCT BREADTH bearings for product not easily found at local distribution centers.

Brands like Timké&hand Fafnf re ect an extensive line of tapered,
spherical, cylindrical, ball bearings and mounted units for virtually

every machine tool and industrial application. We can offer the rigr']_l OW TO USE TH IS CATALOG

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.

TAPERED ROLLER BEARINGS This publication contains dimensions, tolerances andrktatys,

Timkef® tapered roller bearings have been used for many year@S well as engineering sections describing tting practices for
in machine tool applications due to their widely recognize§hafts and housings, internal clearances and other bearing features.
advantages in stiffness, load-carrying capacity, precision anfOr more information, please use, the

reliability over other bearing designs. Timken Engineering Manual
L ) ) . ~ (order no. 10424), It provides
As applications have achieved much higher cutting speeds, T'mk%gluable assistaN NN

has maintained the same global accuracy level by devempin@]einitial consider T
optimum spindle designs through special internal bearing geomet(r% the type and
and innovative bearing designs.

characteristics of
the bearings that
may best suit your
particular needs.

BALL BEARINGS

Ultra-precision equipment requires more than standard bearings 31
can deliver. Timken super precision ball bearings meet the highest = il
industry standards in tolerance levels (including ABEC 9). Designed =N J e g =

for machine tool applications, our precision ball bearings offer
superior tolerance and performance.

-; o ia”m o, ST, naﬂ*ﬂxﬂ l_
l - . | & ¥ -. .

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 variations in machine
tool applications.
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SH ELF LI FE AN D STO RAG E OF o After a product is removed from its packaging, it should be
GREASE-LUBRICATED BEARINGS placed :Cr]uo service as soon as possFi)bIe. o
AND COM PON ENTS © When removing a product that is not individually packaged

To help you get the most value from our products, Timken providesfrom a bulk pack container, the container should be resealed

immediately after the product is removed.
guidelines for the shelf life of grease-lubricated ball and roller Y P _ _
bearings, components and assemblies.Shelf life information fs D0 Not use product that has exceeded its shelf life as de ned

based on Timken and industry test data and experience. 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

] S ) _ © The relative humidity should be maintained below 60 percent
Shelf life should be distinguished from lubricated bearing and the surfaces should be dry.

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

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

The shelf life is a portion of the anticipated aggregate design Iifé. 1he storage area should be isolated from undue vibration.

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

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

TIMKEN IS NOT RESPONSIBLE FOR THE SHELF LIFE OguidRiines. However, you may be required by circumstances or
BEARING/COMPONENT LUBRICATED BY ANOTHER PARTYapplicable government requirements to adhere to stricter storage
requirements.

. Most bearing components typically ship protected with as@n-
European REACH Comp“ance preventive compound that is not a lubricant. These components

Timken lubricants, greases and similar products soldaindst May be used in oil-lubricated applications without removal of the
alone containers or delivery systems are subject to the Europedi®rrosion-preventive compound. When using some specialized
REACH (Registration, Evaluation, Authorization and Restrictiordé#ase lubrications, we advise you to remove theoson-
Chemicals) directive. For import into the European Union, Timkefgventive compound before packing the bearing components
can sell and provide only those lubricants and greases that anith suitable grease.

registered with ECHA (European Chemicals Agency). For furtheg careful in selecting lubrication, however, since different
information, please contact your Timken engineer. lubricants are often incompatible.

When you receive a bearing shipment, do not remove products
from their packaging until they are ready for mounting so they do
STORAGE not become corroded or contaminated.

Timken suggests the following storage guidelines for our r"Shegtore bearings and bearing housings in an appropriate atmosphere

i li f X ) .
pp:(r):c:]tfé?s(;) earings, components and assemblies, referred to % they remain protected for the intended period.

© Unless directed otherwise by Timken, products should be
kept 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.

TIMKEI® FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOC
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WARNINGS

/\ WARNING

Failure to observe the following warnings could
create a risk of death or serious injury.

Proper maintenance and handling practices are critic
Always follow installation instructions and maintain
proper lubrication.

Overheated bearings can ignite explosive atmospher

Special care must be taken to properly select, instal

maintain, and lubricate housed unit bearings that are (

in or near atmospheres that may contain explosive levg

combustible gases or accumulations of dust such as g
coal, or other combustible materials.

Never spin a bearing with compressed air.
The components may be forcefully expelled.

A bearing/component should not be put into service
if its shelf life has exceeded.

Tensile stresses can be very high in tightly tted beari
components. Attempting to remove such componen

shattering of the component causing fragments of mg

to be forcefully expelled. Always use properly guarde

presses or bearing pullers to remove bearings from sh

and always use suitable personal protective equipme
including safety glasses.

/\ CAUTION

Failure to follow these cautions may
result in property damage.

Do not use damaged housed units.

When tting the inner ring there should be an equal g
at each joint. If there are no gaps do not proceed.

The products catalogued are application speci c. Any
in applications other than those intended could lead
equipment failure or to reduced equipment life.

Use of improper bearing ts may cause damage to t
equipment.

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

by cutting the cone (inner race) may result in a sudden

NOTE

Do not use excessive force when mounting
or dismounting the unit.

al. Follow all tolerance, t, and torque recommendations.
Ensure proper alignment.
Never weld housed units.

es. Do not heat components with an open ame.

Do not operate at bearing temperatures above 121 C (250 F).

sed
b|s of
rain,

Never interchange components between completed
bearing assemblies.

Never use a hammer and steel bar on a bearing for installation
or removal. Use only a brass bar or a soft-headed mallet.

Consult your equipment designer or supplier for installation
and maintenance instructions.

Never use steam or hot water when cleaning the bearings because
these methods can create rust or corrosion.

Never expose any surface of a bearing to the ame of a torch.
Do not heat bearing beyond 149°C (300°F).

NJ  Product performance is affected by many factors beyond the control
S of Timken. Therefore, the suitability and feasibility of all designs
and product selection should be validated by you. This catalog is
provided solely to give you, a customer of Timken or its parent or
af liates, analysis tools and data to assist you in your design.
No warranty, expressed or implied, including any warranty of
merchantability or tness for a particular purpose, is made by
Timken. Timken products are sold subject to a Limited Warranty.

a)

tal
2d
afts,

nt,
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.

DISCLAIMER

This catalog is provided solely to give you analysis tools
and data to assist you in your product selection. Product
performance is affected by many factors beyond the control
of Timken. Therefore, you must validate the suitability and

D feasibility of all product selections.

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/.

ise
fo

Please consult with your Timken engineer for more
information and assistance. Every reasonable effort has
been made to ensure the accuracy of the information in this
eq Writing, but no liability is accepted for errors, omissions or

for any other reason.

e

Warnings for this product line are in this catalog and posted on

http://lwww.timken.com/legal-notices/
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ENGINEERING

ENGINEERING

The following topics are covered within this

Bearing Selection Process. . .. ... 6
Applied Loads and Bearing Analysis.................. 25.

Bearing Life and System Life.......................... 36.
Permissible Operating Speed and Lubrication. ......... 42

Run-In Procedures. . ... .. ... 51
Heat Generation and Dissipation. ..................... 54.
ToleranCes . .. ..ot 57...

Fitting Practices. .. ...... ... i 72. ..

Shaft And Housing Considerations. ................... 82.

Mounting Designs. . . ..ot 86..

Setting And Preloading Guidelines.................... 94.

This engineering section is not intended to be comprehensive, but
does serve as a useful guide in bearing selection.

E_.‘.:%"-j E To view more Timken catalogs, gavtaw.timken.com/catalogs

e .h_ J.:i%:. for interactive versions, or to download a catalog app for your
e Ts ‘E smart phone or mobile device scan the QR code or go to

:‘hi-;-_‘f"* = timkencatalogs.squawqr.com

[=] ey
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BEARING SELECTION PROCESS

BEARING SELECTION PROCESS —
B Tapered Roller Bearing (TS Metric
TIMKEN? SUPER PRECISION BEARING SHo00-| B 0 e o100 (10000 54S)
Manufacturers require machine tools that are extremely accurateS 12009 —
reliable and capable of high levels of productivity. A major& 10000
contribution to the performance of any machine tool is supplied b{g
the rolling bearings used to support the spindles, rotating tablesﬁ.

ball screws and other critical precision positions. A manufacturedx 6000
bearing’s precision level has a major in uence on the ability to=

8000 ]

40004

perform in high-speed applications commonly seen in factory
machining environments. 2000 I 1
o,

WHICH TYPE OF TIMKEN BEARING IS MOST 0 100 130 160

Bore (mm)
APPROPRIATE FOR YOUR MACHINE TOOL Fig. 1. Tapered roller bearing vs. ball bearing maximum
APPLICATION? permissible speed (with synthetic high-speed grease).

To achieve the highest possible performance precision Ieve,n addition to the use of hybrid ceramic technology, further
the majority of machine tool-related bearing applications MU hhancements in speed, as well as control of bearing noise and
address four primary requirements: speed, stiffness, accurac%émperature, can be achieved through cage design or material,
and load capacity. and 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.
o . - . . Engineered for the reduction of friction and minimum heat buildup,
Today’s industrial machining environments stress maximum . . . .
. . this series features unique ball complements and precision-
production rates. To reach these high metal-removal goals, . . . .
. . . . . ., engineered surface geometries. Options for further enhancing
machines are operating at maximum speeds with working spindles ) . . .
. ; . speed include the use of low weight ceramic rolling elements,
tuned to provide premium running accuracy. o : . )

lubrication designed for high speed, and lighter preload levels.

Achievable spindle rotating speeds require management of hegthese are discussed 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

differences in rolling element contact geometry, ball bearings are

superior in minimizing heat generation, especially where higher

speeds are desired.

Cage
(retainer or

separator)
Fig. 1 compares the relative maximum speed of similar cross

section ball and tapered roller bearings (both using synthetic
grease as a baseline lubricant). Therefore, in applications where
higher RPM levels are the primary concern, ball bearings have a
distinct advantage.

Balls

Bearings must be carefully designed to minimize heat generation Cup (outer ring)
and vibration to enable high speeds. Speci ¢ strategies include
overall bearing configuration, precision internal geometry
and material selection. Optimizing bearing ring and shoulder

construction with the ball complement supports higher speed

performance. Engineering raceway and ball geometry helps to Cage
minimize friction, while ceramic rolling elements generate less (retainer or
heat with reduced skidding. separator)

To prevent vibration at high speeds, close bearing tolerances are
required. Timkeéhmachine tool bearings are designed to meet or

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

Tapered rollers

6 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG
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Stiffness

ne)

The ability to minimize tool de ection experienced under cuttingQ
loads is vital to achieving the accuracy needed to produce nisheo'r'sg
parts within speci ed tolerances. Less variance produces betteré
quality and helps keep product scrap levels at a minimurinBear ;‘
have a signi cant effect on spindle stiffness, due to their de ection‘é
under applied load. Because of their internal geometry and rollingg
element type, tapered roller bearings provide considerably higheqé

15

BEARING SELECTION PROCESS

<

o

stiffness levels as shown in Fig. 3 and 4.

m Tapered Roller Bearing (TS Metric)
18000000— O Ball Bearing 2MM9100WI (7000C-P
16000000
1400000
1200000 2000
10000000
8000000
6000000 11000
4000000
2000000

O+ 0
70 100 130 160

Bore (mm)

3000

Radial Stiffness (Ibs./in.)

(N/um)

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

m Tapered Roller Bearing (TS Metric) |
40000001 5 4| Bearing 2MM9100WI (7000C-P4S) ' %°
T 3500000 600
) 0
g 3000000 500
» 2500000 =
2 400 §
£ 2000006 Z
2 150000€ - 300
% 1000000 - 200
500000 - 100
0 4
70 100 130 160
Bore (mm)

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

1 /

0.5 Loading:

/ 100%C00
10%Co0

0 1 1

Stiffness

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 c amount of either end play or
preload.f) 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 Timkefd Hydra-RiBM and Spring-RiM 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

TIMKEI® FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONB CATALOC
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BEARING SELECTION PROCESS

Accuracy Super Precision Ball Bearings, Super High Precision

Another key factor in the machine’s precision is the runou{ABEC 719;1S0 P4/P2)

(rotational accuracy) of the bearing. This affects the geometry anfimken super precision ball bearings manufactured to the MM/
surface nish of the target workpiece. For the ultimate accuracyMMV(P4S) tolerance class operate with running accuracy and
and repeatability of machine tool motion, Tirffkauper precision  performance levels meeting ABEC 9 (ISO P2) standards yet maintain
ball bearings offer the best control, with quietness of operation angther features at ABEC 7 (ISO P4) level for cost-effectiveness. Bore
reduced vibration. To achieve the highest level of precision witend O.D. surfaces are coded in micron units for the convenience of
increased stiffness and load capacity, multiple ball bearings maijie discriminating machine tool builder striving for optimum  tting
be used in sets speci cally designed for this purpose. of crucial spindle components.

The most widely recognized de nition of quality is contained
within the ABEC/ISO classes; however some factors affectingjya-precision Ball Bearings
performance of a bearing are not completely de ned within theSQABEC 9, ISO P2)

standards. This allows for a signi cant range of variability in product . o ) )
performance among bearing manufacturers. To provide premiu;ﬂmken MMX(P2) super precision ball bearings, with closer

performance, all Timken ball bearing MV(P4), MM/MMV(P4S) ar1‘(alerances and running accuracies than ABEC 7 (ISO P4) bearings,

MMX(P2) precision grades comply with strict controls over thes&ghre mac:e to ABEC 9 (ISO ||:|>2) tolsrancTs. E;.ear:lngS p(;od.ucde.d 0
non-speci ed parameters — all of which can have a direct impacf gs(e“to Zran.ces (z:rfe gf.enrf]erz;.y use, onl Y tlra- g -spez grinding
on the service life and performance of a bearing. spindles designed for tight dimensional tolerances and super ne

surface nishes. Contact your Timken representative for availability

TABLE 1. of product range.
PRECISION BEARING CLASSES

Tapered Roller Bearings - Precision Class Precision Tapered Roller Bearings
Timken Metric ‘ c\ q 4 aa  (Class C/S/3, B/P/0 and A/00)
Timken Inch ‘ 3 ‘ 0 ‘ Od 000  The more demanding the precision objective, the more accurate
ISO/DIN ‘ P5 ‘ P4‘ P# - the bearing must be. Timken provides three tapered roller bearing
ABMA Metric \ c\ B‘ 4 - classes, in both metric and inch systems, that cover the full range of
ABMA Inch ‘ 3 ‘ 0 ‘ Od B precision application requirements. In ascending ordacaiiracy,

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.
Ball Bearings - Precision Class

Timken FAFNIR \% MV MM/MM MMX . )
X ‘ ‘ ‘ \4 Precision Plus" Tapered Roller Bearings
TimkeniSO | Ps | P4 | P4s | (Class 000/AR)
ISO/DIN . ps | P4 | - P2
ABMA ‘ ABEC 5‘ ABE¢ 7 ‘ ABEC 9To 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
Crossed Tapered - Precision Class ISO and ABMA standards. Timken’s Precision PlusTM line offers
(metric-nominal) AA level and (inch-nominal) 000 tapered roller

Timken Metric ‘ S ‘ P ) i ) ]
bearings in various sizes and styles.

Timken Inch ‘ 3 ‘ 0

High Precision Ball Bearings (ABEC 7; ISO P4)

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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BEARING SELECTION PROCESS

Timken’s MV (P4) and MMV (P4S) bearings are micron coded)AD CAPACITY

for the best possible fit up with the shaft and housing in th - - .
application. Even though these bearings conform to MV (P pme maghlnlng cgnters, suc.h as rough' grinding operations,
precision dimensionally, allowing for a lenient tolerance spread®'© Strategically designed for higher material removal rates. The
micron coding ensures that the bearing combinations in a set afd¢€d for aggressive feed rates requires higher load-carrying
made so that the bores and outer diameters do not vary by mof@pacities. These loads can be properly distributed among the

than 2um from bearing to bearing. rolling elements by providing a permanent force called “preload”
or "setting." Preload is the strategic removal of radial play within
@ 50mm < bore 80mm . .
0 80mm < OD 120mm the bearing to ensure proper rolling element contact on both the
W Bore: dm-2; OD: DM-3 inner and outer race. While Timken posts its load capacities in
0 the product tables within this catalog, many applications often
-1 approach only a fraction of those limits. For example, workpiece
2 nish may determine the feed rates needed in an application,
3 thereby decreasing the importance of bearing capacity.
£ P4| P4 P4S | P4S P4Y P4Y
4 0
(8]
g
55
(=]
F.e
-7
-8 V)
9 Unloaded Preloaded

. ) . . Fig. 7. Effect of preloading on ball bearing raceway contact.
Fig. 6. Tolerance spreads of a bearing with a bore micron code of

dm-2 and an O.D. micron code of DM-3.
Fig. 8 compares the levels of static capacity of ball vs. tapered

TABLE 2. roller bearings for the bene t of contrasting basic load capability

TYPICAL PRECISION CLASSES FOR COMMON of both bearing types.
MACHINE TOOL BEARING APPLICATIONS

W Tapered Roller Bearing (TS Metric)

* Live tools 90000 O Ball Bearing 2MM9100W!I (7000C-P4S) |~ 400000
Class MV(P4) « Slab milling machines
* Textile spindles g 350000 =
£ 67500 300000 &
* High-speed motorized routers ; @)
« Precision milling/boring machines o 250000 '
Class MMIMMV(P4S) | | Super precision lathes 0] _%
« Precision surface grinding machines (345000 200000 g
i _ 3 - 150000 .2
« Low precision machines = IS
» Drilling machines 22500 - - 100000 ()
Class Cor 3  Conventional lathes
* Milling machines T ~ 50000
* Precision gear drives 04 0
« NC lathes 70 100 130 160
Class B or 0 « Milling/boring machines Bore (mm)

* Machining centers
Fig. 8. Tapered roller bearing vs. ball bearing static capacities.
« Ultra-precision grinding machines

Class MMX(P2) « Ball screws

Consult the topics in this section addressing static and dynamic

« Grinding machines load capacity for more detailed information regarding ball bearings
Class A or 00 :&,%ﬁ‘;ﬁg‘g;gg?nhg?eej and tapered roller bearings to re ne your choice.

of cylindrical grinders ) L . . .
(of ey 9 ) Timken can assist in the nal bearing selection to help you achieve

* High accuracy machines your precision machining production goals. Timkstesf of
Class AA or 000 * Precision measuring instruments L. . . . .
« Special applications application engineers is ready to put its vast experience to any

test for assisting our customers with the challenging bearing

Timken engineers have at their disposal vast resources of engineering data and applicatiapp"cations commonly found in the machine tool industry. Tore ne
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 consideredYOUT search, please turn to the sections covering tapered roller
as a general guideline for common machine tool bearing applications. bearings or ball bearings for more information needed to obtain a
complete Timken part number speci cation.

TIMKEI® FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOC
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BEARING SELECTION PROCESS

TIMKEN MACHINE TOOL Outer race
BEARING DESIGN resultan Raldial

From this introductory discussion and the additional tieahn
content within this catalog, one can obtain an indication of which _
rolling bearing type should be further investigated to meet the

Seating
force

Outer
given set of boundary conditions and performance expectations. race
| resultant B\ G e-----
nner A .

_ race : Axial
TIMKEN PRECISION TAPERED resultant : /
ROLLER BEARINGS
The fundamental design principles of the tapered roller bearing P E
make it an ideal solution for low-speed/high-load or low-speed/ Seating force Radial '

[ I i I |

high-stiffness requirements of machine tool applications.

Inner race

resultant
True Rolling Motion
The angled raceways of a tapered roller bearing enable it to carr
combinations of radial and axial loads. True rolling motion of the
rollers and line contact on the race allow the bearing to run cooler,
and improve spindle stiffness and accuracy as compared to other o
roller bearing types. The true rolling motion is the result of two Fc)'“g??f‘b'
design features: the taper of the roller and the contact between contact

the spherical surface ground on the large end of the rollers and t
race rib. The rollers are designed so extensions of the lines along
the roller body converge toward the centerline of the bearing and
meet at an apex on this centerline (Fig. 9). As a result, there is E\'%
relative slip between the rollers and races.

10. Small seating force from the inner race rib keeps rollers
ned on the raceway.

The tapered con guration of the roller not only ensures that the

Cup surface speeds of the rollers and races match at every point along
(outer ring)

the roller body, but also generates a seating force that pushes the
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
Fig. 9. On-apex design results in true rolling motion at all points accuracy required of today’s machine tool industry and various
along the roller body. related, specialized 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-speed
designs with a variable preload capability for optimum machining
and Precision Plus bearings — having an overall radial runout less
than a single micron.

The application of precision tapered roller bearings is not limited
to machine tools. Wherever spindles turn and rotational accuracyig. 11. TXRDI and TXRDO.
is essential to the machine’s performance, precision tapered roller
bearings can be an excellent choice. Other typical applications

e . . . . Because of the ability of the crossed roller bearing to withstand high
are printing presses, optical grinders, pro le cutters, indexing

. . . .-overturning moments, it is ideal for the table bearing of machine
tables, precision drives, measuring gauges and ball screw drive i ) . } ) .
applications tools such as vertical boring and grinding machines. This bearing

' also is well-suited for other pivot and pedestal applications where

To better serve the global machine tool market, Timken hagace is limited or the lowest possible center of gravity of a rotating
manufacturing resources around the world focused exclusivelyyass is required.

on premium precision bearings. With these dedicated resourc
precision quality is built into the bearing during manufacturing.
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.

es . . . -
_I%rossed roller bearings are available in two precision classes:

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 star . . . .
9 P P 9 ther mounting configurations and sizes of crossed roller

from less than 20.000 mm (0.7874 in.) bore and extends to more than. . . .
. . . earings can be supplied to meet particular assembly or setting
2000.000 mm (78.7402in.) O.D., depending on bearing type. The most ) .
requirements. Please contact your Timken representative for

popular types made in _premsmn clasges are the single-row T?urther information. Also, refer to Section B for more details.
and anged TSF. Comprised of two main separable parts, they are

usually tted as one of an opposing pair. These bearing types are
supported by a range of special bearings which have beegréesi  Hydra-RiB*Bearings
for machine tool applications, such as the variable preload Hydra-

Rib bearing, the high-speed TSMA bearing, and the compact T perience has demonstrated that by optimizing the design

) L . . . arameters of bearing geometry, spindle diameter, bearing spread,
crossed roller bearing, which is available only in precision classe$. 99 Y. SP gsp

) . - ubrication system and mounting, the two single-row bearing layout
Timken also offers a selection of two-row precision tapered roller y 9 g glay

. . i I f .H
bearings types such as the double outer ring type TDO. provides gpod res_u Fs over arange of speeds and p0\_/ver owever,
for very wide variations of speed and load, the variable preload

Timken Hydra-Rib bearing concept is an excellent solution.

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 bearifter ring rib in contact with the large roller ends instead of the
races and rollers brought together at right angles to each otheHsual xed inner ring rib. This oating rib operates within a sealed
with alternate rollers facing opposite directions, within a sectiorfavity at a given pressure controlled by an appropriate hydraulic or
height not much greater than that of a single-row bearing. Als®neumatic pressure system. Changing the pressure consequently
the steep-angle, tapered geometry of the bearing causes the loaghanges the preload in the bearing system.

carrying 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.

Precision Tapered Roller Bearing Types
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Multiple internal geometries are available to ojtameither
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.

Most of the bearing types are available in either 15 degree (2/C) or
25 degree (3/E) contact angles. In addition, Timken now stocks more
Fig. 12. Exploded view of a typical HydraIRibearing. ceramic ball sizes than ever for the highest speed requirements.

The controlled pressure enables the floating rib to maintaid "€ K-type deep-groove (Conrad) super precision radial bearing is
constant spindle preload even though differential thermapenerally used in applications where capacity and stiffness do not
expansion occurs in the spindle system during the working Cyc|égequire sets containing multiple bearings. By virtue of the single-
By changing the pressure, a variable preload setting can readikPW: radial deep-groove construction, and super precision level

be achieved. This unique bearing concept allows the operator fiplerances, these are capable of carrying thrust loads in either

control any machining condition by simply changing the pressurgirection, and have a relatively high-speed capability — especially
to optimize the dynamic stiffness and damping characteristics df @ light axial preload is applied. Timken offers deep-groove

the spindle. Furthermore, the hydraulic or pneumatic pressuréuPer precision radial machine tool bearings in the following 1ISO
control system can easily be monitored by the numerical contrglimensional series:

of the machine. In the case of oil pressure control, the hydraulie SO 10 (9100K/6000 series)

circuit of the machine can be used. ISO 02 (200K/6200 series)

Your Timken representative should be consulted to determine the SO 03 (300K/6300 series)
optimum bearing selection as well as the pressure gures, as a

function of the given running conditions. .
Ball Screw Support Bearings

TlMKE@ SUPER PREC'S'ON BAI_I_ BEAR'NGgo meet the demands of the servo-controlled machinery eld,

Timke® ball screw support bearings are specially designed with
The Timken line of super precision machine tool bearings includegeep contact angles and provide high levels of stiffness for ball
bearings designed to meet ABEC7 (ISO P4) and ABEC 7/9 (ISQ&4{y application requirements. Timken's series of derdvie
P2) tolerance levels. However, Timken manufactures all sup@galed, anged (or cartridge) units use an integral double-row
precision ball bearings to surpass ISO/ABMA criteria to ensure thafyter ring to help simplify installation procedures. Timken offers
the end users receive only the highest quality product to maximizge following ball screw support bearing products:

machine performance. Inch series bearings (MM9300)
Spindle bearings are the most popular type of super precision atric series bearings (MMBS)
ball bearing used within the machine tool industry. These angular
contact bearings are used primarily in precision, high-speed
machine tool spindles. Timken manufactures super precisiofi Pillow block housings (BSPB)
machine tool bearings in four metric ISO dimensional series. In Integral double-row units (MMN, MMF)
addition, because of specialized variations of bearing design and

geometry, Timken offers a total of seven angular contact bearing

types within these four basic series:

ISO 19 (9300WI1/71900, 9300HX/HX71900 series)

ISO 10 (9100WI/7000, 9100HX/HX7000, 99100WN/WN7000 series)
ISO 02 (200W1/7200 series)

ISO 03 (300WI/7300 series)

Flanged cylindrical cartridge housings (BSBU)
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SELECTING THE APPROPRIATE

Speed
MACHINE TOOL BEARING pee
PRECISION TAPERED ROLLER BEARINGS The next most common criteria are the speed capability/limitations

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

The angled raceways allow the tapered roller bearing to Carripternal geometry, the axial setting under operation conditions, the
combinations of radial and axial loads. Since load capacities alle”?am used and meth(?d (?f Qellvery. 'Ijh.ere is a speed gL.udeIme
intrinsically linked to the bearing stiffness, the selection of the mo§tatrix on page 43 that will aid in determining the speed rating and

appropriate tapered roller bearing cup angle can help optimize thiggested lubricant/delivery method for your tapered roller bearing
bearing selection for a given application. application. Included in the appendix is a table listing the G1 and G2

) o ) factors that can be utilized to compare the relative speed dépab
The angularity of the bearing is often described by a factor calleéind heat generation between the various tapered roller bearing

“K." This factor is the ratio of basic dynamic radial load rating (C9Q), o tions. Please refer to the topics on permissible operating
to basic dynamic axial load rating (Ca90) in a single-row bearirwsgpeedS and heat generation 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 thig@gnstruction

K factor, the steeper the bearing angle. (See Fig. 13). . . . .
P g angle. ( g 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

H T speci cally address various machine tool requirements. Each of
Shallow angle for Steep angle for these designs is best suited to a speci ¢ set of application needs.

heavy radial load heavy axial load The key features of each type are highlighted below:
K= Co = 039 TS or TSF Bearing
Caso  tan (a) Most widely used type of tapered roller bearing
E(i)grhtl)%altjigﬁi.gns to support radial and axial loads in any Minimum precision grade Level 3 or C (ISO P5)
TSF has a anged outer ring to facilitate axial location
Available in most bearing series
Size Used in rotating shaft applications

Optimizing stiffness is often a customer's primary design godSMA Bearing

when choosing a tapered roller bearing. This usually results in the Axial oil manifold with axial holes through rib
determination of a desired spindle diameter. Therefore, meeting.a
given envelope narrows the choices for the tapered roller bearing
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

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)

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

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 number is
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 ISO 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
A ious| q N d. stiff bearings are available with standard high (25 degree) and low (15
S previously noted, optimizing speed, stifiness, accuracy anéiegree) contact angles, with additional options upon request. Each

load capacity is often a customer's primary design goal. Th@pe has inherent characteristics that are desirable for machine

usually results in the identi cation of several characteristics that, . . . .
i ) i ) ) . tool spindles. Contact angle is chosen primarily based on the
will determine the nal bearing selection. The following design

i X i predominant load direction.
variables in uence bearing performance as noted. S _
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 60 - highest axial stiffness; _

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

Deep- groove (Conrad) bearings designed with 0-degree contakligh speeds cause centrifugal forces on the ball. A lower contact
angle are best for supporting radial loads or small axial loads engle handles the centrifugal force more favorably as higher
two directions. To support high axial or combination loadsilar  speeds lead to higher internal radial loads.

contact bearings are often preferred. For additional support of

radial and axial load in either direction, sets of bearings in opposing 25 60
directions are utilized. ‘ \/

Radial _COnactangle , ‘ )+ , ‘ ,

load
Combined load

Fig 16. Examples of common machine tool ball bearing
contact angles.

Axial or
thrust load Spindle rotating speeds are limited by heat generated within the
|:> bearing assembly. As viewed in Fig. 17, a lower contact angle
minimizes heat buildup yielding lower operating temperatures at
higher speeds.
Fig 14. Example of ball bearing loading.
120 : ‘
100 ‘ 3MMVC9120HX CR SUL
(@) 25 degree contact angle
o 80 |
=]
g o0 et
® // 2MMVC9120HX CR SUL
40 =
I — 15 degree contact angle
g 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. <

o
A comparison of the curves in Fig. 18 shows the 25-degree conta@t
angle bearing to be more rigid axially under axial loads than th&
15-degree contact angle bearing. Similar comparisons of the radig ///’ i
de ection characteristics of the same two types of angular contact&s 47‘ D
ball bearings can be made from the two graphs shown in Fig. 1@ /////,
These curves show that decreased radial de ections result wherg /,//’
. . @ —~
bearings having a lower, 15-degree angle are used. E /y
Generally, the force for the equivalent preload level for a 15-degree =
contact angle bearing is about one-half that of the preload level for Increasing Radial Load
a 25-degree contact angle bearing. Preload values for all Timken g Light Preload
machine tool grade angular contact bearings are calculatedto give ¢ pedium Preload
optimum performance over a wide range of applications. D Heavy Preload
Low Contact Angle (15 ) — More Radial Rigidit
High Contact Angle (25- More Axial Rigidity gle (15) gy
S 5
5 9
a a
K 8 8
x e} - C
© -
fy; N x /i'/ D
c (@)}
‘B — R £ T _—
% _—
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 Rigidit i ) i .
c gle (15) gty Timken ball screw support bearings are designed with a 60-degree
o .
B contact angle. They are used for low-speed operations and offer the
$ highest axial stiffness in the standard super precision ball bearing
(_QS ///A machine tool line. As contact angle increases, axial stiffness
= B increases, radial stiffness decreases, and maximum operatin
< ] /; [ p 9
= o . speed decreases.
c /
7=

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

Though ball bearings are classi ed as rolling bearings, there iSmarglnal lubrication, result in less ball skidding, lower heat

always some sliding action between the balls and the racewaygeneration, higher speeds and greater overall system reliability.
in any bearing. No bearing can achieve 100 percent rolling actioferamic balls are 60 percent lighter than steel with extremely ne
This is because of relative rotation speeds between the points @urface nishes equal to or less than 0.5 microinch Ra. This helps to
primary contact on the inner and outer raceways. This is especiallgduce centrifugal forces and allows for a 20 percent higher speed
true in the case of angular contact ball bearings. An increase ifiactor than steel balls. Oil-lubricated ceramic hybrid bearings can
spin is induced by excessive preloading, contact angle shift an@perate up to three million dN, while grease-lubricated ceramic
increase in the operation speed. The measure of the roller spifybrids can run up to one million dN.

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

ball undergoes about an axis perpendicular to the bearing axis per . . o
. . . . '|'he ceramic material has a modulus of elasticity 50 percent greater
unit rotation of the roller on the raceways. Higher the spin to rol

ratio, higher is the heat generated in operation and lower is th(tehanlsFeerI},_ |2creasmg bearing I;Igldllty.-Th;lS hl;ghgr stlffr(I:ess m_ay

life expectancy of the bearing. result in higher contact §tress ev_e s in the bearings. Ceramics
are generally not appropriate for higher loads and/or low speeds.
As seen in Fig. 20, below 750.000 dN, ceramic balls experience a

Contact Angle Shift 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 1900000

reduction in the bearing internal clearance. Additionally, angula'g 2MMVC99110WN CR 0.0010 in. press t
contact ball bearings are preloaded in order tonglate any 2 50 mm bore 100 lbs. spring preloag

remaining internal clearances and achieve the desired axia:ll_f 100000—
and radial rigidity. Preloading of a bearing causes de ections ir
the internal geometry and results in a shift in the contact point§ Ceramic balls
between the rollers and the raceways. This in turn causes a shifti§ ~ 10000
the contact angle. While preloading is recommended to achieve thd

optimum life and performance of the bearing, the selection of the

catalog preload must be done carefully, taking into consideration 10000
the ts, operation temperature and the operational preload to

minimize the contact angle shift.

750000 dN

Steel balls

T
5 10 15 20 25 30 35 40 45 5
Spindle (kRPM)

Fig. 20. {olife vs. speed comparison of steel and ceramic balls.

Precision Class

Super high precision MM/MMYV (P4S) bearings are manufactured
with running accuracy and performance meeting ABESO

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 Timken has developed an HX bearing design to enhance two key
. . . . . . factors contributing to metalworking throughput: spindle speed
Increasing bearing size causes an increase in centrifugal forces . . . . .
. . . . .and radial stiffness. This design enables spindle heads to remove
which, as discussed earlier, reduces the speedability of the bearln%. . ) . . ) .
ore material in less time while maintaining superior nished

An increase in 1ISO cross-section series improves the ability of a L ) » .
. . - product tolerances by minimizing tool “wander.”sTéifi cient
bearing to carry higher loads as shown in Fig. 21.

combination translates into faster turnaround of nished product.
9300 (71900) series: ultra-light loads, high speed These improvements are imparted by subtle changes to ball
9100 (7000) series: extra-light loads, high speed complements and internal geometries. The Timken HX Series is
200 (7200) series: light loads dimensionally interchangeable with the 9300 and 9100 (71900 and

300 (7300) series: medium loads 7000) series ball bearings.

)

@ The HX and WN-types also are designed to meet the needs of
o machine manufacturers who require optimum lubrication through
S 60 — the bearings. These designs incorporate a low shoulder on the
st 2MM200wWl non-thrust side of both the inner and outer rings to facilitate oil ow.
= 2MM9100WI _ _
8 40 2MM300W}, 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
.T_g 20 Pk - bearing will increase the contact angle.
T .- 2MM9300WI
Y .-
9 g e
(%] == T I T T T T T .
® 0 25 50 75 100 125 150 175 20 Cage (Retainer or Separator)

Bore (mm) A cage’s function is to separate the rolling elements within the

bearing. It rst affects bearing performance by adding weight,
which will increase the centrifugal forces and resulting radial load
at high speeds. This limits the ability of the bearing to perform at

When stiffness is a factor of the design, this usually results in thgg temperatures. Timken's range of cage types includes:
determination of a desired spindle diameter and corresponding

bearing bore size. Speedability and load capacity then determine
the series selected.

Fig 21. Angular contact ball bearing load ratings.

CR/T Phenolic (composition) - standard

PRL Molded polymer cage - new

PRC Molded reinforced nylon - former standard
MBR Machined bronze

Construction 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 aRé, ap's phenolic composition cage is standard for high-speed

a low shoulder on the outer ring. This simpli es bearing assembg’pplications up to 93 C (200 F). For high-hegications
during manufacturing. machined bronze is often used. However, the increase in weight

reduces the speedability of the bearing assembly.

Seals

Wi WN/HX K Seals are used to exclude contaminants and retain lubricant

Fig. 22. Angular contact spindle bearing types. 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 singlejvailable in anged (MMF) and non- anged (MMN) series, these

duplex, triplex, and quadruplex matched sets: designs simplify installation for both standard astating 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 tha\/ear/Debris-Resistant Material

part number as shown. . ] ) ] ]
Advanced bearings can resist debris wear for improved machine

Timken super precision ball bearings are universal ush groundyg| performance and service life. Timken super precision bearings
which allows for DB (back-to-back), DF (face-to-face),Tor D yith wearEver technology combine a special high-alloy steel with
(tandem) mounting of all matched duplex sets. This does not neggramic balls to provide superior performance and cutting quality
to be speci ed during order. for high-speed applications. Extended capabilities help improve
machine efficiency and utilization while reducing secondary

nishing operations and downtime.

Preload Level This unique, wear/debris-resistant steel was specifically

The internal condition of a preloaded ball bearing is similar tincorporated into the bearing design to withstand damage from
that of one in operation under axial load. This initial axial loabard contaminants, a primary cause for shortened bearing life.
serves to decrease markedly the axial and radial de ectionsStudies have shown that bearings with this advanced material can
when subsequent operational loads are imposed on the bearingeliver up to ten times the standard service life in the presence of
assembly. Preload levels limit change in contact angle at very higtard contamination. This represents a signi cant advancement in
speeds, and prevent ball skidding under very high acceleratiohigh-speed machining productivity and improved product quality.
and speed. Consult your Timken representative for availability.

In many cases, the amount of bearing preload is a trade-off between
having the desired degree of rigidity and reducing any adverse effect
preloading has on the equipment. If the operating speed is high,@ther

heavy preload can lead to excessively high operating temperaturegearings may be customized to specify lubrication type,

which may result in bearing damage. To match general pen‘orman%%ecial coding, special part marking, etc. Contact your Timken

requwgment_s, four clgsses of ball bearing prglqads are used Fepresentative for more information.
extra-light, light, medium and heavy. To maximize performance,

Timken can design specially preloaded super precision ball 2 MM C 91 04 WI| CR DUL A4437

bearings.
Bearings come from the factory with a dimensional preload ground (C 7004C-T-P4S-DU L) FS637

into the bearing ring faces. The preload changes as the raceway A4437 = Special coding requirement
diameters change. Once the operational preload is determined, it FS637 = Kluber iso ex NBU 15 Grease

is important that the correct factory (catalog) preload is selecteq:ig_ 24. Examples of non-standard speci cation numbers.
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

difference between the inner and outer rings, the dimensional

setting (or preload) again increases.

Factory Mounted Operational

7 ) / \

i ac -=
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 heat generation arld9- 25 illustrates the important elements that need to be considered
dissipation characteristics. This will then produce the best surfacd? detérmine the bare spindle stiffness:

nish, dimensional accuracy and optimum production rates. Diameter of the spindle
Due to increasing cutting speeds and forces, machine tool buildefs Overhung distance from the nose bearing to the load
are developing spindle designs to improve dynamic stiffness. Bearing spread

Dynamic stiffness depends upon:

Static stiffness \ , X

Damping r
r

Mass d
From a design standpoint, the bearing selection has little effecton — —=—=——————-—"——"— —
mass, but static stiffness and damping can be altered by bearing A A
and application design criteria. The natural frequency of a system

can be radically altered by any change in the static stiffness. On the

other hand, damping will determine the magnitude of displacemef_l}gl 25. De ection of the bare spindle on two supports.
of a system in the chatter mode. Tests have shown that the damping

varies with the type of rolling bearing used.

The maximum value of the spindle de ection at the pointa@idoa

SPINDLE SYSTEM STATIC STIFFNESS y= Bl with 1= /X
The static stiffness, or “spring rate,” of a system is de ned as the SEl 64
ratio of the amount of load to the de ection of the spindle at the Where:
point of load, and is expressed in N/mm (Ibs./in.). k= radial load applied at spindle nose (N)

. ) . . . L = bearing spread (mm)
In conventloQaI spindle designs, the load is usually applied at the x = overhung distance (mm)
end of the spindle nose. | = moment of inertia (fHm
In a spindle system, a few factors contribute to the total static Y = de ection at point of load (mm)
stiffness: d = diameter of spindle (mm)

E = modulus of elasticity (N/Bhm

Bare spindle stiffness

Bearing stiffness S . . o
g Therefore, the static stiffness of the bare spindle at this point is

K= R 3Bl [d43E
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 significantly increase stiffness. iara 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 load8earing Stiffness
is generally xed by design constraints (or load cycles). HoweverStiffness is signi cant in precision machining applications. This

the stiffness of the bare spindle can be increased by determininﬁ’npacts machine repeatability and running accuracy. Bearing

the optlmu_m spread between_the two supports. Eor a gIVegtiffness is determined by movement or microscopic de ection
overhung distance “x ,” the bearing spread has an optimum value

o ) . - ) under load within the bearing assembly.
for minimum de ection at the cutting point (Fig. 27).
Because of the contribution of bearing stiffness to the global

system, it is of prime importance to consider the effect of the
Relative Stiffness selection of the bearing and its geometrical characteristics.
of Bare Spindle . . . . . .

A tapered roller bearing is a line contact bearing with a high

number of rolling elements. Compared to other popular bearings
200% %

¢g in spindle applications, such as angular contact ball bearings
| — (point contact) or cylindrical roller bearings (line contact), the
r ! I I . . . .
160%-+ | ! - e | preloaded tapered roller bearing (line contact) has a signi cantly
| ! e | E E higher radial stiffness in the same given envelope.

1250 1 e Lo ;
100% .

| 1 | 1 8T

85 920 95 100 Tapered Roller

Spindle Diameter (mm)

7+ /— Bearing
6 £
Cylindrical Roller

1 / Bearing
Angular Contact

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
[8)]

Radial Load on the Bearing
(relative to tapered roller bearing radial rating)

Ball Bearing
1 2 T
Spindle de ection E T
at point of load i 0 ; 1
0 50% 100%

Nhtd

<
\

1
]

/
\
\/

Zl N N Fig. 28. Radial spring rate comparison between popular machine
X PRI tool bearings of a comparable size under zero internal clearance.
Support
spread

Comparisons (Fig. 28) show that a tapered roller bearing has
as 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.

Optimum spread

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
Fig. 29 demonstrates that bearing setting plays a major role in tgﬁffness, of a spindle system since the damping decreases as
static stiffness of a spindle-bearing-housing system. As the preloa&rebad increases. As previously explained, any preload increase
is increased, the static stiffness increases. beyond the optimum 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

—— 130% of machine tool spindle behavior. It was identi ed that higher
accuracy and improved surface nish can be achieved at an
1 120% optimum preload setting (Fig. 32).
| 110% Relative Compliance
—/120%
[ 0,
1 90% 100%
Preload End play
——t— ——t— B0
-120 -80 -40 0 40 80 120
Axial Bearing Setting (mm) - 60%
Preload End play
Fig. 29. Effect of bearing setting on spindle system static stiffness. } } } } } }
Aload that would cause very little static de ection can cause very -80 -60  -40 -20 0 20 40
high dynamic de ections if the frequency of the dynamic load is Axial Bearing Setting (mm)

the same as the natural frequency of the spindle. To control thlg 31. Effect of bearing setting on spindle svstem dvnamic stiffness
dynamic stiffness, the damping characteristics of the system ared >+ ng setiing on spt ¥ y 1 st '
very important.

Damping can be visualized as resistance to vibration. It can be seen Workpiece Accuracy and Surface Finish

in Fig. 30 that the damping ratio of a spindle system is higher when
bearings are preloaded. The optimum value is, however, obtained + -~ Deviation from
around the zero clearance condition. round (accuracy)

Surface nish
Relative Damping Ratio

Preload End play

-40 -30 -20 -10 0 10 20

— 25% Axial Bearing Setting (mm)

Preload End play
| | | | | ‘ Fig. 32. Effect of bearing setting on surface nish and accuracy of

! ‘ ! ! ‘ ‘ the workpieces.
-120  -80 -40 0 40 80 120

The unique design of a tapered roller bearing with its line contact

Axial Bearing Setting (mm) . o . o
produces a damping characteristic that is not necessarily inherent

Fig. 30. Effect of bearing setting on spindle system damping ratio.
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Cd)THER FACTORS AFFECTING

to other bearing designs (Fig. 33). This is due to the bending mo

of the spindle and bearing centerline caused by dynamic de ectlorB EARING SELECTION

which is resisted inside the bearing through a shearing action of th§ome additional controllable factors having a signi cant impact

viscous lubricant between the rollers and the cup and caresra  on pearing performance include mounting ts, internal clearances,

It is the combination of the tapered roller bearing constructiodubricant type and integrity. For example, when using radial ball
and proper bearing setting that results in improved dampingearings, appropriate internal clearance is needed to ensure
characteristics. proper operation.

% [ THERMAL EXPANSION

Issues such as axial displacement must be addressed where shaft
g length differentials must be tolerated when thermal expansion
occurs. For these situations, the rotating component supports

include a fixed (locating) and floating (non-locating) bearing

arrangement.
v The xed bearing is subject to combination loads and is usually
L4 placed nearest the working end of the shaft to minimize motion and
Q \ thereby maintain workpiece accuracy. Installation considerations
b‘\[/\ for the typical fixed bearing positions should note the fitting
suggestions listed in this catalog. These are compiled from a wealth
Fig. 33. Damping in a tapered roller bearing. of experience in a wide range of operating conditions.

Where oating bearings are necessary, the design must allow
An extension of this insight culminated in the development of far axial displacement of the shaft. This can be accomplished by
bearing system called the Hydra-Rib. Itis, speci cally designed tallowing the bearing to “slide” laterally along the shaft or housing
provide the optimum bearing preload and thus the ultimate dynamiespectively. A looser t during the machining of the shaft or
stability for the spindle system under any operating conditions. housing cavity is required. This not only alleviates the axial stresses

Proper selection of the preload for a given application mus?" this end of the assembly, but will also facilitate bearing and

not focus only on stiffness and damping characteristics. AIsoShaft installation.
the lubrication method, operating speeds and loads must be
reviewed to determine the optimum setting/preload to maximize||SALIGNMENT

performance. Consult the appropriate topic in this englneerln9Vhen the size of the machine increases, so do concerns about

section for more details.
alignment. Shaft bending or additional loading can impart moment
loads that need to be considered. Bearing selection must further
consider installation practices with distant machined bearing
housing cavities. Manufacturing limitations to position housing
bores might encourage the choice of a self-aligning bearing
mounting (DF, face-to-face).

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

00 h

/

Duplex - DF " Duplex
Face-to-Face Direct Mountlng

Fig. 34. Self-aligning bearing mountings.
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EFFECTIVE SPREAD applied loads need to be considered, and moments are taken
C?bout the effective centers of the bearings to determine loads or

When a load is applied to a tapered roller or angular conta ) . . . . . .
. . . reactions. Fig. 35 shows single-row bearings in a direct and indirect
ball bearing, the internal forces at each rolling element-to-outer

mounting con guration. The choice of whether to use direct or
raceway contact act normal to the raceway. These forces have

. . . . . Indirect mounting depends upon the application.
radial and axial components. With the exception of the speua‘1 gdep P bp

case of pure axial loads, the inner ring and the shaft will experienc&/ith so many factors to consider for the successful operation
moments imposed by the asymmetrical axial components of tif any device incorporating rolling bearings, Timken brings to
forces on the rolling elements. its customers more than a century of talent and experience to

. . . assist with these choices. Though the content in this catalog is an
It can be demonstrated mathematically that, if the shaft is modeled's . . g . . . g
xcellent start in the rolling bearing selection process, it should

as being supported at its effective bearing center rather than a . . . .
. . . . . npt be considered the nal word. Timken bearing expertise is only
its geometric bearing center, the bearing moment may be ignore

. . . a phone call away.
when calculating radial loads on the bearing. Only externally

/ Effective bearing \

I’n— spread —"]

\ Effective bearing /

\\r_ spread _’VI

Effective bearing \

\ Effective bearing

\ spread /

; 0

D oe—— N —
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.
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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
as 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 SpedRRN) rot/min, RPM
C Dynamic Radial Load Rating’ N, Ibf np Pinion Operating SpedRRM rot/min, RPM
G Static Load Rating N, Ibf nw Worm Operating SpeedRM) rot/min, RPM
Gyo Single-Row Basic Dynamic Load Rating N, Ibf Ng Number of Teeth in the Gear
G 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
D 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
DG 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
Doe 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 Y1, ¥, %5 Axial Load Factors
/B 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, » Gear Mesh Angles Relative to the
ke 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 % 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 K 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 ag 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 kghib/fe
ke 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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STRAIGHT BEVEL AND ZEROL GEARING

The following equations are used to determine the forces

developed by machine elements commonly encountered in beariW'TH ZERO DEGREES SPIRAL

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 fore®I(frc)
TANGENTIAL FORCE for bevel gearing, the pinion or gear mean diametgsr@Phng is
(1.9 10) H used instead of the pitch diametepgDr O)g). The mean diameter
Re = ———— (newtons) is calculated as follows:
Dene

e Dpc -bsin @ or Dimp =Dpp -bsin @

In straight bevel and zerol gearing:

(1.26¢ 16) H

Dene

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

(1.9%x10)H
Rc = (newtons)
Dcne
(126 16) H PINION
= / TANGENTIAL FORCE
Dche
(1.9%x10)H
Rp = (newtons)
THRUST FORCE Onp 1o
Fac= ketan ¢ Fec = (12610 H (pounds-force)
Dnpp

THRUST FORCE
Fap= kptanapsin @

SEPARATING FORCE

SEPARATING FORCE Fsp= kptanapcos @

R tanag

COS -G

ke =
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STRAIGHT BEVEL GEAR
TANGENTIAL FORCE

In spiral bevel gearing:

(1.9% 10) H Fp = ko
kR = ———— (newtons)
Bne In hypoid gearing:
1.26¢10) H
= i (pounds-force) Fp = hccos »
Dnene —cos .
THRUST FORCE Hypoid pinion effective working diameter:
Rc= ketanagsin @ Dinp= Dne‘ﬁrl‘(cos_e>
cIN\cos »
SEPARATING FORCE
Fsc= kgtanagcos @ TANGENT'AI_ FORCE
(1.9x10)H
ke = —————  (newtons)
Dncne
1.26¢10) H
= J (pounds-force)
Dnene

Hypoid gear effective working diameter:
D= QG- 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 ttie direction of thrust and separating forces depends upon spiral
tooth curvature on the near face of the gear (Fig. 40) inclines to tAggle, hand of spiral, direction of rotation, and whether the gear is
left or right from the shaft axis. Direction of rotation is determine@ving or driven.

by viewing toward the gear or pinion apex.

Fig. 41Spiral bevel and hypoid gearing.
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Driving Member Rotation

Right hand spiral
clockwise
or
Left hand spiral
counterclockwise

TABLE 3.

SPIRAL BEVEL AND HYPOID BEARING EQUATIONS

Thrust Force

Foo F Driving member
= costivp (tan ¢p sin Yp—sin yp cos Yp)

Separating Force

Fop o I:Driving member
= costp\vp (tan dp cos Yp—sin yp sin Yp)

F e Driven member
a6 = cosﬂiye (tan g sin Y'G + sin yg cos Yg)

Driven member

Fs6 = COFSt(iVG (tan g cos Y6 sin g sin Yg)

Right hand spiral
counterclockwise
or
Left hand spiral
clockwise

Foo F Driving member
= costF:J,P (tan ¢p sin Yp + sin yp cos Yp)

Fop = I:Driving member
#7 costP\VP (tan ¢p cos Yp + sin ypsin Yp)

Fee F Driven member
a6 = cosﬂiye (tan ¢ sin Y — sin yg cos Yg)

STRAIGHT WORM GEARING

WORM
Tangential force
(1.9 10) H
Fw = —
Dpw nw
_ (1.26&¢16)H
Dow nw

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

tans,

Separating force

Rwsin
Fsw = weln A

(newtons)

(pounds-force)

(newtons)

(pounds-force)

cosgsin

COS ¥,

Fee F Driving member
6= costG\yG (tan ¢ cos Y6 +sin ye sin Ye)

Fig. 42. Straight worm gearing.
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TANGENTIAL FORCE
(1.9x 10)H°
[Ste] = —————— (newtons)
Dcne
= M&—W (pounds-force)
Dene
or
te = fw?
tan,

THRUST FORCE

(19X 10) H
R = —————  (newtons)
Dw nw

(1.26¢16) H

= ——— (pounds-force)
Dw nw

SEPARATING FORCE
Rwsin 2

ks =
cos?siny COS3

Where:
¥~ tan! Dhe

m Bw
or
¥~ tanl Ln

/ Dow
and

o cos? — tangy,

cos@ + coty,

METRIC SYSTEM

0.146
@O =(5.34107) 3 + -0.103
.09
W nw
Vi = Dp— (meters per second)
(1.9% 10 cos s
INCH SYSTEM
0.235
O = (x10 43 + 5 0.103
wNw
Vi = Dp— (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.

APPLIED LOADS AND BEARING ANALYSIS

DOUBLE ENVELOPING WORM GEARING

WORM
TANGENTIAL FORCE
Rw = LIk I H (newtons)
DCnw nw
(1.26¢ 16) H
= ~ _  (pounds-force)
Dnw nw

Use this value forgfor bearing loading
THRUST FOR CEalculations on worm gear shaft. For torque

calculations, use the followingi&equations.
Faw = 0.98t6

SEPARATING FORCE

0.98 fctan 2
COS 3,

Fsw

WORM GEAR
TANGENTIAL FORCE

(_’L.9_’Ix_]_(I)_I:|_m_° Use this value for

Re = Db Nw (newtons) calculating torque in

subsequent gears and

(1.26¢13) H m° shafts. For bearing

= (pounds-force) loading calculations,
Dhcnw use the equation for
or Faw.

(1.9x10)H°

ke = Do (newtons)

(126¢13) H°
= (pounds-force)
Dcne

THRUST FORCE
(19x10)H

Fc = w
G D (newtons)

(1.26¢16) H

= (pounds-force)
Dnw nw

SEPARATING FORCE

0.98tan @
Fsc =
COS ¥,
Where:
° = ef ciency (refer to manufacturer’s catalog)

Dmw = 2d-0.98 I

Lead angle at center of worm:

v~ tan! (_Dm_ =tan! ‘_L_,
m Rw 7t 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 operatorSimple beam equations are used to translate the externally applied

an exact equation relating total belt pull to tensiponRthe tight

forces on a shaft into bearing reactions acting at the bearing

side and tensiompfen the slack side (Fig. 43) is dif cult to establish.effective centers.

The following equgtlon and Table 5 may be used to estimate tvﬁth two-row tapered roller and angular contact ball bearings, the
total pull from various types of belt and pulley,

sprocket designs:
(2.91x 107)/1B

Fb = ———  (newtons)
N
(1.26¢ 10) Hfg
= —— — (pounds-force)
Dnn
Standard roller chain sprocket mean diameter.
_ P
sin( 180
Ns
Where:
P = chain pitch

B= Tens\0n| sl

R

Fig. 43. Belt or chain drive.

TABLE 4.

= Tension, tight Side

BELT OR CHAIN PULL FACTOR

BASED ON 180 DEGREES ANGLE OF WRAP

Type

Chains, single
Chains, double

“V" belts

Is
1.00
1.25

1.50

and chain angeometric center of the bearing is considered to be the support

point except where the thrust force is large enough to unload one
row. Then the effective center of the loaded row is used as the
point from which bearing load reactions are calculated. These
approaches approximate the load distribution within a two-row
bearing, assuming rigid shaft and housing. These are statically
indeterminate problems in which shaft and support rigidity can
signi cantly in uence bearing loading and require the use of
computer programs to solve.

SHAFT ON THREE OR MORE SUPPORTS

The equations of static equilibrium are insuf cient to solve bearing

reactions on a shaft having more than two supports. Such cases
can be solved using computer programs if adequate information
is available.

In such problems, the deflections of the shaft, bearings and
housings affect the distribution of loads. Any variance in these
parameters can 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.

Shown (on the next page) are equations for the case of a shaft on
two supports with gear forces fangential), J(separating), and

R (thrust), an external radial load F, and an external moment M.
The loads are applied at arbitrary angles (1, 2, and 3) relative to
the reference plane indicated in Fig. 44 on the following page.
Using the principle of superposition, the equations for vertical
and horizontal reactionsr{fand ) can be expanded to include
any number of gears, external forces or moments. Use signs as
determined from 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
ball bearings support radial loads, moment loads and axial loads
in both directions.
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BEARING REACTIONS
CENTRIFUGAL FORCE

TABLE 5.
CALCULATION EQUATIONS Centrifugal force resulting from imbalance in a rotating member:
£ Fw rré
Symbols Used = ————_—— (newtons)
Y 8.94 x £0
ae E ective bearing spread mm, in. Fu I 12
) - . = ———  (pounds-force)
A, B, ... Bearing position, used as subscripts 3.52 x 10
Gg.. Linear distance (positive or negative) mm, in.
DpG Pitch diameter of the gear mm, in. SHOCK LOADS
F Applied force N.Ibf 1t is dif cult to determine the exact effect that shock loading has
fr Radial bearing load N, Ibf  on bearing life. The magnitude of the shock load depends on the
_ _ masses of the colliding bodies, their velocities, and deformations
h Horizontal (used as subscript) .
at impact.
M M N-mm, Ibf-in. . :
oment mm, Ibfin The effect on the bearing depends on how much of the shock is
v Vertical (used as subscript) absorbed between the point of impact and the bearings, as well as
L Gear mesh angle relative to plane deq, rad whether the shock load is great enough to cause bearing damage.
of reference de ned in the gure belo ' It also is dependent on frequency and duration of shock loads.
2 Qr}%ﬁgnac‘;pgg?];%r?ﬁ {ﬁf‘é{ﬁ;"bg'@“e deg, rad At a minimum, a suddenly applied load is equivalent to twice its
. Angle of applied moment relative to plane . - static value. It may be considerably more than this, depending on
of reference de ned in the gure belo 9 the velocity of impact.
Shock involves a number of variables that generally are not known
Fac Fs or easily determined. Therefore, it is good practiceskp on
S
R \ / experience. The Timken Company has years of experience with
G. S . . .
A FK o Fac—> @ Fo many types of equipment under the most severe loading conditions.

F Your Timken representative should be consulted on any application
l N Bearing B involving unusual loading or service requirements.

e
[a]

Bearing A

@Fa, l
? Feay

|-— C1—>|
C2

S @ Fa,
?FrBV

Plane of
Reference

ae !

Fig. 44. Bearing radial reactions.

Vertical reaction component at bearing position B:

Fey -1 Lcl (Fsccos xn + kg sin ») +—l gDpG- b sin §) Rccos » + F cos» + M cos» )
e

Horizontal reaction component at bearing position B:

Fen :iiCl (FsGsin » - kg cos » +i&DpG' b sinf) Rgsin » +¢ F sinx + M sinxs )
e

Vertical reaction component at bearing position A:
Fay = G COs » + ke sin » + F cos» - kay

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

[(FaR+ (Ran?]Y? R =[(Fev?+ (Fen2]"?

Resultant axial reaction: af= Rc(xed position) Fss=  oat position)

Resultant radial reaction: A=
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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 arfad be no greater than the basic static load rating divided by the
commonly used for bearing selection. The basic dynamic loaghpropriate hardness factor (HFs) as shown in Table 6.

rating is used to estimate life of a rotating bearing. Static Ioa'g
ratings are used to determine the maximum permissible load that

can be applied to a non-rotating bearing.

The basic philosophy of The Timken Company is to provide the
most realistic bearing rating to assist our customers in the bearin

or more information on selecting a bearing for static load
conditions, consult your Timken representative.

TATIC RADIAL AND/OR AXIAL

selection process. Published ratings for Timken bearings include QUIVALENT LOADS

the basic dynamic radial load ratings, C1, for tapered rollerhe static equivalent radial and/or axial loading is dependent on
bearings, and Ce for ball bearings. These values are based oft@ bearing type selected. For bearings designed to accommodate

basic rating life of one million revolutions. Timken tapered rollgjnly radial or axial loading, the static equivalent load is equivalent
bearings also include the basic dynamic load rating C90, whicht§ the applied load.

based on a basic rating life of ninety million revolutions. The basic

static radial load rating is Co.

STATIC LOAD RATING

For all bearings, the maximum contact stress can be approximated
using the static equivalent load and the static rating.

For roller bearings: For ball bearings:

The basic static radial load ratings for Timken bearings are based " i~
on a maximum contact stress within a non-rotating bearing of g = 4000 x ‘ﬁ) MPa op = 4200 x (P_o) MPa
4000 MPa (580 ksi) for roller bearings and 4200 MPa (609 ksi) for Co Co

ball bearings, at the center of contact on the most heavily loaded

rolling element.

1/2 i 1/3 .
o0=580x [P0 ks 00=609 x [Fo|" ks
Co 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
marking will not have a measurable effect on fatigue life when th

Radial ball bearings

bearing is subsequently rotating under a lower-application loadThe dynamic equivalent radial load is used for comparison with
If sound, vibration or torque are critical, or if a pronounced shocthe static load rating.

load is present, a lower load limit should be applied.

TABLE 6.
HARDNESS FACTORS TO MODIFY BASIC STATIC LOAD RATING

Raceway
Hardness HRC

58
57
56
55
54
53
52
51
50
49
48
a7
46
45
44
43
42
41
40

Hardness
Factor HFs

1.00
1.06
1.13
121
1.29
1.37
1.46
1.55
1.65
1.76
1.88
2.00
2.13
2.27
2.41
2.57
2.74
2.92
3.10

Por = 1/2€

Thrust ball bearings

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

Poa = XF+ YE

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 loadhAand &g
calculated from equations
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TABLE 7.
STATIC EQUIVALENT LOAD EQUATIONS, SINGLE-ROW TAPERED ROLLER BEARING

Design Thrust Condition Axial Load St%tg:dglqllj_iggljent
Bearing A Bearin Far- 047 Frg - Pos = Fi8
—— + Fae
0.47 Fra 0.47 Frg Ks for Fan < 0.6 Fra / Ka
< + Fae Poa = 1.6 Fra-1.269 Ka Fan
Ka Ks Fag= 0.47 FB
e K— for Faa < 0.6 Fra/ Ka
b R { B Poa = 05 Fa +0.564Ka Fan
Fa Fs
---{-Bearing A Bearing C oarr for Fap < 06 Fra / Ka
ey Aok - - = T”‘ Pos = 05 Fg +0.564 Kg Fap
\ / 47 Fea 47 F A
\ k y UANS " ® +Fae b odTE for Fap < 0.6 Fr3 / K
I Foe A ® W2 e Pos = 1.6Fg - 1.269Kg Fas
Fa Fs Ka Poa = Fa
Design (external axial loadeF '
onto bearing A)
Use the values of PO calculated for comparison with the static rating (CO), even if PO is
less than the radial applied Fr.
Static Equivalent Radial Load (Two-Row Bearings) TABLE 8.

. . T DYNAMIC EQUIVALENT LOAD EQUATIONS
The bearing data tables do not include static rating for two-row

bearings. The two-row static radial rating can be estimated as: Bearing Contact  Single-Row Double-Row
Description Angle and Tandem and Preload
Ge) = 26 (ref.) Mountings Pair Mountings
Where: . . a F R
. . . Bearing type and or series Iﬁ':(# of bearings) X C k=g
G(2) = two-row static radial rating
G = static radial load rating of a single-row bearing Radial type ball bearings — use larger of resultinvétue®)
type TS, from the same series.
MM9300K
. : . . MM9100K R=F R=F+ 120
Dynamic Equivalent Radial Bearing Load$ (P MM200K 0° or or

MM300K R=0.56F Ya R=0.78F 1.625Y
To calculate the L10 life, it is necessary to calculate a dynamic

equivalent radial load, designated hy Fhe dynamic equivalent
radial load is de ned as a single radial load that, if applied to the
bearing, will result in the same life as the combined loading unde2MMV9300WI2ZMMV9300HX

. . 2MM9300WI 2MV9300W!
which the bearing operates.

Angular contact ball bearings — use larger of resultingv&ue

2MMV9L00WI2MMV9100HX _ _
B = XF+YE 2MM99100WI 2MM9100WI ”(;F R= F”oflzﬁ
2MVO100WI 2MV200WI | 15° R 04MFE | R=0.70F L625%
Where: 2MMV200WI 2MMV300WI
: 2MM200WI  2MM300WI
P = dynamic equivalent radial load 2Mv300WI
kR = applied radial load R=F R=F+ 1.124Y
R = applied axial load 2MM9100WO 15° oaEs | A= 075 1625y
X = radial load factor ' A
Y = axial load factor 3MMV9300WI3MMV9300HX
_ _ 3MM9300WI 3MV9300WI
Tapered roller bearings use the equations based on the number afMv9100WI3MMV9100HX
- - : L M9100WI 3MV9100WI R=F R=F+0.92F
rows and type of mounting utilized. For single-row bearings in dlre%Mggmo\/\” 25° or or
or indirect mounting, the gure on page 31 can be used based on theumv200wi 3Mv200wi R=041F0.82F = R=067F 143F

direction of the externally applied axial load. Once the appropriat@MM200wWI  3MM300WI
design is chosen, review the table and check the thrust conditiory™ V300W! - 3MV300WI
to determine which axial load and dynamic equivalent radial load
calculations apply. For ball bearings, the dynamic equivalent radidl

load can be found in the table below.

P> G or R > 1/2 Ce consult with your Timken representative on Life Calculations.
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THE REQUIRED \-(rléilé?rg.RS FOR BALL BEARINGS BEARING EQUIVALENT LOADS AND REQUIRED
© RATINGS FOR TAPERED ROLLER BEARINGS

Kr Y1 Y2 Y3 Tapered roller bearings are ideally suited to carry all types of loads
0.015 2.30 1.47 1.60 — radial, axial, and any combination of both. Due to the tapered
0.020 222 1.44 1.59 design of the bearing, a radial load will induce an axial reaction
0.025 2.10 1.41 157 within the bearing that must be opposed by an equal or greater axial
0.030 2.00 1.39 1.56 load to keep the bearing cone and cup from separating. The ratio
0.040 1.86 1.35 1.55 of the radial to the axial load and the bearing included cup angle
0.050 1.76 1.32 153 determine the load zone in a given bearing. The number of rollers
0.060 1.68 1.29 151 in contact as a result of this ratio determines the load zone in the
0.080 157 1.25 1.49 bearing. If all the rollers are in contact, the load zone is referred
0.100 1.48 121 1.47 to as being 360 degrees.
0.120 1.42 1.19 1.45 When only radial load is applied to a tapered roller bearing, for
0.150 1.34 1.14 1.42 convenience it is assumed in using the traditional calculation
0.200 1.25 1.09 1.39 method that half the rollers support the load — the load zone is 180
0.250 1.18 1.05 1.35 degrees. In this case, induced bearing axial load is:
0.300 1.13 1.02 1.33 0.47
Fa180) = ——

0.400 1.05 1.00 1.29 K
0.500 1.00 1.00 1.25
0.600 _ _ 19 The equations for determining bearing axial reactions and
0.800 _ _ 117 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
1.000 — — 1.13 . . . .
1200 B B 10 bearings and 180 degrees or more in the opposite bearing.

Dynamic Equivalent Radial Load

Dynamic Equivalent Axial Bearing Loadg)(P The basic dynamic radial load ratingg @& assumed to be the

For thrust ball and thrust tapered roller bearings, the existence afdial load-carrying capacity with a 180-degree load zone in the
radial loads introduces complex load calculations that must béearing. When the axial load on a bearing exceeds the induced
carefully considered. If radial load is zero, the dynamic equivalerthrust, k(1s0) @ dynamic equivalent radial load must be used to
axial load (B) will be equal to the applied axial loag).(F any  calculate bearing life.

radial load .'S expecte.d in the ap.pl|cat|on,.consult your T'mkeq'he dynamic equivalent radial load is that radial load which, if
representative for advice on bearing selection. applied to a bearing, will give the same life as the bearing will
For thrust angular contact ball bearings, the dynamic equivalerdttain under the actual loading.

axial load is determined by: The equations presented give close approximations of the dynamic

equivalent radial load assuming a 180-degree load zone in one
Pa=Xk + YR 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

R
When: = <2.17 X=1.90 Y =054 or indirect mounting, the following table can be used based on the
direction of the externally applied axial load. Once the appropriate
When: ) >217 X=0.92 Y =1.00 design is chosen, review the table and check the thrust condition
R to determine which axial load and dynamic equivalent radial load
= calculations apply.
If: <2.17 then bearings with a contact angle
R <60 should be considered.
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ALTERNATE APPROACH FOR DETERMINING

DYNAMIC EQUIVALENT RADIAL LOADS

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

rotating cone application)adio the right is positive; to the
+1 for direct-mounted single-row or two-row bearings, or -1 for left is negative.

indirect mounted bearings. Also, a sign convention is necessary \when external axial load is applied to the housing (typical

rotating cup application)aéto the right is negative; to the
left is positive.

equivalent radial loads. Here, a factor “m” has to be de ned as

for the external axial loaddas follows:

TABLE 10.
DYNAMIC EQUIVALENT RADIAL LOAD EQUATIONS, SINGLE-ROW TAPERED ROLLER BEARING MOUNTING
Design Thrust Condition Axial Load Dyns;n&z:allilt_qg;jalent
Indirect Mounting (m = -1)
Bearng A Bearing B Fan- 0.47xFig - m Fae
0.47 x Fra 0.47 x Fg mF Kg Pr=04R + Kk Ra
7 \ < - ae
|—Fae<—_> e Ka Ks Fap- 0.47xFm
} P = k8
Fia Fe ks
Direct Mounting (m = +1)
Bearing A Bearing B Faa= 0.47 x Fra Pa= Fa
047 xFa  047xFB Ka
\ o= ’/ > -m Fae
\| —Fo === *Fe |, Ka Ks Fag- 0.47 x Fra +m Fae R-04F + K Fs
Ka
Fa Fis
If Pa<a use R=Fkaorif B <Fks, use B = ks.
TABLE 11.

APPLIED LOADS AND BEARING ANALYSIS

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

Design

FrAB

Bearing B

— +F,
_Fae - =

Fixed Bearing
Indirect Mounting (m = -1)

FVAB

Bearin Bearing B

F—>+Fae
—Tae I

Fixed Bearing
Direct Mounting (m = +1)

Mf "m k" is positive, K =aKIf "m k" is negative, K 8K

Thrust Condition

0.6 x FraB
>
K

Fag is the radial load on the two-row assembly. The single-row basic dynamic radial load gatis¢n C

be applied when calculating life based on the above equations.
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BEARING LIFE AND SYSTEM LIFE

BEARING LIFE AND SYSTEM LIFE

Tapered roller bearings often use a dynamic load rating based on

Many different performance criteria exist that dictate how aninety million cycles, as opposed to one million cycles, changing
bearing should be selected. These include bearing fatigue lifehe equations as follows.

rotational precision, power requirements, temperature limits, Cyo\10/3 )
speed capabilities, sound, etc. This publication deals primarily with Lio= T ) X (90x10) revolutions
bearing life as related to material-associated fatigue. Bearing life or,

is de ned here as the length of time, or number of revolutions, until Goo\203  [90x10

a fatigue spall of 6.0 Mif0.01 iR) develops. Since metal fatigue Lio=|— ) X ( ) hours

is a statistical phenomenon, the life of an individuatibgas Pr 60n

impossible to predetermine precisely. Bearings that may appear to and

be identical can exhibit considerable life scatter when tested under Cago| 1073 .
identical conditions. Thus it is necessary to base life predictions Lio= P_a) X (90x19 revolutions
on a statistical evaluation of a large number of bearings operating ¢,

under similar conditions. The Weibull distribution function is Loz Cago\ 103 [ 90x16

commonly used to predict the life of a population of bearings at 10= ?a) X( 60n ) hours

any given reliability level.

RATING LIFE

As the rst set of equations for radial bearings with dynamic ratings

based on one million revolutions is the most common form of the
equations, this will be used through the rest of this section. The
dynamic equivalent load equations and the life adjustment factors

Rating life, (9, is the life that 90 percent of a group of apparentiyare applicable to all forms of the life equation.

identical bearings will complete or exceed before a fatigue Spakllvith increased emphasis on the relationship between the reference

develops. Thesblife also is associated with 90 percent reliability -4 jitions and the actual environment in which the beapiemtes
for a single bearing under a certain load.

BEARING LIFE EQUATIONS

Traditionally, theiklife has been calculated as follows for bearings

in the machine, the traditional life equations have been expanded to
include certain additional variables that affect bearing performance.
The approach whereby these factors, including a factor for useful
life, are considered in the bearing analysis and selection has been
termed Bearing Systems Analysis (BSA).

under radial or combined loading where the dynamic equivalenthe ISO/ABMA adjusted bearing life equation is:
radial load, (B, has been determined:

Lio= (i)e X (1x16)
Pr

or,
(c )e (1x1@
Lio=| — x| —
Pr 60n

For thrust bearings, the above equations change to the following. b =
Q=

Lio= (& )e X (1x16)

Pa
or,
e
Lio= ga) « (1x1@
Pa 60n

e = 3for ball bearings
=193 for roller bearings

revolutions

hours

revolutions

hours

Lha= q_azagl—lo
Where:
a, = reliability life factor
a, = material life factor
a; = operating condition life factor

(to be speci ed by the manufacturer)

The Timken adjusted bearing life equation is:

e
882 P PadaPanfap (i) (1x16)  revolutions
P

Where:
a, = reliability life factor
a, = material life factor
ayy = debris life factor
ay, = hardness life factor
ay, = load zone life factor
ay = lubrication life factor
ay,, = misalignment life factor
ag, = low load life factor

C = dynamic radial load rating
Pr = dynamic equivalent radial load
e = 3for ball bearings

= 10/3 for roller bearings
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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 life of a rolling
bearing by creating indentations on the contacting surfaces,
100\2/3 leading to stress risers. The Timken life rating equations were
a= 4.26 ( InR: ) +0.05 developed based on test data obtained with 0.040 mm (0.00157 in.)

oil ltration and measured ISO cleanness levels of approximately
15/12, which is typical of cleanness levels found in normal
To adjust the calculatedid.life for reliability, multiply by the industrial machinery. When more or less debris is present within
a; factor. If 90 (90 percent reliability) is substituted for R in ttibe system, the fatigue life predictions can be adjusted according
above equation,ia= 1. For R = 99 (99 percent reliability) 0825. to the measured or expected ISO lubricant cleanness level to more
The following table lists the reliability factor for commonly usedccurately re ect the expected bearing performance.

reliability values.

In = natural logarithm (base €)

As opposed to determining the debris life factor based on ltration

TABLE 12. and ISO cleanness levels, a Debris Signature Analysis™ can be
RELIABILITY FACTORS performed for more accurate bearing performance predictions.

R (percent) R a The Debris Signature Ar_1a|ysis is 8-. process for determining '_[he
effects of the actual debris present in your system on the bearing
90 1o 1.00 performance. The typical way in which this occurs is through
95 S 0.64 measurements of dented/bruised surfaces on actual bearings runin
96 L 0.55 a given application. This type of analysis can be bene cial because
97 4 0.47 different types of debris cause differing levels of performance, even

98 i 0.37 when they are of the same size and amount in the lubricant. Soft,
99 L 0.25 ductile particles can cause less performance degradation than
99.5 ols 0.175 hard, brittle particles. Hard, ductile particles are typically most
99.9 o 0.093 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 Signature Analysis or

Note that the equation for reliability adjustment assumes there istRe availability of Debris Resistant bearings for your application,
short minimum life below which the probability of bearing damag@nsult your Timken representative.

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

short life). Extensive bearing fatigue life testing has shown the

minimum life, below which the probability of bearing damage is;someTrIC ViEW <

negligible, to be larger than shown above. For a more accurate

prediction of bearing lives at high levels of reliability, consult your

Timken representative. ~d >
600 800

MATERIAL LIFE FACTOR (a

The life adjustment factor for bearing materig) fer standard
Timken bearings manufactured from bearing-quality steel is 1.0. 070

Bearings also are manufactured from premium steels, containing gggecture m0-5% Bearing Area ArEéélO% Bearing W Pits & Valleys
fewer and smaller inclusion impurities than standard steels

and providing the bene t of extending bearing fatigue life (e.g.,

DuraSpexx™). Application of the material life factor requires thi9- 45- Surface map of a bearing raceway with debris denting.
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.
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HARDNESS LIFE FACTGR (a

LUBRICATION LIFE FACT@R (a

For Timken bearings in this catalog, supplied as a full assemblyhe in uence of lubrication Im due to elastohydrodynamic (EHL)

the hardness life factor will be ofie

LOAD ZONE LIFE FAREGY)

lubrication on bearing performance is related to the reduction or
prevention of asperity (metal-metal) contact between the bearing
surfaces. Extensive testing was done at 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 theurface nish, relative to lubricant Im thickness, has the most
loaded bearing surfaces eXperience inone bearing revolution. Thﬁ)taue effect on improving bearing performance_ Factors such
stresses depend on applied load and on how many rolling elemendg bearing geometry, material, loads and load zones also play an
support that load. The number of stress cycles depends on bearifgportant role in bearing performance.

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

hfpe following equation provides a method to calculate the
?ubrication factor for a more accurate prediction of the in uence of

lubrication on tapered roller bearing lifgod. For more information

The load zone in a bearing is dominated by the internal clearancgn calculating this factor for ball bearings, consult your Timken
either radial or axial depending on the bearing type. Withouepresentative.

considering preload, less clearance in a bearing results in a larger

load zone and subsequently longer bearing life.

Fig. 46. Bearing load zones and rolling element-raceway contact
loading.

Using the dynamic equivalent loag) (stead of the applied radial
load (F) in the equation forgaroughly approximates the load zone

ag = GGXGXGXCXC X Cy
Where:

= geometry factor
= load factor
= load zone factor
= speed factor
= viscosity factor
r = grease lubrication factor

SO OHO 0L

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

A lubricant contamination factor is not included in the lubrication
factor because Timken endurance tests are typically run with a
0.040 mm (0.00157 in.) lter to provide a realistic level of lubricant
cleanness for most applications.

factor for combined loading only. If a more accurate assessment @eometry Factor é[}

the load zone adjusted life is necessary (e.g., including the effec

of internal clearance or tting practice), consult your Timken
representative.

38 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE

E’sg is given for most tapered roller bearing part nensbn 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 theGs is determined from the following gure, where rev/imin (RPM)
factor is different based on the type of bearing utilizets he s the rotational speed of the inner ring relative to the outer ring.
equivalent load applied to the bearing in Newtons and is determined
in the Equivalent Bearing Loadg) @&ction.

1000

= Ball Bearings
Tapered Roller Bearings

10

— Ball Bearings

09 Tapered Roller Bearings

100
08
0,7

0,6

05

C

10

04

03

0,2

0,1

1 10 100 1000 10000

0o Rotational Speed (RPM)

1 10 100 1000 10000 100000 1000000 10000000
P, (Newtons . .
4 ) Fig. 49. Speed factors{@s. rotational speed.

Fig. 47. Load facton)®s. equivalent bearing loadrP

VISCOSITY FACTOR (C

LOAD ZONE FACTQR (C The lubricant kinematic viscosity (centistokes [cSt]) is taken at the

operating temperature of the bearing. The operating viscosity can be

As mentioned previously, for all non-tapered roller bearings thgstimated by Fig. 50. The viscosity factpcé® then be determined
load zone factor is oré). For tapered roller bearings, the load from Fig. 51 on the following page.

zone factor can be taken from the graph based on the axial load
applied to that bearing.

1000
o}
)
1 ~ 2> 1000
‘D
0.9 N 3
N ]
N < 100
0.8 \\ Q
o N— 0.747 © 0
0.7 % 10 o
) £ \§ 10d
- 1 1
05 0 50 100 150 200
0 05 1 - 15 2 25 Temperature ( C)
R K

Fig. 50. Temperature vs. kinematic viscosity.

Fig. 48. Load factorj)@s. tapered bearing axial loadyF
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BEARING LIFE AND SYSTEM LIFE

— Sall Bearings LOW LOAD LIFE FACTGR (a

Tapered Roller Bearing
Bearing life tests at the Timken Technology Center have shown
greatly extended bearing fatigue life performance is achievable
100 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 sophistddat
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 factg) (a

as a function of the lubricant life factog)(and the ratio of bearing
! 10 Kinematic viscosity (¢S 1000 109 dynamic rating to the bearing equivalent load.

Ly

Fig. 51. Viscosity factorJj&/s. kinematic viscosity.
6,5

6

GREASE LUBRICATION FACT#R (C 55

5
For grease lubrication, the EHL lubrication Im becomes depleted of 45
oil over time and is reduced in thickness. Consequently, a reduction 4

factor (Gr) should be used to adjust for this effect. 8 3'35

CodR=3,50

CodR=2,50fCogR=2,00- /- CodR=1,75

GogR=1,33

CodR=1,25

Cgr: 0.79 2'25 CydP=1,10
e ﬂ
1 GdR=.90
GodR=0,80
MISALIGNMENT LIFE FACT@Ry(a 05
0 0,5 1 1,5 2 25 3
The life of the bearing depends on the magnitude of the angle aa|
of misalignment, on the internal bearing geometry, and on thlgig. 52. Low load factors@vs. lubricant life factor )

applied loads. and GdPr ratio.

Accurate alignment of the shaft 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 Lwt = 1{[T1/ )]+ B/ (L)al+... [Tn/(Ln)n]}

System reliability is the probability that all of the given bearings fYn€re, 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.... B

In the application, theésystem life for a number of bearings eachp AT|OS OF BEARING LIEE TO LOADS

having differentdglife is: POWER AND SPEEDS

= 3/2 3/2 3/2-2/3
Lao(system) = [(1£b4%2+ (1/hog >+ ... (1/k0)™3 In applications subjected to variable conditions of loading, bearing

life is calculated for one condition. Life for any other condition can

WEIGHTED AVERAGE LIFE AND easily be calculated by taking the ratio of certain variables. To use

LOAD EQUATIONS these ratios, the bearing load must vary proportionally with power,
In many applications, bearings are subjected to variouditons ~ speed, or both. Nevertheless, this applies only to “catalog” lives
of loading and bearing selection is often made on the basis 6f adjusted lives by any life adjustment factor(s). The following
maximum load and speed. However, under these conditions a mdgdationships hold under stated speci ¢ conditions:

meaningful analysis may be made examining the loading cycle to
determine the weighted average load.

TABLE 13.
Bearing selection based on weighted average loading will take LIFE RATIO EQUATIONS
into account variations in speed, load, and proportion of time
during which the variable loads and speed occur. However, it is Condition Equation
still necessary to consider extreme loading conditions to evaluate .
bearing contact stresses and alignment. Q/;Efbt}f s";i‘;d (g2 = (k1 (R/ RYORN/ )
Variable power (1g2= / B0/ n)7/3
. Variable speed 2= (Rou(H/ B/ )
Weighted Average Load
. o Constant load

Variable speed, load and proportion time: V;r?:b?: S;:ed (l22= (kou(n/ )

Rt = [(0TLRIB+ ...mTa 103 /03 Constant power - 713

. . Variable speed (l202= (b0n(re/ )

Where during each condition in a load cycle:

T = proportion of total time C\ﬁ’ﬂgg:ﬁ ':paede 4 (192 = (kn(R/ RO

F = load applied

n = RPM Variable power

na = reference speed of rotation for use in Constant speed (lag2 = (k9a(H/ K103

bearing life equations. For convenience,
500 RPM is normally used by Timken. [P = Load, torque or tangential gear force]

Uniformly increasing load, constant speed: To calculate system weighted life Timken determines the weighted life for each bearing

separately and then calculates a system weighted life.

Fv = [(3/13) a3 Fmin133 / (fmax- Fmin)]0-3
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

EFFECT OF LUBRICATION ON SPEED CAPABILIT

The design of the tapered roller bearing results in a natural

When determining the permissible operating speeds correspondinpqumping offect on the lubricant. where the lubricant is forced

to the bearing preloads used in machine tool sps)dinany
in uencing factors are involved. Among those considered are
spindle mass and construction, type of mounting,
and accuracy requirements, spindle loads, service life, type of
service (intermittent or continuous), and method of lubrication.

from the small end of the roller end, heading toward the wider end.
. .. .As speed increases, the lubricant begins to move outward due to
spindle r|g|d|t8/ . .
entrifugal effects. 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

Bearing temperatures, generally, vary directly with both speed an@is large end, ribbed-cup designs, or high-speed TSMA designs

load.However, high-speed applications must have suf cient axiahs operating speeds increase. Refer to the following speed
loading on the bearings to prevent heat generation due to rollinguidelines for more details.

element skidding. The amount of bearing preload is determined

primarily from these operating conditions. At lower speeds, the
operating loads are heavier and the bearing deflections 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

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

rib speed, which is the circumferential velocity at the midpoint of

the inner ring large end rib (Fig. 53). This may be calculated ST ere are no clear-

Rib speed:
vi= 220 (mis)
60000
7t DN
"2 (fUmin)
Where:

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.

nP= mean inner ring large rib diameter mm, in.

n = bearing speed

rev/min

Inner ring rib diameter

-~ —_—

Fig. 53. Cone rib diameter. The inner ring rib diameter may be

scaled from a print.
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SPEED GUIDELINES FOR TAPERED ROLLER BEARINGS
IN MACHINE TOOL SPINDLES

TABLE 14.
SPEED GUIDELINES

TAPERED ROLLER BEARING DESIGNS
i iti i i 2TS mounting (standard design)
Bearing Type And Position Cone Rib Speed (Feet/Minute) 5TS + TDO at reat (box mountig)
2TS mounting w/spring mounting
0 - 2500 ‘ 2500 - 40#0 4000 - %3000 6004 - 8000 804)0 - 10000 100G0MoRAYA0- Hydra-Rib
2 TSMA mounting front and rear
TSMA mounting + Hydra-Rib

TS bearing at nose position 2TS ribbed cup mounting

With standard stamped cage Yes Yes Yes No No No Ribbed cup mounting + Hydra-Rib
With thermal compensating device N#R N/R Conside) Yes®) No No SPINDLE BEARING DESIGN FACTORS
With internal geometry modi cations N/R N/R Consider Yes No No K-Factorof1.00to 1.80 preferred.
With cage modi cations N/R N/R N/R Yes No No hgg{( ;éif;?é%rgﬁ;irg?tgﬂi‘t’ig;f
With silver-plated cage N/R N/R N/R Consider No No Thin section L and LL type bearings
With machined cage N/R N/R N/R N/R No No  should be given primary consideration.
With improved nish N/R N/R N/R Consider No No  Consult with your Timken representative
to ensure bearings selected have good
TSMA bearing at nose position high-speed characteristics.
TSMA N/R N/R N/R Consitler Yes(®) Yes(®)
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 Conside 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(2) 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@)(7) Yes®)(@)

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

(2Kluber NBU15, Mobil 28, or equivalent.

(Dnly 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.
(65ame as (9) except water jackets in housing would also be required.

(78 Jets at 120 degrees.

(8Not to be used with TSMA design.

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

(10Not required (N/R).
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LUBRICATION GUIDELINES FOR HIGHER
SPEED BEARINGS

INTERNAL BEARING DESIGNFAGTOR

Internal bearing geometry has a direct influence on torque

A precision tapered roller bearing can meet almost any level aind, therefore heat generation. In order to rate the torque/heat

speed required by the machine tool industry with the TSMA an

generation characteristics of its bearings and to assist designers

Hydra-Rib high-speed bearing designs, providing circulating oiih Selecting appropriate bearings, Timken developed arfealied

lubrication can be accommodated.

Both the lubricant and lubrication system have an effect on hea
generation and heat-dissipation rates and thus are important t
the speed capabilities of a bearing.
The choice of lubrication will depend on:

Maximum speed requirement

Heat dissipation rate of the system

Spindle layout

Orientation of the spindle

Speed guidelines

Gu: the lower the @Gfactor, the lower the heat generation. The
G factors are published in Timken catalogs and are listed in the

8ppendix of this catalog for the precision tapered roller bearing
part numbers listed in the tapered roller bearing section.

This Gfactor is of prime importance to a designer because of the
in uence of operating temperature on spindle accuracy.

Typical industry experience indicates no problems
under ordinary circumstances.

mmm |ndustry experience

required to optimize

indicates testing may be
system.

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

Oil jets + cooling jets (TS(F) + Hygre-Bi_b:“Q

Oil mist + cooling jets
-

(TS(F) + TS(F))
EEEEEEEN

Circulating oil
EEEEEEIODDOOD

Oil level
u mlooee®

Synttﬁetﬁ: grease

Special high-speed bearings with circulating oil (TSMA + Hydragb”")

1 1 1 1 1 Z 1 g 1
0 10 20 30 40 507 100 /80
0 2000 4000 6000 8000 10000 20000 ft/@AO00
Rib Speed

Fig. 55. Speed capability guidelines for various types of lubrication
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LUBRICATION .
TAPERED ROLLER BEARINGS Mineral Grease

%Vhen conventional (mineral) greases are used, the rib speed should
directly linked with the speedability of a bearing. It is strongI}/e l,lmlted t0'5 m/s (985 fpm). This limit can b.e increased under pure
. . . adial loads up to 13 m/s (2560 fpm) provided that the bearings

suggested that the section on permissible operating speed be =~ . .
. . . . . .__._remain in end play under all operating conditions. Generally, No. 2
reviewed by the customer in addition to this section on lubrication. . . . . .
consistency greases are used with medium- to low-viscosity base

oils.

Lubricant guantit may be approximated by using the
GREASE Zant quantity @) may be app y using
following equation:

M
Vmg:fmgXV:fmgX[%XTX(DZ'dZ)X10_3' 78)(—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

. . S L Synthetic Grease
Fig. 57. Simple radial oil inlet hole with oil collector.

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:

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

Very small initial quantity of grease is applied to prevent
excessive churning.

Grease lubrication speed limits are lower than &irfotr oil Initial run-in period to evacuate unnecessary grease from
lubrication because all the heat must be carried away by the bearing.
conduction through the shaft and housing. Good spindle design to retain grease around the bearings.

Ef cient sealing to protect against external contamination.

Lubricant quantity g¢) may be approximated by using the following
equation;

m M
ng:fngV:fng[—XTX(DZ'dZ)X1O_3‘ (Cm3)
4 7.8x103

Where:
dg = factor depending on speed: 0.15 < fsg < 0.3
nm = 3.1416

TIMKE? FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONSSCATALOG



ENGINEERING

PERMISSIBLE OPERATING SPEED AND LUBRICATION

When using synthetic greases, the limiting factor is the “lubricatid@il Feed System

for life” concept (without re-greasing). Depending on load anEorced-feed oil systems are generally used in the machine tool

speed conditions, the grease life will typically be limited to 5000 . L .
0 8000 h industry. In a typical system, oil is pumped from a central reservoir
(o} ours.

to each bearing separately. Oil is introduced at the small end of the
The Timken Company's suggestions for the use and run-in @llers and drained away at the large end to take advantage of the
synthetic greases are illustrated later in this section. natural pumping action of tapered roller bearings.

A normal way to Il the bearing with grease is to do it by hand befokgirculating oil allows a continuous regulated oil ow. Apart from
heating and tting the components. For the cone, the free volumgoviding the advantages of maximum heat dissipation, it also has
corresponding to the rst third of the rollers, startingfitbeir large  the added bene t of removing any contamination or debris that
end, is lled with grease; an additional quantity is provided belowould possibly cause bearing wear.

the cage. For the cup, a thin Im of grease is spread all around ﬂl]-?eat exchangers can be included in a circulating system to reduce

race as shown in Fig. 56 on the previous page. oil inlet temperature and better regulate the running temperature of
the system. Filters of 0.040 mm (0.00157 in.) size also are generally
OIL provided to remove debris.

Grease lubrication of spindle bearings is generally preferred by i N

. . S . L . 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 meth
because of its capability to remove heat from the spindle.

14

Oil Circulation

Many parameters have to be considered in designing an ef ciquig_ 59. Cooling jets in top part of the housing for speed above
oil circulation lubrication system: 25 m/s (4920 fpm).

Oil characteristics.

Oil ow rates. Experience has shown that for speeds up to 20 m/s (3940 fpm),
Oil feed and drain systems. a simple radial oil inlet hole in the top part of the housing in
Heat dissipation rate of the bearing system. 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
The latter is affected by factors such as conduction through thge positioned to direct oil at the small end of the roller at the gap

housing walls and convection by the circulating lubricant. between the cage and the inner ring (Fig. 58 on the previous page).

For high speeds or in case of large size bearings, additional oil jets

Oil Characteristics can be arranged about the circumference to better distribute the
oil within the bearings.

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] apgAl | BEARINGS
above), the effect of centrifugal force will throw the oil to the outsid(Even though ball bearings have the least amount of friction of
glong the cup race. To pre_ventlubricant st.a_rvatioQ ?t the inner Irinagny of the common rolling bearings, lubrication is required to
fib, a'lnd cpnsequent bearing burnl.Jp, anmonaI oil jets h.ave o tr)rt?'nimize rolling resistance due to deformation of the balls in the
provided in the top part of the housing (Fig. 59 on the previous paggi'eways under load, 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
T 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
Fig. 60. The TSMA bearing. friction between the lubricant and the moving parts, in the form of
churning or internal shear of the lubricant itself.

] o In the lubrication of ball bearings it is important to realize that
For rib speeds over 40 m/s (7874 fom), special high-speed Tsy'sa}nall guantity of oil or grease will, if constantly present in the

bfearr:ngs lrllave. been developed: A spet.:lal provision for IUbrIC"j"t'onﬂearing, suf ce for its requirements. It should be noted that trouble
0 t.e r_o er-rib contact area is provided _to en_Sl_Jre adquat%an result from too much lubrication just as it can from too little.
lubrication. Thg Concgpt Work§ by.capturlng oil in a_ mann‘ol%oth conditions should be avoided. Excessive oil or grease will
attached to the inner ring and directing it to the roller-rib contac}esult in high temperature and possible damage. When grease
area through holes drilled axially in the inner ring (Fig. 60). is used, it is necessary to take into consideration the maximum

operating temperature. Particular attention must be given to the
Oil Drainage System housing design relating to the proximity of the grease to the bearing,

) i ] ] ) ) to assure adequate purge room and grease retention.
An effective circulating oil system requires adequate drainage to

prevent an oil buildup that would cause excessive churning andePending upon operating speeds, loads and temperatures,
unnecessary heat generation. Oil passing through a high-speéHaChi”e tool ball bearings are lubricated with grease, oil or olil
bearing will exit the bearing at a high velocity and also will swiff"iSt- In general, oils are required when bearings operate at high
around the housing in the direction of rotation of the bearing. T’RP€€ds as they provide greater cooling than is possible with grease.
effectively drain the oil away, the high velocity must be slowed and

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 estintiateeffect

GREASE

of preload and lubrication method on the Permissible Operatirld'€ Use of grease as a lubricant for Timken super precision ball

Speed (§).

Sp= R x X BXNG
Where:

R = lubrication factor

k> = preload factor

Fz = ball material factor

bearings on various spindle applications is becoming more popular,
due to the development of better ball bearing greases; siatipin

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. Prelubricating
the bearings at assembly with the correct amount of the correct

grease, thus eliminating all grease ttings, has increased bearing

life in many instances.

Ngis Permissible Speed for a single, grease-lubricated bearing with o _
inner ring rotation. This value is found with the part number tabldsOr successful lubrication, grease for ball bearings should

Factors are as follows:

TABLE 15.

LUBRICATION FACTOR)= (F

Lubrication Factor (F

Grease ‘ L=F1.00
Oil bath ‘ LF1.50
Oil mist ‘ LF1.70
Oil jet or _
metered oil ‘ fL=2.00
TABLE 16.

BEARING PRELOAD FACTOR = (F

Bearing Mounting | Bearing Preload

Arrangement L

P | ow
PR om
QD | os
POR | os
Pp=Q | on
PORQ s
DP=QE | o

TABLE 17.

BALL MATERIAL FACTQHR (F

M H
0,70 0,50

0,60 0,40
0,50 0,30
0,50 0,30
0,60 0,35
0,40 0,20
0,45 0,25

Ball Material Factor gfF

Steel balls ‘ g=R.00

Ceramic Balls

Ry=1.20

(ICeramic balls allow 20 percent increase to speed factor.

have good 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 Oil

Before selecting a grease, it is important to de ne a relative spee@vhere the speeds are considered high for oil bath and the bearings
capability of the application. There is no precise method that cagre moderately loaded, oil introduced through a Ilter-type, sight-
be applied to determine the operating speed of a bearing. Over theed oiler is suggested. This assures a constant supply of lubricant.
years, designers of machine tool systems have been guided by thgiie feed in drops-per-minute is determined by closely observing
own experiences from which many basic “rules of thumb” havehe operating temperatures.

been 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 o )
. . . In applications where the ball bearing is heavily loaded and
spindle ball bearings are:

operating at high speed and high temperatures, or where the

Unirex N3 Vertical applications < 500000 dN operating conditions are severe with high ambient temperatures,
Mobil 28 Light loads < 600000 dN oil jet lubrication may be required. In such cases, it is necessary
Chevron SRI Medium to heavy loads < 350000 dN to lubricate each bearing location individually and to provide
Kluber 1so ex NBU 15/ Light loads, vertical or adequately large drain openings to prevent excessive accumulation
NCA 15 horizontal applications > 500000 dN of oil after it has passed through the bearigs.
Kluber BF-7222 Light loads, vertical or horizontal s

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

OIL viscosity is atomized into nely divided particles, mixed with clean,

Itered, dry compressed air and directed to pass through the
Although several grease products have been successful at OI'E;earings in a constant stream. This oil is metered intortbader

values as high as one million, oils are generally suggested f?)rressure. This system not only lubricates the bearings, it affords

bearings operating at high speeds or to provide more COOIingome cooling due to the air ow. This continuous passage of air

an.d ((j]lllsspla::on.of hea’F than. IS pfossmle with grease.bH||gh-gradgnd oil through the bearings and the labyrinth seals also serves to
spindle 9' aving a V'SCOS'Fy 0 ,100 segon s Say olt at. 37, p(r:event the entrance of contaminants into the bearings.
(100 F)is suggested for use in drip-feed oilers, oil bath lubrication

arrangements and oil 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 TABLE 18.
damage to the balls and raceways, it is imperative that the oil LUBRICATION SYSTEM COMPARISON

mist system be turned on for several minutes before the spindle L .
. d Thei f ina the beari bef . Lubrication System Typical Speed
is started. The importance of wetting the bearings before starting Type Cost (dNy2
cannot be overstated and has particular signi cance for spindles
that have been idle for extended periods of time. To avoid such Grease Low 500000
effects, most oil mist systems have interlocks that make it jign.speed grease Low 750000
impossible to start the spindle until the lubricating system is working _
properly and the bearings are thoroughly wetted. Oil bath Low 400000
Oil drip Low 600000

A Oil mist Medi 1000000
Metered Air/Oil s ecum
This method is similar to the oil mist; however, the oil is fed by Metered airfoll High >1000000
periodic pulses to the lubrication line providing a higher air-to- Oil jet High >1000000

oil ratio. Therefore, this method lowers the operating bearing

temperature and lubricant shear effects, enabling higher operatingsspeed value is an approximation and assumes proper mounting and preload
1) techniques along with average loading conditions. For more speci ¢ guidance contact
speed - .
your Timken representative.

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

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

millimeters by the shaft RPM.
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RUN-IN PROCEDURES

RUN-IN PROCEDURES CABLE 16
TAPERED ROLLER BEARINGS WITH  RUN-IN SUGGESTIONS FOR SYNTHETIC GREASE-LUBRICATED

SYNTH ET'C 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
temperature. = s_ec Run

1 min Stop
During run-in operations, the bearing temperature must be 20 sec RUN
constantly monitored and immediately plotted on a graph so that 1 min Stop
any tendency of the curve toward a vertical asymptote can be 30 sec Run
averted. Temperature probes, placed closest to the bearings, will 1 min Stop
provide better control of the run-in operations. 40 sec Run
The other advantage of the graph is to help determine the run-in 1 min Stop
time at a given speed. When the curve becomes horizontal, it shows 50 sec Run
that the temperature has stabilized. It is then possible to proceed 1 min Stop
to the next speed. 1 min Run
The indicated times may vary depending on the speeds and heat 910 rz;nc Run Stop
dissipation capacity of the spindles. 1 min Stop
According to the results obtained on the prototype, it may be 2 min Run
possible to reduce either the number or the length (or both) of the 1 min Stop
run-in steps for production spindles. In any event, temperature 3 min Run*
control should be retained for safety reasons. 1 min Stop
When running-in multi-speed spindles, reduced speeds must be 4 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 6 min Run*
of grease. 1 min Stop

10 min Run*

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 SPINI

25% Max. Speed 50% Max. Speed 75% Max Speed Max. Speed
Time Action Time Action Time Action Tim% Action
1 min Run 1 min Run 1 min Run 1 min Run
1 min Stop 1 min Stop 1 min Stop 1 min Stop
1 min Run 1 min Run 1 min Run 1 min Run
1 min Stop 1 min Stop 1 min Stop 1 min Stop
2 min Run 2 min Run 2 min Run 2 min Run
1 min Stop 1 min Stop 1 min Stop 1 min Stop
3 min Run 3 min Run 3 min Run 3 min Run
5 min Stop 5mi Stop 5 min Stop 5 min Stop
%cThen run until %oThen run until %ocThen run and closely watch the 9%ocThen run until temperature stabilizes.
temperature stabilizes. temperature stabilizes. curve’s shape during running, until stabM this step of the cycle, closely watch
lization. If it tends to be vertical, stop [LEhe curve’s shape. If it tends to be verti-
minutes and run again at same speed.cal, stop 15 minutes and run again at 75
percent of max. speed until the tempera-
ture stabilizes again. Then restart the
cycle from the beginning at max. speed.
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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 procedus proper run-in procedure will provide the following results:
The peaking temperature followed by the leveling off is a result °f Eype| the excess grease from the bearings.
the new grease being worked and then stabilized for a particular

. Orient the lubricating Im on each contact surface.
condition 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 gi4ple 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

® 140 F exceeds 70 C [158 F]), stop the run-in process.
‘E 130 F N\ 55 C Maximum bearing temperatures should not exceed 70 C
8 10 F / \ (158 F). Temperatures in excess of 70 C (158°F) may cause
€ " /_/ 45 C excessive bearing preloads and possible permanent grease
() .
Z 110 F / or bearing damage.
g“ 100 F a5 C 5. Allow the system to cool to room temperature.
§ %0 F 6. Restart procedure at the last speed prior to the
g s0F temperature spike.
< 25 C
70 F ‘ ; ; ; ‘ 7. Continue repeating the above cycle until an equilibrium
0 50 100 150 200 250 300 temperature is reached at the maximum operating speed
Time (minutes) of the applicatioriThe ideal equilibrium operating
— Temperature temperature is 35 Cto 46 C (95 Fto 115 F).
Fig. 62. Typical temperature pro le during break-in (4 speed
increments from 200000 dN start to 800000 dN nish). ALTERNATIVE RUN_I N PROCEDURE
150 £ (WHEN UNABLE TO CONTROL INCREMENTAL
o SPEEDS)
3 120 F
g 45 C Run-in at constant speed also is possible. In this operation, the
g 110 F / bearing should run at full speed for about 30 seconds. After
© 100 E stopping, the heat in the bearing dissipates. In this way, a dangerous
% / 3B C temperature rise is prevented. The non-running time depends on the
g % F / various design factors, but it should be at least ve times greater
g 80 F ’5 G than the running time. This process is repeated until the bearing
g temperature becomes constant.
70 F ; ; ; ; ;
0 50 100 150 200 250 300
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 tovpne 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.
1

Fig. 64. Vertical axis spindle.

‘Z AN
g 1 Pressure
i d control

i

T
!

| [ | \ |
I \
[ 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 olil.
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HEAT GENERATION AND DISSIPATION

HEAT GENERATION AND

The generated heat will be underestimated if operating speed:

DISSIPATION
TAPERED ROLLER BEARINGS ne (M)O“RPM
HEAT GENERATION Gxp \ K

Under normal operating conditions, most of the torque and he@\t/here'

generated by the bearing is due to the elastohydrodynamic losses )
at the contact area between rollers and races. G = geometry factor (from bearing data tables)
= 625 (metric) or 1700 (in.)

The following equation is used to calculate the heat generated K = K factor of the bearing (from bearing data tables)

by the bearing:

f = combined load factor (Fig. 66)
%en = knM
M = KGi (n)062(Ry)03 g /
2.6 /
Where: 2] /
Qen = generated heat (W or Btu/min) 2'27 /
M = running torque N.m or Ibf-in. - 2'07 t
- ; -
n = rotational speed (RPM) £ 13 //
G. = geometry factor from bearing data tables g‘ 161 \ /
= L N
= viscosity at operating temperature (cP) L% 14 //
Peq = dynamic equivalent load (N or Ibf) 212 //fl
ki = bearing torque constant S 1.0 // -
= 2.56 x Hfor M in N-m B8 / ifLXE>2.0{1?
= 3.54 x ¥or M in Ibf-in. '_g 0.8 / F f=f+ 0.8
ks = dimensional factor to calculate heat generation rate 3 0.67 if 0.45%'5 <2.0:Use graph
= 0.105 for Qgen in W when M in N-m 0.4 £ KXE £1-0.06
= 6.73 x ¥for Qgen in Btu/min when M in Ibf-in. 0.2 R ‘0'47{&:1-78
I T T e B T I
0 02 0406 0810 12141618 2.0
KR/FR
Fig. 66. Determination of combined load factoentl 5.
TABLE 21.
DETERMINATION OF DYNAMIC EQUIVALENTd4OAD P
Design o . Dynamic Equivalent
(Thrust B Onto A) Thrust Condition Net Axial Load Load Rq
Bearing A Bearing 0.4%Fg
Faa= + ke
0.4% Ra 0.4% ks + R Ks
Ka Ke oo O4KFE o
B=
- ()
ke K
- Ak .
-H- Bearing & Faa= D4R A f1 = combined load factor
ﬁ\ ﬁ 04%FRa 04RFe, ) 4*;/: (see Fig. 66)
] Ka k8 Re= 20K
e f K
Fa Fs
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HEAT GENERATION AND DISSIPATION

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

convection to the inner walls of the housing. The heat dissipation

The heat dissipation rate of a bearing system is affected by man)c{l . . L . .
; te with this lubrication method can be enhanced by using cooling
factors, and the modes of heat transfer need to be considered.

. . . oils in the housing sump.
Major heat transfer modes in most systems are conduction throug% 9 P
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
Heat removed through the housing. used to estimate the housing heat dissipation rate.

Heat removed by circulating oil.

At the steady-state temperature, the total heat dissipation rate from
Heat Dissipation by Circulating Oil 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=ls x/x (&- @) the known temperature.

If a circulating lubricant other than petroleum oil is used, the heatio 4t 10sses from housings are primarily by conduction and

carried away by that lubricant will be: convection and are therefore nearly linearly related to temperature
A=k xXGXI Xf X ®-8 difference. Thus, the housing heat dissipation rate is:

Where: Qisg=C & - &mb)

Heat dissipated by a circulating oil system is:

At the operating condition where the steady-state temperature is

ks = dimensional factor to calculate heat carried ) o )
known, the housing heat dissipation factor can be estimated as:

away by a petroleum oll

ls = 28 for @ in W whery in L/min ancein C C= @n- Qi

ks = 0.42 for &in Btu/min wheni in & - embt
U.S. pt/min anein F

ks = dimensional factor to calculate heat carried
away by a circulating uid
ks =1.67 x T¥or Qjiin W
k = 1.67 x ®for 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 kgAnb/f8

If lubricant ow is unrestricted on the outlet side of a bearing, the
ow rate that can freely pass through the bearirgpeinds 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.
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HEAT GENERATION AND DISSIPATION

BALL BEARINGS

HEAT GENERATION 100 ¢

Low operating temperatures, combined with adequate spindle ¢op %0 ¢
rigidity, are important and highly desirable for precision machine 8o F Vi 20 C
tools. This is particularly true for high-speed grinding spindles 70 F

where the preload of the bearings is the principal load imposed 60 F A 130 cC
upon them. Some of the benefits derived from low operating 0 F / B~

temperatures are better dimensional stability of the processed 40 F = 20 C
work, less need for bearing lubrication, prevention of abjeaile jg :: 7

heat at the external surfaces of the spindle housing, and elimination ;- - woc
of troubles due to thermal effects on mounting ts and preloads.

01 2 3 456 7 8 9 10 11 12 1314 15 16

PRELOAD AND HEAT GENERATION Fig. 67. Effect of preload on temperature rise.

The heat developed at the bearings under load is a function of the
operating speed and the bearing preload. Preloading is necessary
for maximum axial and radial rigidity. Unfortunately, if speeds are

increased, the bearing preload may have to be lessened to maintﬁEAR ING GEOMETRY AND HEAT GENERATION
proper operating temperatures at the bearing. It should be noted that a bearing's internal geometry has a major

For high-speed operation, the bearing preload should be suf cierij_]paCt on heat_ ger?eration. High-s_pe_ed dgsigns, such as _the
to maintain proper rolling friction for the balls, but not so high as ggmken HX Series, mgorporate_ opnrmzed internal geometﬂes
generate excessive heat. In cases where lower operating speed8at Palance load-carrying capacity, stiffness and heat generation.

are desired, bearing preloads may be increased to obtain additional

bearing rigidity, provided the proper operating temperatures{EAT DISSIPATION

are maintained. Thus, a balance between heat generation and , ) )
. . . . \When ball bearing spindles are grease lubricated, the heat
spindle rigidity dictates the amount of bearing preload that is . i :
.nggenerated is removed only by conduction through the surrounding

used, commensurate with the operational speed and the beari . . . . . .
arts. With jet or circulating oil lubrication, generated heat is

lif ired.
fle require dissipated by the oil passing through the bearings as well as by
How bearing preload affects the operating temperature igonduction through the shaft and housing. Both means of removing

illustrated in Fig. 67. This graph applies to 2A-angular  heat from the bearings are important, but generally, dissipation
contact, duplexed super precision ball bearings, mounted backhrough conduction is less obvious.

to-back. Curve A is a plot of operating temperature at the bearin

. . o . . . A&s an example, in an oil mist-lubricated grinding spindle, the nose
outside diameter for the speeds indicated, using bearings wit : e
. - . . . or wheel-end bearings are xed and close to the grinding coolant.
a high built-in preload. Curve B is for bearings having a low, ) :
; The pulley-end or rear bearings are secured axially on the shaft,
preload. The slope of Curve A is much steeper than that of Curt\)/gt ermitted to oat laterally in the housing to compensate for size
B. Using bearings with a high preload, the temperature rise at the P y g P

bearing outside diameter is 34 C (93 F) when operating at 3(‘318 jiations due to thermal changes. Heat is conducted away from

. . . . the front bearings at a faster rate because of the thermal mass of
RPM. For the same temperature rise using bearings with low . . . .
. L the spindle nose and the intimate contact of the outer rings with
preload, an operating speed of 15300 RPM is indicated. Therefore, . . .
. . . . . the housing shoulder, the end cover and the housing bore. This
it is evident that for higher-speed operation, the bearing preload

. .__condition, coupled with oil mist lubrication and the proximity of the
should be kept to the minimum necessary to ensure suf cient . .
L grinding coolant, takes away generated heat ef ciently.
bearing rigidity.

For workhead spindles, the operating speeds are generally low aﬁl’?e rear or oating pair of bearings is not so favored. Usually, the

. . . . . . } ermal mass of the shaft at the drive-end is not so great. The drive-
the loading conditions heavy. Maximum radial and axial spindie . . .
S . N . end possesses some heat-conduction ability, but also receives heat
rigidity is required under these loads, making increased beari

n

reload mandator generated by belt friction. The absence of grinding coolant and
P Y 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 O‘F
“classes” that de ne tolerances on dimensions .

speci cations or

such as bore, O.D., width and runout. The Timken Company prodngs
bearings in both inch and metric systems. The boundary dimension
tolerances applicable to these two categories of bearings differ.

TAPERED ROLLER BEARING PRECISION CLASSES

Tapered Roller Bearings - Precision Class

Timken Metric
Timken Inch
ISO/DIN
ABMA Metri¢
ABMA Inch

TABLE 22.

C
3
P5

C
3

B |
o

o

.
B
|

0

Crossed Tapered - Precision Class

S
3

Timken Metric

Timken Inch

Cone Bore

Bearing
Types?)

Bore
Over

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
265.000
10.4331
315.000
12.4016
400.000
15.7480
500.000
19.6850
630.000
24.8031
800.000
31.4961
1000.000
39.3701
1200.000
47.2441

mm‘

TS
TSF

P
0

TOLERANCES

he major difference between the two tolerance systems is that
inch bearings have historically been manufactured to positive
re and O.D. tolerances, whereas metric bearings have been
manufactured to negative tolerances.

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

A\ AA  Timken manufactures metric system bearings to four tolerance
00 \ 000  classes. Classes C, B, A and AA are “precision” classes. These
PZ‘ - tolerances lie within those currently speci ed B8Q 492 with
A\ - the exception of a small number of dimensions indicated in the
00\ - tables. The differences normally have an insignificant effect

on the mounting and performance of tapered roller bearings.
The adjacent table illustrates the current ISO bearing class that
corresponds approximately to each of The Timken Company metric
bearing classes.

TABLE 23.

METRIC BEARING TOLERENCES - CONE BORE

1000.000
39.3701
1200.000
47.2441
1600.000
62.9921

0.000
0.0000

Precision Bearing Class

| B A AA
Min ‘ Max.‘ Min Max.‘ Min. Max\ Min.
mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
n. n. n. n. n. n. n.
-0.007 0.000 -0.005 0.000 -0.005 0.000 -0.
-0.0003 0.0000 | -0.0002 0.0000  -0.0002 0.0000  -0.0002
-0.008 0.000 -0.006 0.000 -0.006 0.000 -0.006
-0.0003 0.0000 | -0.0002 0.0000  -0.0002 0.0000  -0.0002
-0.010 0.000 £0.008 0.000 -0.008 0.000 -0.008
-0.0004 0.0000 | -0.0003 0.0000  -0.0003 0.0000  -0.0003
-0.012 0.000 40.009 0.000 -0.008 0.000 -0.008
-0.0005 0.0000 | -0.0004  0.0000  -0.0003 0.0000  -0.0003
-0.015 0.000 0.010 0.000 -0.008 0.000 -0.008
-0.0006 0.0000 | -0.0004 0.0000  -0.0003 0.0000  -0.0003
-0.018 0.000 10.013 0.000 -0.008 0.000 -0.008
-0.0007 0.0000 | -0.0005 0.0000  -0.0003 0.0000  -0.0003
-0.022 0.000 L0.015 0.000 -0.008 0.000 -0.008
-0.0009 0.0000 | -0.0006 0.0000  -0.0003 0.0000  -0.0003
-0.022 0.000 10.015 0.000 -0.008 0.000 -0.008
-0.0009 0.0000 | -0.0006 0.0000  -0.0003 0.0000  -0.0003
-0.022 0.000 10.015 0.000 -0.008 0.000 -0.008
-0.0009 0.0000 | -0.0006 0.0000  -0.0003 0.0000  -0.0003
-0.025 - - - - - -
-0.0010 - - - - - -
-0.025 - - - - - -
-0.0010 - - - - - -
-0.030 - - - - - -
-0.0012 - - - - - -
-0.040 - - - - - -
-0.0016 - - - - - -
-0,050 - - - - - -
-0.0020 - - - - - -
-0/060 - - - - - -
-0.0024 - - - - - -
-0/080 - - - - - -
-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. Maxl Min.
r_nm ‘ r_nm ‘ r_nm ‘ r_nm ‘ r_nm ‘ r_nm r_nm ‘ r_nm r_nm ‘ r_nm
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 0.010 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 10.011 0.000 -0.008 0.000 -0.008
47244 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 10.013 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
180.000  250.000 0.000 -0.020 0.000 10.015 0.000 -0.008 0.000 -0.008
TTsSF 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 10.018 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 10.018 0.000 -0.008 0.000 -0.008
104331  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 10.020 - - - -
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  24.8031 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
Typest Over Incl. ‘ Max. ‘ Min. ‘ Max. ‘ Min. Max. ‘ Min. Maxl Min.
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
n. n. n. n. n. n. n. n. n. n.
10.000  50.000 0.000 -0.200 0.000 0.200 0.000 -0.200 0.000 -0.
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 0.300 0.000 -0.300 0.000 -0.300
1.9685 4.7244 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118 0.0000 -0.0118
120.000  180.000 0.000 -0.300 0.000 10.300 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 10.350 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 10.350 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 10.350 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 -0.350 - - - - - -
19.6850  24.8081 0.0000 -0.0138 - - - - - -
630.000 1200.000  0.000 -0.350 - - - - - -
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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METRIC BEARING TOLERANCES - CUP WIDTH

TABLE 26.

ENGINEERING
TOLERANCES

Cup Width ‘ Precision Bearing Class
Bearin Cup O.D. ‘ c ‘ B A AA
Typest Over Incl. ‘ Max. ‘ Min. ‘ Max. ‘ Min. Max.‘ Min. Max\ Min.
r_nm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ r_nm
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  0.00Q -0.0059  0.0000  -0.0059
80.000  150.000  0.000 -0.200 0.000 0.200 0.000 -0.200 0.000 -0.200
3.1496 5.9055 0.0000  -0.0079  0.0000 | -0.0079  0.00Q -0.0079  0.0000  -0.0079
150.000  180.000  0.000 -0.250 0.000 10.250 0.000 -0.250 0.000 -0.250
5.9055 7.0866 0.0000  -0.0098  0.0000 | -0.0098  0.000 -0.0098  0.0000  -0.0098
180.000  250.000  0.000 -0.250 0.000 10.250 0.000 -0.250 0.000 -0.250
7.0866 9.8425 0.0000  -0.0098  0.0000 | -0.0098  0.000 -0.0098  0.0000  -0.0098
250.000 265000  0.000 -0.800 0.000 10.300 0.000 -0.300 0.000 -0.300
9.8425  10.4331  0.0000  -0.0118  0.0000 | -0.0118  0.00 -0.0118  0.0000  -0.0118
TTSF 265.000 315000  0.000 -0.800 0.000 10.300 0.000 -0.300 0.000 -0.300
10.4331 124016  0.0000  -0.0118  0.0000 | -0.0118  0.00 -0.0118  0.0000  -0.0118
315.000 400000  0.000 -0.300 0.000 10.300 - - - -
12.4016 157480  0.0000  -D.0118  0.0000 | -0.0118 - - - -
400.000  500.000  0.000 -0.850 - - - - -
15.7480  19.6850  0.0000  -0.0138 - - - - - -
500.000 800.000  0.000 -0.850 - - - - -
19.6850  31.4961  0.0000  -D.0138 - - - - - -
800.000  1200.000  0.000 -0/400 - - - - -
31.4961  47.2441  0.0000  -0.0157 - - - - - -
1200.000 1600.000  0.000 -0/400 - - - - -
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. Max\ Min.
mm ‘ mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘ mm
n. n. n. n. n. n. n. n. n. n.
10000  80.000  +0.100  -0.100
03937 31496  +0.0039  -0.0039 Cone Stand. Cone stand
80.000  120.000  +0.100  -0.100 is a measure of the
3.1496 47244 +0.0039  -0.0039 variation in cone raceway
120.000 180.0d0 +0.100 —O.hOO Size, taper and ro”er
l‘;gzo‘gg 2;(?23‘% :g'fgg’g (']dh'gg% @ @ @ @ @  diameter. This is checked
TT;: 7.0866 9.8425  +0.0039  -0.0059 by measuring the axial
250000 265000  +0.100 -0.150 location of the reference
0.8425  10.4331  +0.0039  -0.0059 surface of a master cup
265.000 315000 +0.100  -0.150 or other type gage with
10.4331  12.4016  +0.0039  -D.0059 respect to the reference
315.000 400.000  +0.150  -0.150 - - - - - cone face.
12.4016  15.7480  +0.0059  -D.0059 - - - - - -
400.000 - | @ o | - - - - - -
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.
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ENGINEERING

TOLERANCES
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\
mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in.
10.000  18.000 +0.100  -0.100
0.3937 0.7087 +0.0039  -0.0039 Cup Stand. Cup stand
18.000 80.000 +0.100 -0.100 is a measure of the
0.7087 3.1496 +0.0039 '(1'0039 variation in cup 1.D. size
80.000  120.000  +0.100  -0.100 Iy
@) @ @ @) @)
Ts 31496 47244  +0.0039  -0.0039 gndr:]aep:gjms '?hC:e;)l((iZ?
T9® | 120000 265000  +0.100  -0.150 ym 9
47244 104331  +0.0039  -0.0059 location of the reference
265.000 315000  +0.100  -0.150 surface of a master plug
10.4331  12.4016  +0.0039  -D.0059 or other type gage with
315.000 400000  +0.100  -0.150 - - - - - - respect to the reference
12.4016 157480  +0.0039  -0.0059 - - - - face of the cup.
400.000 - o o | - - - - -
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).

Overall Bearing Width

Bearin
Typest

TS
TSP

Bore
Over

in.
10.000
0.3937
80.000
3.1496
120.000
4.7244
180.000
7.0866
250.000
9.8425
265.000
10.4331
315.000
12.4016
500.000
19.6850
800.000
31.4961
1000.000
39.3701
1200.000
47.2441

mm ‘

TABL

E 29.

METRIC BEARING TOLERANCES - OVERALL BEARING WIDTH

| c | B A AA
Incl. ‘ Max. ‘ Min. ‘ Max.‘ Min. Max.‘ Min. Max\
mm ‘ mm ‘ mm ‘ mm ‘ mm mm ‘ mm mm ‘
n. n. n n. n. n. n. n.
80.000  +0.200  -0.200  +0.200  -0.200  +0.200 | -0.200
3.1496  +0.0079  -0.0079  +0.0079 | -0.0079  +0.0079  -0.0079
120000  +0.200  -0.200  +0.200 0.200  +0.200 | -0.200
47244  +0.0079  -0.0079  +0.0079 | -0.0079  +0.0079  -0.0079
180000  +0.350  -0.250  +0.200 0.250  +0.200 | -0.250
7.0866  +0.0138  -0.0098  +0.0079 | -0.0098  +0.0079  -0.0098
250.000  +0.350  -0.250  +0.200 0.300  +0.200 | -0.300
9.8425  +0.0138  -0.0098  +0.0079 | -0.0118  +0.0079  -0.0118
265.000  +0.350  -0.300  +0.200 0.300  +0.200 | -0.300
104331  +0.0138  -0.0118  +0.0079 | -0.0118  +0.0079  -0.0118
315.000  +0.350  -0.800  +0.200 0.300  +0.200 | -0.300
12.4016  +0.0138  -0.0118  +0.0079 | -0.0118  +0.0079  -0.0118
500.000  +0.350  -0.300 - - - - -
19.6850  +0.0138  -0.0118 - - - -
800.000  +0.350  -0.400 - - - - -
314961  +0.0138  -0.0157 - - - -
1000.000  +0.350  -0.400 - - - - -
39.3701  +0.0138  -0.0157 - - - -
1200.000 +0.350  -0/450 - - - - -
472441  +0.0138  -0.0177 - - - - -
1600.000 +0.350  -0/500 - - - - -
62.9921  +0.0138  -0.0197 - - - - -

Precision Bearing Class

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
(2For bearing type TSF, the tolerance applies to the dimension T
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+0.200
+0.0079
+0.200

+0.0079
+0.200

+0.0079
+0.200

+0.0079
+0.200
+0.0079
+0.200
+0.0079

-0.200
-0.0079
-0.200
-0.0079
-0.250
-0.0098
-0.300
-0.0118
-0.300
-0.0118
-0.300
-0.0118



ENGINEERING

TOLERANCES
TABLE 30.
METRIC BEARING TOLERANCES - ASSEMBLED BEARING MAXIMUM RADIAL RUNOUT
Assembled Bearing Maximum Radial Runout Precision Bearing Class
Bearin Bore
Typegt Over Incl. c B A AA
mm mm mm mm mm mm
in. in. in. in. in. in.
10.000 18.000 0.00# 0.003 0.002 0.001
0.3937 0.7087 — ‘ 0.0001 0.00008 0.00004
18.000 30.000 0.00# 0.003 0.002 0.001
0.7087 1.1811 0.00bZ 0.0001 0.00008 Fydpeut. Runout is a measure of rotational
30.000 50.000 0.00d 0.003 0.002 o.ocaccuracy expressed by Total Indicator
1.1811 1.9685 0.0002 0.0001 0.00008 Rwaeing (T.1.R.). Total displacement is
50.000 80.000 0.00d 0.004 0.002 O_O(measured by an instrument sensing
1.9685 3.1496 0.0002 0.0002 0.00008 @@iast a moving surface, or moved
80.000 120.000 o.ooé 0.004 0.002 0.00¥ith respect to a xed surface. A radial
3.1496 4.7244 o.oobz 0.0002 0.00008 dgussedt measurement includes both
120.000 150.000 0.007 0.004 0.002 o.069undness errors and the centering
4.7244 5.9055 0.00b3 0.0002 0.00008 ©svanpf the surface that the instrument
150.000 180.000 0.008 0.004 0.002 o.obead senses against.
5.9055 7.0866 0.00b3 0.0002 0.00008 0.00004
180.000 250.000 0.0l¢ 0.005 0.002 0.001
7.0866 9.8425 0.00b4 0.0002 0.00008 0.00004
TS
TSE 250.000 265.000 0.0li 0.005 0.002 0.001
9.8425 10.4331 0.0dO4 0.0002 0.00008 0.00004
265.000 315.000 0.0li 0.005 0.002 0.001
10.4331 12.4016 0.0¢04 0/0002 0.00008 0.00004
315.000 400.000 0.0l# 0.005 -+ -
12.4016 15.7480 0.0¢05 0/0002 — —
400.000 500.000 0.0l$ — — —
15.7480 19.6850 0.0¢07 — — —
500.000 630.000 0.02$ — — -
19.6850 24.8031 0.0¢1O — — —
630.000 800.000 0.03$ — — -
24.8031 31.4961 0.0¢)14 — — —
800.000 1000.000 0.0Sb — - -
31.4961 39.3701 0.0¢20 — — —
1000.000 1200.000 0.0do — — —
39.3701 47.2441 0.0¢24 — — —
1200.000 1600.000 0.08‘0 — — -
47.2441 62.9921 0.0031 L - -

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further
information.
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ENGINEERING
TOLERANCES

METRIC SYSTEM BEARINGS
(TXR PREFIX PARTYS)

TABLE 31.
METRIC BEARING TOLERANCES - OUTER RACE O.D.
Outer Race O.D. Precision Bearing Class
Bearing O.D. S P
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 15.748 0.0000 -0.0016 0.0000 -0.0008
400.000 630.00d 0.000 -0.050 0.000 -0.025
15.7480 24.803h 0.0000 -0/0020 0.0000 -0.0010
630.000 800.00d 0.000 -0.060 - -
24.8031 31.496h 0.0000 -0/0024 - —
800.000 1000.004} 0.000 -0.080 - -
31.4961 39.370h 0.0000 -0/0031 - -
1000.000 1200.00b 0.000 -0.100 - -
39.3701 47.244h 0.0000 -0/0039 - —
1200.000 1600.00b 0.000 -0.120 - -
47.2441 62.992h. 0.0000 -0/0047 - -
1600.000 ZOO0.00b 0.000 -0.140 - -
62.9921 78.740? 0.0000 -0/0055 - -
2000.000 - 0.000 0.14 - -
78.7402 - 0.0000 -0.0055 - -
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ENGINEERING
TOLERANCES

TABLE 32.
METRIC BEARING TOLERANCES - INNER RACE BORE

Inner Race Bore Precision Bearing Class
Bearing Bore S P
Types 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 12.401¢ 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 -0.14 - -
78.7402 — 0.0000 -0.0055 - —
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ENGINEERING
TOLERANCES

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
Typesh) 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 76.20q +0.013 0.000 +0.013 0.000 +0.008 0.000 +0.008 0.000
0.0000 3.000‘0 +0.0005 0.,0000 +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000
76.200 304'80P +0.013 0.000 +0.013 0.000 +0.008 0.000 +0.008 0.000
3.0000 lZ.OOPO +0.0005 0.0000 +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000
TTSSF 304.800 609.6qo +0.025 0.000 - - - - - -
TSk 12.0000 24.00’00 +0.0010 .0000 - - — - - —
TDI
TDIT | 609.600 914.4qo +0.038  0.000 - - - - - -
iﬁi’ 24.0000 36.00‘00 +0.0015 .0000 - - - - - -
914.400 1219.2P0 +0.051 0.000 - — — — — —
36.0000 48.0(%00 +0.0020 .0000 - - — - — -
1219.200 ‘ +0.076 0.000 — — — E — —
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
Typesh 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 +0.013 0.000 +0.013 .000 +0.008 0.000 +0.008 0.000
0.0000 12.0000 +0.0005 0.0000 +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000
TS 304.800 609.600 +0.025 0.000 +0.013 0.000 +0.008 0.000 +0.008 0.000
$§E 12.0000 24.0000 +0.0010 .0000 +0.0005 0.0000 +0.0003 0.0000 +0.0003 0.0000
'I-'rDDIIT 609.600 914.400 +0.038 0.000 - - - - - -
TDO 24.0000 36.0000 +0.0015 .0000 — - — - - —
TNA
TNASW_ 914.400 1219.200 +0.051 0.000 - — - - — -
TNASWE 36,0000  48.0000  +0.0020 0.0000 - - - - - -
1219.200 +0.076 0.000 — - - - — -
48.0000 +0.0030 0.0000 - — — — — —

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.
(@For 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
Typesh) Over  Incl. | Max ‘ Min. ‘ Max ‘ Min. Max.‘ Min.
mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in.
0.000 304.800 +0.051 o.obo +0.051 .000 +0.051
0.0000 12.0000 +0.0020 q.OOOO +0.0020 0.0000 +0.00
304.800 609.600 +0.076 O.¢00 +0.051 0.000 +0.051
TSF 12.0000 24.0000 +0.0030 ¢.0000 +0.0020 0.0000 +0.00
609.600 914.400 +0.102 O.¢00 - - -
24.0000 36.0000 +0.0040 ¢.0000 - - -
914.400 +0.127  0.000 - - - 4
36.0000 +0.0050 0.0bOO - - -
TABLE 36.
INCH SYSTEM BEARINGS - CONE WIDTH
Cone Width Precision Bearing Class
Bearing Bore 3 0 00
Typesh Over Incl. Max. ‘ Min. Max. ‘ Min. Max. ‘ Min.
mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in.
TS
$§E Al'si +0.076 -0.254 +0.076 -0.254 +0.076 -
sizes
TTDD|IT +0.0030  -0.0100  +0.0030  -0.0100  +0.0030
TDO
TABLE 37.
INCH SYSTEM BEARINGS - CUP WIDTH
Cup Width Precision Bearing Class
Bearing Bore 3 0 00
Types Over  Incl. | Max. ‘ Min. Max. ‘ Min. Max. ‘ Min.
mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in.
+0.051 -0.254 +0.051 -0.254 +0.051 -
All types All sizes
+0.0020 -0.0100 +0.0020 -0.0100 +0.0020

TOLERANCES
000
Max\ Min.
mm mm
in. in.
0.000 +0.051 0.00
20 0.0000 +0.0020 0.0000
0.000 +0.051 0.000
20  0.0000  +0.0020  0.0000
000
Max‘ Min.
mm mm
in. in.
0.254 +0.076 -0.254
-0.0100 +0.0030 -0.0100
000
Max\ Min.
mm mm
in. in.
0.254 +0.051 -0.254
-0.0100 +0.0020 -0.0100

(INot all types and sizes are listed in this catalog. Contact your Timken representative for further information.

TIMKE? FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONSTCATALOG



ENGINEERING

TOLERANCES
Cone Stand
Bearing Bore
Typesd) Over
mm
in.
0.000
0.0000
101.600
TS 4.0000
TSF
TSL | 266.700
DI 10.5000
TDIT
TDO 304.800
12.0000
406.400
16.0000
Cup Stand
Bearing Bore
Types?) Over
mm
in.
0.000
0.0000
101.600
TS 4.0000
TSR 266.700
TSL
TDI 10.5000
ToIT 304.800
12.0000
406.400
16.0000

TABLE 38.
3 0
Incl. | Max. | Min. Max.
mm mm ‘ mm mm ‘
in. in. in. in.
101.600 +0.102 -0.102
4.0000 +0.0040 -0.0040
266.700 +0.102 -0.102 @
10.5000 +0.0040 -0.0040
304.800 +0.102 -0.102
12.0000 +0.0040 -0.0040
406.400 +0.102 -0.102 -
16.0000 +0.0040 -0.0040
@ @ B
TABLE 39.
3 0
Incl. | Max. ‘ Min. Max. ‘
mm mm ‘ mm mm ‘
in. in. in. in.
101.600 +0.102 -0.102
4.0000 +0.0040 -0.0040
266.700 +0.102 -0.102 @
10.5000 +0.0040 -0.0040
304.800 +0.102 -0.102
12.0000 +0.0040 -0.0040
406.400 +0.102 -0.102 -
16.0000 +0.0040 -0.0040
@ @ -

INCH SYSTEM BEARINGS - CONE STAND

Precision Bearing Class

@)

00

Max.‘
mm
in.

@)

INCH SYSTEM BEARINGS - CUP STAND

Precision Bearing Class

00
Max. ‘
mm \
n.

Min.

mm
n.

@

Min.

mm
in.

()

000

Max‘
mm ‘ mm

in. in.

000
Max\
mm
in.

mm
in.

(INot all types and sizes are listed in this catalog. Please contact your Timken representative for further information.
(@These sizes manufactured as matched assemblies only.
(3stand for anged cup is measured from ange backface (seating face).
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Min.

Min.

Cone Stand. Cone stand is
a measure of the variation
in cone raceway size, taper
and roller diameter. This
is checked by measuring
the axial location of the
reference surface of a
master cup or other type
gage with respect to the
reference cone face.

Cup Stand. Cup stand is a
measure of the variation in
cup I.D. size and taper. This
is checked by measuring
the axial location of the
reference surface of a
master plug or other type
gage with respect to the
reference face of the cup.



ENGINEERING

TOLERANCES
TABLE 40.
INCH SYSTEM BEARINGS - OVERALL BEARING WIDTH
Overall Bearing Width Bearing Class
Bearing Bore O.D. 3 0 00 000
Type$ | Over Incl.| Over Incl Max. | Min. Max. Min. Max. M, Max. Min.
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 -0.0080 +0.0080 -0.0080 +0.0080 -0.0080 +0.0080  -0.0080
101.600 304.800 - - +0.203 -0.203 +0.203 |-0.203 +0.203| -0.203 +0.203  -0.203
4.0000 12.0000 - +  +0.0080 10.0080 +0.0080 -0.0080 +0.0080 -0.0080 +0.0080  -0.0080
TTslSz 304.800 609.600 0.000 508.000 +0.203 |-0.203 - - - - -
TSL | 12.0000 24.0000 0.0000  20.0000 +0.0080 -0.0080 1 - L - - -
304.800 609.600 508.000 +0.381  +0.381 - - - - - -
12.0000  24.0000  20.0000 +0.0150 | -0.0150 - - - - - -
609.600 - - +0.381  -0.381 - - - — - -
24.0000 - - +0.0150  -0/0150 - - - - - -
0.000 127.000 - - +0.254  0.000 - - - - - -
TNA | 00000 5.0000 - - +0.0100  0.0000 - - - - - -
TNASW
TNASWE 127.000 - - +0.762  0.000 - L - - - -
5.0000 - - +0.0300  0.0000 - - - - - -
0.000 101.600 - - +0.406  -0l406  +0.406 |-0.406  +0.406 | -0.406  +0.406  -0.406
0.0000  4.0000 - 4 +0.0160 -0.0160 +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 - L +0.0160 10.0160 +0.0160 -0.0160 +0.0160 -0.0160 +0.0160 -0.0160
TDI | 304.800 609.600 0.000 508.000 +0.406 |-0.406 - - - - -
%IOT 12.0000 24.0000 0.0000  20.0000 +0.0160 -0.0160 + - L - - -
304.800 609.600 508.000 +0.762  +0.762 - - - - - -
12.0000 24.0000  20.0000 +0.0300 | -0.0300 - - - - - -
609.600 - - - +0.762  -0.762 - - - - - -
24.0000 - - - +0.0300  -0/0300 - - - - - -
TABLE 41.
INCH SYSTEM BEARINGS - ASSEMBLED BEARING MAXIMUM RADIAL RUNOUT
Assembled Bearing Maximum Radial Runou Bearing Class
?5&221 Over cup 0.0 Incl. : Y 20 22k
r_nm mm r_nm r_nm mm mm
n. n. n. n. n. n.
0.000 266.700 0.008 0.004 0.002 0.001
0.0000 10.5000 0.0003 0.00015 0.000075 0.000040
'ITSSF 266.700 304.800 0.00% 0.0p4 0.902 0'OmRunout. Runout is a measure of
oL 10.5000 12.0000 0.0003 0.00015 0.000075 0000040 accuracy expressed
1TDD|IT 304.800 609.600 0.01% - - ~ by Total Indicator Reading (T.I.R.).
ﬁg 12.0000 24.0000 0.0007 r - ~ Total displacement is measured
TNASW 609.600 914.400 0.054 - - ~ by an instrument sensing against
TNASWE 24.0000 36.0000 0.0¢20 ‘ - - a moving surface, or moved with
914.400 0.076 - - respect to a xed surface. A radial
36.0000 0.003 - - = runout measurement includes both

roundness errors and the centering
error of the surface that the instrument

(INot all types and sizes are listed in this catalog. Please contact your Timken representative for further information.
(2For bearing type TSF, the tolerance applies to the dimension T

head senses against.
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TABLE 42.

TABLE 43.
INCH SYSTEM BEARINGS - OUTER RACE O.D.

INCH SYSTEM BEARINGS - INNER RACE BORE

Outer Race O.D. 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 .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 .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 .0000 - - 24.0000 36.0000 0.0030 .0000 - -
1219.200 1524.000 0.127 0.000 - - 914.400 1219.200 0.102 0.000 - -
48.0000 60.0000 0.0050 .0000 - - 36.0000 48.0000 0.0040 .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
SYSTEM TOLERANCES

The Annular Bearing Engineers’ Committee has established 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 indicatedPfg&ision ball bearing is best suited for a particular application,
class with the most exacting tolerances. Every ball bearin§ IS important to explore all relevant details of the bearing

manufactured by Timken is made to close tolerances, adhering gharacteristics, tolerances and mounting, as listed in the catalog
the established ABEC standards. data tables. Although cost is another factor, it is not economical

to attempt the use of low-precision bearings on an application

In general, these standargls are equivalent t(_J the compgrapkﬁhere extra-high speeds and ultra-precision bearings are required.
classes of tolerance established by the International Organization

for Standardization, known as ISO PO (ABEC 1), ISO P5 (ABEE’@b‘,en precision bearings are manufactured to close tolerances
ISO P4 (ABEC 7) and ISO P2 (ABEC 9). to help assure consistent performance and interchangeability. To

] ) o take full advantage of this precision product, it is expected that
Timken manufactures a complete line of super precision bag ually close tolerances be used in the production of mounting

bearings made to ABEC 7 (ISO P4) and ABEC 7/9 (ISO P‘Lj r‘m)onents (housings, shafts, spacers, etc.). Therefore, special

tolerances for. t?lp.plications involving high spee@st,reme _ consideration must be given to the particular details relating to
accuracy and rigidity. The range of such equipment includes h'giﬂ'roper shaft and housing ts and the housing design.

grade machine tools, jet engines, computer hardware, robotics and
space exploration 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 (300/7300/1ISO 03), providing a considerable
range in external dimension relationships.

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 Outer ring

0.030 0.00120

0.025 0.00100
E 0020 0.00080 €
£ £
4 3
8 0.015 = 0.00060 o
S 5 _ o s
5] — g 'g @
= | (@]
lg 0.010 o 2 0.00040 2

I
0.005 = 0.00020
0.000! 1 i : ] : : : 0.00000
Bore diameter Radial runout Lateral runout Outer O.D. Radial runout Lateral runout
ABEC 9 (ISO P2) W ABEC 7 (ISO P4) [JABEC 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).

TIMKE? FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONSZATALOG



ENGINEERING
TOLERANCES

OUTER, INNER RINGS ABEC 5, 7, 9 - 1SO 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/MMYV (ISO P4S) levels.

TABLE 44 .
STANDARD ABEC/ISO TOLERANCES - INNER RING
dmp Ves Ka Sa S Width IanSer Rings
Bearing Bore Diametéd) Width Raceway Raceway Face Runout +0.000 mm g
Bore +0.000 mm+0.0000 in. Variation Radial Runout Axial Runout With Bore +0.0000in..
| ABECHSO ABEC/ISO | ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO

Over ‘ Incl. ‘ 5/P5‘ 7/@4‘ 9/P2 5/P5‘ 7/P4+ 9/@# 5/P5 ‘ 7/P4‘ 9//2 5/P5 ‘ 7/P4‘ 9//2 5/P5 ‘ 7/P4‘ 9/f 5/P5, 7/P4, 9/@R
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.

2.500 100 0 -0.005 -0.004 -0.0025 0.005 0.00ZF 0.0015 0.004 0,0025 0.0015 0.007, 0.003 0.0015 0007 0.003 0.0015
0.0984 0.35#37 -0.0002 -0.0002| -0.0001 0.0002 d.OOOl 0.0001 0.0002 0.0001 0.0001 | 0.0003 0.0001 0.00005 0.0003 0.0001 0.0
10.000 18.0¢O -0.005 -0.004 -0.0025 0.005 0.0045 0.0015 0.004 (0.0025 0.0015 0.007 0.003 0.0015 0,007 0.003 0.0015
0.3937 0.7487 -0.0002 -0.0002| -0.0001 0.0002 d.OOOl 0.0001 0.0002 0.0001 0.0001 | 0.0003 0.0001 0.00005 0.0003 0.0001 0.0¢
18.000 30.0¢O -0.006 -0.005 -0.0025 0.005 0.0045 0.0015 0.004 .003 0.0025 0.008 0.004 0.0025 0008 0.004 0.0015
0.7087 l.l#ll -0.0002 -0.0002| -0.0001 0.0002 d.OOOl 0.0001 0.0002 0.0001 0.0001 | 0.0003 0.0002 0.0001 0.0003 0.0002 0.0C
30.000 50.0¢O -0.008 -0.006 -0.0025 0.005 0.00$ 0.0015 0.005 0.004 0.0025 0.008 0.004 0.0025 0.008 0.004 0.0015
1.1811 l.9485 -0.0003 -0.0002| -0.0001 0.0002 d.OOOl 0.0001 0.0002 0.00015 0.0001 | 0.0003 0.0002 0.0001 0.0003 0.0002 0.0¢
50.000 80.0¢0 -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 3.14}96 -0.0004 -0.0003| -0.00015 0.0002 0‘.00015 0.0001 0.0002 0.00015 0.0001| 0.0003 0.0002 0.0001 0.0003 0.0002 0.0
80.000 lZO.qOO -0.010 -0.008 +0.005 0.007 0.0041 0.0025 0.006 0.005 0.0025 0.009/ 0.005 0.0025 0.009 0.005 0.0025
3.1496 4.7444 -0.0004 -0.0003| -0.0002 0.0003 0‘00015 0.0001 0.0002 0.0002 0.0001 | 0.00035 0.0002 00001 0.00035 0.0002 0.(
120.000 l50.d00 -0.013 -0.010 |-0.007 0.008 0.00#5 0.0025 0.008 .006 0.0025 0.010, 0.007 0.0025 0i010 0.006 0.0025
4.7244 5.9455 -0.0005 -0.0004| -0.0003 0.0003 4.0002 0.0001 0.0003 0.00025 0.0001 | 0.0004 0.0003 0.,0001 0.0004 0.00025 0.0
150.000 180.(#00 -0.013 -0.010 |-0.007 0.008 0.00#S 0.004 0.008 0.006 0.005 0.010/ 0.007 0.005 0.010 0.006 0.004 -
5.9055 7.0466 -0.0005 -0.0004| -0.0003 0.0003 q.OOOZ 0.00015 0.0003 0.00025 0.0002| 0.0004 0.0003 0,0002 0.0004 0.00025 0.0
180.000 250.(#00 -0.015 -0.012 |-0.008 0.010 0.00*3 0.005 0.010 0.008 0.005 0.013| 0.008 0.@DGO5 0.@DG11 -0.300

7.0866 9.84’25 -0.0006 -0.0004| -0.0003 0.0004 0‘00025 0.0002 0.0004 0.0003 0.0002 | 0.0005 0.0003 0.‘0002 0.00045 0.0003 0.0

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

: " ) Omin + Gnax
(Lyymin (the smallest single diameter of a baggldlgmax(the largest single diameter of a baigay fall outside limits shown.” 5~ must be within bore diameter tabulated.

(2MM/MMYV (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,
Agmprefers 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

Si  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

Ags  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/ISO Timken
in the tables below. To allow for the preload grinding on bearing ~ Over Incl. Max. Min. Max. Min.
for various preloads, the total width tolerances of duplex setsar " mn mn mn mn i
as shown in the table to the right. The total width tolerance is 0.000 80.000 0.000 -0.500 0.000 -0.250
proportional to the number of bearings. Note the Timken values 2:90% 3.1496 0.0000 -0.0196 0.0000 -0.0100
X ) . ) 80.000 180.000 0.000 -0.76 0.000 -0.250
are signi cantly tighter than ABMA/ISO requirements. 3.1496 7.0866 0.0000 -0.0300 0.0000 -0.0100
180.000 250.000 0.000 -1.000 0.000 -0.250
7.0866 9.8425 0.0000 -0.0394 0.0000 -0.0100

TABLE 46.
STANDARD ABEC/ISO TOLERANCES — OUTER RING

pmp Ves Kea Sea So Width Oﬁier Rings
Bearing Outside Diameté& Width Raceway Raceway Face Runout +0.000 m 9
o.D. +0.000 mp#0.0000 in. Variation Radial Runout Axial Runout With O.D. +0.0000 irr?
ABEC/ISO ABEC/ISO ‘ ABEC/ISO ABEC/ISO ABEC/ISO ABEC/ISO
Over ‘ Incl.  5/P5 7/ 9/P2  5/P5 7/P+ 9,(37# 5IR5 7/P4‘ 9/ 5/P5 7/P4 9/ 5/P5 ‘ 7/P4  9/F 5/P5, 7/P4, 9/Pp
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.

6.000| 18000 -0.005 -0,004 -0.0025 | 0.005 0.0025 0.0015 0.005 0.003 0.0015 0.008| 0.005 00015 0008 0004 0.0015
0.2362 07087 -00002 {0.00015 -0.0001 0.0002 0.0001 |0.00005 0.0002 00001 0.00005 00003 00002 0,00005 0.0003 0.00015 O.
18.000 30.000 -0.006 -0.005 10.004 | 0.005| 0.0025 0.0015 0.006 0.004 0.0025| 0.008 0005 00025 0008 0.004 0.0015
0.7087 11811 -0.00025 |0.0002 -0.00015 0.0002 0.0001 | 0.00005 0.00025 0/00015 |0.0001 0.0003 0.0002 0.0001 0.0003 0.00015 O.
30.000 50.000 -0.007 -0.006 10.004 | 0.005| 00025 00015 0007 0005 00025 0008 0005 00025 0008 0.004 00015
11811 19685 -0,0003 10.0002| -0.00015 0.002 0.0001 |0.00005 0.0003 00002 (0.0001| 0.0008 0.0002 00001 0.0003 0.00015 0.C
50.000 80.000 -0.009 -0.007 10.004 | 0.006| 0.003 00015 0008 0005 0.004 | 0.010| 0005 0004 0008 0004 0.0015
19685 3.1496 -0.00035 -0.0003 -0.00015 0.00025 0.0001 0.00005 0.0003 00002 |0.00015 0.0004 0.0002 0.00015 0.0003 0.00015 O
80.000 120000 -0.010 -0.008 10.005 | 0.008| 0004 00025 0010 0006 (0.005 | 0.011| 0006 0005 0.009 0.005 0.0025
3.1496 4.7244 -00004 0.0003 -0.0002 0.0003 0/00015 | 0.0001 0.0004 0.00025 0.0002| 0.00045 0.00025 0.0002 000035 0.0002 .
120000 150.000 -0.011 -0.009 -0.005 | 0008 0005 00025 0011 0007 |0.005 0013 0007 0005 0010 0.005 0.0025
47244 59055 -0.00045 10.00035 -0.0002 0.0003 0.0002 | 0.0001 0.00045 0,0003 0.0002 00005 0.0003 0.0002 0.0004 0.0002 0.
150.000 180.000 -0.013 -0.010 -0.007 | 0008/ 0005 0.0025 0013 0008 |0.005 0014 0008 0005 0.010 0.005 0.0025
5.0055 7.0866 -0.0005 0.0004| -0.0003 0.0003 0.0002 |0.0001 0.0005 00003 0.0002 |0.00055 0.0003 00002 00004 0.0002 0.0
180.000 250.000 -0.015 -0.011 -0.008 | 0010/ 0007 0004 0015 0010 (0.007 | 0.015| 0010 0007 0011 0007 0004
7.0866 9.8425 -0.0006 -0.00045 -0.0003 0.0004 0.0003 |0.00015 0.0006 00004 (0.0003| 0.0006 0.0004 0,0003 0.00045 0.0003 0.C
250.000 315000 -0.018 -0.013 -0.008 | 0011 0.007 0005 0.01B007.010018 0010 0.007 0.013 0.008 | 0.005

9.8425 124016 -0.0007 |-0.0005 -0.0003 0.00045 0.0003 | 0.0002 0.0007 0.00045 |0.0003| 0.0007 0.004 0.0003 0.0005 0.0003 0.
315.000 400000 -0.020 -0.015 0010 | 0013 0008 0007 0020 0.013 |0.008 | 0.020 0.013 0008 0013 0010 0.007
12.4016 157480 -0.0008 |-0.0006 -0.0004 0.0005 0.0003 | 0.0003 0.0008 00005 0.0003 0.0008 0.0005 0/0003 0.0005 0.0004 0.C

o

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

(UDpyin (the smallest single diameter of an OgHld [hax (the largest single diameter of an Oydy fall outside limits showg.“'"zﬂ 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 Radial runout of assembled bearing outer ring, e.g., radial
runout of raceway

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 NON-FERROUS HOUSINGS
GENERAL GUIDELINES FOR Care should be taken when pressing cups into aluminum or
TAPERED ROLLER BEARINGS magnesium housings to avoid metal pick up. This may result in

unsatisfactory ts, backing, and alignment from debris trapped
. S ) . ) . Bfetween the cup and backing shoulder. Preferably, the cup should
achieved during installation (or during running when using $e frozen or the housing heated, or both, during assembly. Also, a

Hydra-Rib), irrespective of the inner and outer ring ts on Sha@pecial lubricant may be used to ease assembly. In some cases,
and housing. This allows the use of the widest possible machiniqgJIOS are mounted in steel inserts which are attached to the

tolerances for shaft and housing and the use of the best pOSSibEﬂuminum or magnesium housings. Table ts may then be used
ts for the inner and outer rings to match the duty of the bearingWhere the cup is tted directly into an aluminum housing, it is

The tting practice will depend upon the following parameters: suggested that a minimum tight t of 1.0 m per mm (0.0010 in. per

Precision class of the bearing. in.) of cup outside diameter be used. For a magnesium housing, a
minimum tight t of 1.5 m per mm (0.0015 in. per in.) of cup outside
diameter is suggested.

The design of a tapered roller bearing permits the setting to

Type of layout.

Type and direction of loads.

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 shait 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 c application.

72 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



ENGINEERING
FITTING PRACTICES

PRECISION CLASS TAPERED ROLLEFSQUGGESTED FITTING GUIDELINES FOR FERRO
BEARINGS

SHAFT AND HOUSING
HYDRA-RIB
. ) ) ) For heavy loads, high speed or shock, contact your Timken
The Hydra-Rib cup is deggned to be mounted either as a angefgpresentative for further information.
cup 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 ] Bearing Shaft g
Over ‘ Incl. Bore Tolerance e O.D. Deviation RESUIETE ) Bore TOIeranc% ezl O.D. Deviation ReSTEIRE
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
LY SOLY 0.000 +0.002 0.002T 0.000 \ +0.002 0.002T
11811 1.9685 -0.0004 +0.0005 0.0009T -0.0¢O3 +0.0005 0.0008T
0.0000 +0.0001 0.0001T 0.0dOO +0/0001 0.0001T
-0.012 k5 +0.015 0.027T -0.009 \ k5 +0.015 0.024T
S0y EOLY 0.000 +0.002 0.002T 0.000 \ +0.002 0.002T
| -0.0005 +0.0006 0.0011T -0.0¢O4 +0.0006 0.0010T
i SRl 0.0000 +0.0001 0.0001T 0.0dOO +0/0001 0.0001T
-0.015 k5 +0.018 0.033T -0.010 \ k5 +0.018 0.028T
EUILY CADIY 0.000 +0.003 0.003T 0.000 \ +0.003 0.003T
-0.0006 +0.0007 0.0013T —0.0¢04 +0.0007 0.0011T
GRS 47244 0.0000 +0.0001 0.0001T 0.0d00 +0/0001 0.0001T
-0.018 k5 +0.021 0.039T -0.013 \ k5 +0.021 0.034T
IEORIEY DY 0.000 +0.003 0.003T 0.000 \ +0.003 0.003T
-0.0007 +0.0008 0.0015 —0.0¢05 +0.0008 0.0013T
Gk sy 0.0000 +0.0001 0.0001T 0.0dOO +0/0001 0.0001T
-0.022 k5 +0.024 0.046T -0.015 \ k5 +0.024 0.039T
LRI ALY 0.000 +0.004 0.004T 0.000 \ +0.004 0.004T
7.0866 0.8425 -0.0009 +0.0010 0.00181 —0.0d)OG +0.0010 0.0016T
0.0000 +0.0002 0.0002T 0.0dOO +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 Beari : : :
earing Housing " Bearing Housing n
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
LR 120.00 -0.013 -0.008 0.005L -0.010 -0.008 0.002L
0.0000 -0.0009 0.0009 0.000 0 -0.0009 0.0009T
3.1496 4.7244 -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
120.000 150.00p -0.015 -0.009 0.006L -0.011 -0.009 0.002L
| 0.0000 -0.0011 0.0011 0.0000 -0/0011 0.0011T
([
4.1244 59055 -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
150.000 180.00p -0.018 -0.010 0.009L -0.013 -0.009 0.004L
0.0000 -0.0011 0.0011 0.0000 -0/0012 0.0011T
5.9055 7.0866 -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
180.000 250.000 -0.020 -0.011 0.009L -0.015 -0.011 0.004L
| 0.0000 -0.0012 0.0012 0.0000 -0/0012 0.0012T
E
7.0866 9.842 -0.0008 -0.0004 0.0004L -0.0006 -0,0004 0.0002L
0.000 M5 -0.036 0.036T - - - -
250000 EEUL Y -0.025 -0.013 0.012L - — - -
0.0000 -0.0014 0.00141 - - - -
R HOCEER -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 Housing Housing
Over Incl. Symbol Bore Re?:lftltant Symbol Bore Re?:LthItant Symbol Bore Re?:tftltant
Deviation Deviation Deviation
n. n. n. n. n. n. n. n. n.
0.000 N5 -0.021 0.021T| G5 +0.007 0.007L| K5 -0.008 0.008T
18.000 30.00( 0.008 0.012 0.004T 0.016 0 0P4L 001 0.009L
-0. -0. . +0. . +0. .
0.0000 -0.0008 0.0008T +0.0003 0.0003L -0.0003 0.0003T
07087 |  1.1811
-0.0003 -0.0004 0.0002T +0,0006 0.0009L +0.00004 0.0004L
0.000 N5 -0.024 00247 G5 +0.009 0.009L | K5 -0.009 0.009T
80.0001 50000 ) hog 0.013 0.004T 0.020 0.020L ).002 0.011L
-0. -0. . +0.02 . +0. .
0.0000 -0.000¢ 0.0009T +0,00035 0.0004L -0.0004 0.00031
11811  1.9685
-0.0004 -0.0005 0.0002T +0.0008 0.0011L +0.0001 0.0004L
0.000 N5 -0.028 0.028T G5 +0.010 0010L| K5 -0.010 0.010T
20000 80.000 o1 0.015 0.004T 0.023 0.084L ).003 0.014L
-0. -0. . +0.02 . +0. .
0.0000 -0.0011 0.0011T +0.0004 0.0004L -0.0004 0.0004T
1.9685  3.1496
-0.00045 -0.0006 0.0002T +0.0009 0.0013L +0.0001 0.0006L
0.000 N5 -0.033 0.033T G5 +0.012 0012L| K5 -0.013 0.013T
80.000 1 120000 1o 0.018 0.005T 0.027 0.040L ).002 0.015L
-0. -0. . +0.02 . +0. .
0.0000 -0.0013 0.0013T +0.0005 0.0008L -0.0005 0.0005T
31496 4.7244
-0.0005 -0.0007 0.0002T +0,0011 0.0016L +0.0001 0.0006L
0.000 N5 -0.039 0.039T G5 +0.014 0014L| K5 -0.015 0.015T
1200001 150.000 ) 1o 0.021 0.006T 0.082 0.047L ).003 0.018L
-0. -0. . +0. . +0. .
0.0000 -0.0015 0.0015T +0.0006 0.0006L -0.0006 0.0006T
47244 59055
-0.0006 -0.0008 0.0002T +0.0013 0.0010L +0.0001 0.0007L
0.000 N5 -0.039 0.039T G5 +0.014 0014L| K5 -0.015 0.015T
150.000  180.000 0.018 0.021 0 003T 0.082 0 OFOL 0.003 0.021L
-0. -0. . +0. . +0. .
0.0000 -0.0015 0.0015T +0.0006 0.0006L -0.0006 0.0006T
59055 7.0866
-0.0007 -0.0008 0.0001T +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
180.0001 250000 0.025 0.005T 0.085 0.055L ).002 0.027L
-0. -0. . +0. . +0. .
0.0000 -0.0018 0.0018T +0.0006 0.0006L -0.0007 0.0007T
7.0866  9.8425
-0.0008 -0.001 0.0002T +0.0014 0.0022L +0.0001 0.0011L
0.000 N5 -0.050 0.050T G5 +0.017 0017L| K5 -0.020 0.020T
250000 315000 ) s 0.027 0.002T 0.040 0.065L ).003 0.028L
-0. -0. . +0. . +0. .
0.0000 -0.002( 0.0020T +0,0007 0.0007L -0.0008 0.0008T
9.8425  12.4016
-0.0010 -0.0011 0.0001T +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
FITTING PRACTICES

TABLE 50.
HOUSING BORE METRIC BEARINGS (ISO AND J PREFIX) - CLASS B
Bearing O.D. Class B
Range Tolerance Non-Adjustable Or In Carrier Floating Adjustable
Housing n Housing
Over Incl. Symbol | Bore |Resultant Fit ~Symbol H0USINg Bore Resultant | o ) Bore Resultant
e Deviation Fit e Fit
Deviation Deviation
mm mm mm mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in.
0.000 M5 -0.014 0.014T G5 +0.007 0.007L K5 -0.008 0.008T
18.000 30.000
-0.006 -0.005 0.001L +0.016 0.022L +0.001 0.007L
0.0000 -0.0006 0.0006T +0.0003 0.0003L -0.0003 0.0003T
0.7087 1.1811
0.0002 -0.0002 0.00004L +0.0006 0.0009L +0.00004 0.0003l
0.000 M5 -0.016 0.016T G5 +0.009 0.009L K5 -0.009 0.009T
30.000 50.000
-0.007 -0.005 0.002L +0.020 0.027L +0.002 0.009L
0.0000 -0.0006 0.0006T +0.0004 0.0004L -0.0004 0.0004T
1.1811 1.9685
-0.0003 -0.0002 0.0001L +0.0008 0.0011L +0.0001 0.0004L
0.000 M5 -0.019 0.019T G5 +0.010 0.010L K5 -0.010 0.010T
50.000 80.000
-0.009 -0.006 0.003L +0.023 0.032L +0.003 0.012L
0.000 -0.0008 0.0008T +0/0004 .0004L -0.0004 0.0004T
1.9685 3.1496
-0.0004 -0.0002 0.0001L +0.0009 0.0013L +0.0001 0.0005L
0.000 M5 -0.023 0.023T G5 +0.012 0.012L K5 -0.013 0.013T
80.000 120.000
-0.010 -0.008 0.002L +0.027 0.037L +0.002 0.012L
0.000 0.0009 0.0009T +0.0005 0.0004L -0.0005 0.0005T
3.1496 4.7244
-0.0004 0.0003 0.0001L +0.0011 0.0015L +0.0001 0.0005L
0.000 M5 -0.027 0.027T G5 +0.014 0.014L K5 -0.015 0.015T
120.000 150.000
-0.011 -0.009 0.002L +0.032 0.043L +0.003 0.012L
0.000 -0.0011 0.0011T +0/0006 .0006L -0.0006 0.0006T
4.7244 5.9055
-0.0004 -0.0004 0.0001L +0.0013 0.0017L +0.0001 0.0005L
0.000 M5 -0.027 0.027T G5 +0.014 0.014L K5 -0.015 0.015T
150.000 180.000
-0.013 -0.009 0.004L +0.032 0.045L +0.003 0.016L
0.000 -0.0011 0.0011T +0/0006 .0006L -0.0006 0.0006T
5.9055 7.0866
-0.0005 -0.0004 0.0002L +0.0013 0.0018L +0.0001 0.0006L
0.000 M5 -0.031 0.031T G5 +0.015 0.015L K5 -0.018 0.018T
180.000 250.000
-0.015 -0.011 0.004L +0.035 0.050L +0.002 0.017L
0.000 -0.0012 0.0012T +0/0006 .0006L -0.0007 0.0007T
7.0866 9.8425
0.0006 -0.0004 0.0002L +0.0014 0.0020L +0.0001 0.0007L
0.000 M5 -0.036 0.036T G5 +0.017 0.017L K5 -0.020 0.020T
250.000 315.000
-0.018 -0.013 0.005L +0.040 0.058L +0.003 0.021L
0.000 -0.0014 0.0014T +0/0007 .0007L -0.0008 0.0008T
9.8425 12.4016
-0.0007 -0.0005 0.0002L +0.0016 0.0023L +0.0001 0.0008L

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

mm
n.
+0.013
0.000
+0.0005
0.0000
+0.013
0.000
+0.0005
0.0000
+0.025
0.000
+0.0010
0.0000
+0.038
0.000
+0.0015

Bearing O.D.
Range
Over Incl.
mm mm
in. in.
- 152.400
- 6.0000
152.400 304.800
6.0000 12.0000
304.800 609.600
12.0000 24.0000
609.600 914.400
24.0000 36.0000

0.0000

TABLE 51.
HOUSING BORE INCH BEARINGS (ISO AND J PREFIX) - CLASS 3 AND 0

Non-Adjustable Or In Carrier

Housing
Bore Deviation

mm
n.
-0.013
0.000
-0.0005
0.0000
-0.025
0.000
-0.0010
0.0000
-0.025
0.000
-0.0010
0.0000
-0.038
0.000
-0.0015
0.0000

(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

Resqltant
Fit
mm
in.
0.026T
0.000
0.0010T]|
0.0000
0.038T
0.000
0.0015T]|
0.0000
0.050T
0.000
0.0020T]|
0.0000
0.076T
0.000
0.0030T]

0.0000

Class 3 and®
Floating
Housing ‘ Resqltant Housing _
Bore Deviation Fit Bore Deviation
mm mm mm
in. in. in.
+0.025 0.0124 0.00
+0.038 0.038L +0.01
+0.0010 0.0005L
+0.0015 0.0015L +
+0.025 0.0124 0.00
+0.038 0.038L +0.02
+0.0010 0.0005L
+0.0015 0.0015L +
+0.038 0.0134 0.00!
+0.064 0.064L +0.02
+0.0015 0.0005L
+0.0025 0.0025L +
+0.051 0.0134 ,000
+0.089 0.089L +0.03
+0.0020 0.0005L
+0.0035 0.0035L +
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Adjustable
Resqltant
Fit
mm
in.
0 0.013T
3 0.013L
0.000 0.0005T
.0005 0.0005L
0 0.013T
5 0.025L
.0000 0.0005T
.0010 0.0010L
0 0.025T
5 0.025L
.0000 0.0010T
.0010 0.0010L
0 0.038T
8 0.038L
.0000 0.0015T
.0015 0.0015L




ENGINEERING
FITTING PRACTICES

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 +0.00( 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 0.007U 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 .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
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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

120.00

4.7244

D

180.000

7.0866

250.000

9.8425

315.000

12.401

o

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

78 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG

Bearing Bore
Tolerance

mm
n.
-0.005
0.000
-0.0
0.0
-0.006
0.000
-0.0
0.00
-0.008
0.000
-0.0
0.00
-0.009
0.000
-0.0
0.00
-0.010
0.000
-0.0
0.00
-0.013
0.000
-0.0
0.00
-0.015
0.000
-0.0
0.00
-0.015
0.000
-0.0

Symbol

k5

02
000
k5

02
00
k5

03
00
k5

04
00
k5

04
00
k5

05
00
k5

06
00

k5

06

0.0000

Class B
Shaft O.D. Resultant
Deviation Fit
mm mm
in. in.
+0.009 0.014T
+0.001 0.001T
+0.0004 0.0006T
+0.00004 0.00004T
+0.011 0.017T
+0.002 0.002T
+0.0004 0.0007T
+0,0001 0.0001T
+0.013 0.021T
+0.002 0.002T
+0.0005 0.0008T
+0,0001 0.0001T
+0.015 0.024T
+0.002 0.002T
+0.0006 0.0009T
+0,0001 0.0001T
+0.018 0.028T
+0.003 0.003T
+0.0007 0.0011T
+0,0001 0.0001T
+0.021 0.034T
+0.003 0.003T
+0.0008 0.0013T
+0,0001 0.0001T
+0.024 0.039T
+0.004 0.004T
+0.0009 0.0015T
+0,0002 0.0002T
+0.027 0.042T
+0.004 0.004T
+0.0011 0.0017T
+0,0002 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
L LT [P Symbol Shaft 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 Antho Class 00 And 000
Range Bearing Bore Shaft O.D. Resultant B%lrér;g n?:zre Shatft 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
DI 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

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

Deviation from nominal (maximum) bearing bore and resultant
T= Tight
L = Loose

—
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ENGINEERING
FITTING PRACTICES

PRECISION CLASS TAPERED ROLLER
BEARINGS SUGGESTED FITTING GUIDELINES FOR
TR FERROUS SHAFT AND HOUSING

For heavy loads, high speed or shock, contact your Timken
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 0.0006T 0.0002T
50.000 80.000! 0.025T 0.010T 0.017T 0.004T
1.9685 3.149¢ 0.0010T 0.0004T 0.0007T 0.0002T
80.000 120.00¢ 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 7.086¢€ 0.0021T 0.0011T 0.000YT 0.0002T
180.000 250.000 0.060T 0.030T 0.020T 0.004T
7.0866 9.842% 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
315.000 400.00@ 0.077T 0.037T 0.024T 0.004T
12.4016 15.74$0 0.0030T 0.0015T 0.0009T 0.0002T
400.000 | 500.000 0.085T 0.040T 0.030T 0.004T
15.7480 19.68$0 0.0034T 0.0016T 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 P
Range Max. Min. Max. Min.
Over Incl.
mm mm mm mm mm mm
n. in. in. in. in. in.
- 50.000 0.020T 0.007T 0.014T 0.004T
- 1.9685 0.0008T 0.0003T 0.0006T 0.0002T
50.000 80.000 0.025T 0.010T 0.017T 0.004T
1.9685 3.149 0.0010T 0.0004T 0.0007T 0.0002T
80.000 120.00C 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 7.086 0.0021T 0.0011T 0.0007T 0.0002T
180.000 250.000 0.060T 0.030T 0.020T 0.004T
7.0866 9.842% 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 0.0016T 0.0012T 0.0002T
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
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SHAFT O.D. INCH BEARINGS - CLASS 3+ CLASS 0

Max.

mm
n.

Class 0

0.020T
0.0008
0.037T
0.001

T

5T

Class 0

Max.

mm
in.
0.020T

0.0008T

0.037T

0.0015T

TABLE 59.
Bearing Bore Class 3
Range .
Over Incl. Max. Min.
mm mm mm mm
in. in. in. in.
- 304.800 0.037T 0.013T
- 12.0000 0.0015T 0.0005T
304.800 609.600 0.077T 0.025T
12.0000 24.0000 0.0030T 0.0010T
609.600 914.400 0.114T 0.037T
24.0000 36.0000 0.0045T 0.0015T
914.400 1219.200 0.152T 0.051T
36.0000 48.0000 0.0060T 0.0020T,
1219.200 - 0.191T 0.064T
48.0000 - 0.0075T 0.0025T
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose
TABLE 60.
HOUSING BORE INCH BEARINGS - CLASS 3+ CLASS 0
Bearing O.D. Class 3
Range Max. Min.
Over Incl.
mm mm mm mm
in. in. in. in.
- 304.800 0.037T 0.013T
- 12.0000 0.0015T 0.0005T
304.800 609.600 0.077T 0.025T
12.0000 24.0000 0.0030T 0.0010T
609.600 914.400 0.114T 0.037T
24.0000 36.0000 0.0045T 0.0015T]
914.400 1219.200 0.152T 0.051T
36.0000 48.0000 0.0060T 0.0020T
1219.200 - 0.191T 0.064T
48.0000 - 0.0075T 0.0025T
Deviation from nominal (maximum) bearing bore and resultant t.
T= Tight
L = Loose

Min.

mm
n.

Min.

mm
n.

0.007T
0.0003T
0.013T
0.0005T

0.007T
0.0003T
0.013T
0.0005T

ENGINEERING
FITTING PRACTICES
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ENGINEERING

SHAFT AND HOUSING CONSIDERATIONS

SHAFT AND HOUSING
CONSIDERATIONS SURFACE FINISHES — PRECISION BEARINGS

TAPERED ROLLER BEARINGS Precision class bearings should be mounted on shafts and in

housings that are nished to at least the same precision limits as
In general, machining bearing seats and shoulders in spindles anfle bearing bore or outside diameter.

housings requires careful consideration of the following form ang . . . .
. . e L urthermore, high-quality surface nishes togethethvelose
orientation characteristics. The rst four characteristics apply to - . .
machining tolerances of bearing seats also must be provided. The

the seats of bearing rings. following tabulations give some guidelines for all these criteria.
Circularity (roundness) of each seat at every cross section.

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

- . . . - TABLE 61.
Coaxiality of the inner ring seats on the spindle and coaxiality SUGGESTED TAPERED ROLLER BEARING SHAET
of the outer ring seats in the housing. Coaxiality includes AND HOUSING FINISHES
offset misalignment and angular misalignment between
seats. Bearing Class
Angularity of each bearing ring seat. This is a consideration All Sizes C B A AA
when an inner ring seat is tapered. 3 0 00 000
pm pm pm pm
Hin uin Hin Hin
The following two characteristics apply to the shoulders Shaft - Ra 0.8 0.6 0.4 0.2
corresponding to each bearing seat. 32 24 16 8
Perpendicularity(squareness) of each shoulder to its
corresponding bearing seat, or as a more practical measure, ~ Housing-Ra 1.6 08 0.6 0.4
perpendicularity of each shoulder to the spindle or housing 63 32 24 16

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 bearing.
In general, these tolerances should be no greater than the total
indicator reading (T.l.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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ENGINEERING

SHAFT AND HOUSING CONSIDERATIONS

BALL BEARINGS
SHAET FITS HOUSING FITS

The main purpose of the shaft tis to assure a proper attachmerLf'tnder normal conditions of rotating shaft, the outer ring is

of the inner ring to the shaft. Under normal conditions of Sha%atlgnary and should be mounted with ? hand push to a light
tapping t. Should the housing be the rotating member, the same

rotation, a loosely tted inner ring will creep on the shaft, leadin?undamental considerations apply in mounting the outer ring as

to wear and fretting. This condition will be further aggravated by

. . . in the case of an inner ring mounted on a rotating shaft. Contact
increase of load or speed. To prevent creeping or slipping, the

inner ring should be mounted rmly in place and held securel¥ourTimken representative for outer ring rotation requirements.
against the shaft shoulder. However, it is important that the shais a general rule, the minimum housing bore dimension for super

t should not result in any undue tightening of the bearing. Aprecision ball bearings may be established as the same as the
excessive interference t of the bearing bore with the shaft couldnaximum bearing outside diameter. If the bearing O.D. tolerance
result in a proportionate expansion of the bearing inner ring whids 0.008 mm (0.0003 in.), the maximum housing bore should be
could disturb the internal t of the bearing and lead to heating ang@stablished as 0.008 mm (0.0003 in.) larger than the minimum
increased power consumption. housing bore dimensions.

As a general rule, it is suggested that the shaft size and tolerance for
seating super precision ball bearings (ABEC 7/ISO 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, sinct
an excessively tight fit expands the bearing inner ring an
increases the bearing preload, which can lead to overheating
For example, a duplex pair of 2MM9111WI DUL bearings w
16 kg (35 Ibs.) built-in preload, when mounted on a shaft tr fim | WM | WM WMo mme o mme o mme | mm
provides an interference t of 0.010 mm (0.0004 in.), will increas

the preload to approximately 86 kg (180 Ibs.), which could result in -

Outside
Diameter

Resulting

AUEIT UG Mounting Fit

Average Fit

Max Min. Max. Min. | Loose Tigh Loose Loose

000, 89.992 90.007  90.000 .015 0.000 0.006 0.006

elevated operating temperatures. 35433  3.5430 3.5436  3.5433 | 0.0006| 0.0000  0.0003  0.00(
TABLE 62. Tables covering suggested shaft and housing seat dimensions for
SHAFT FIT EXAMPLE: MMV (ABEC 7/1ISO P4) super precision (ABEC 7/ISO P4) ball bearings are shown with part
) ) ) _ . numbers in the product pages.
Bore Size Shaft Diameter Resulting Mounting Fit
Max ‘ Min. Max. ‘ Min. Loose ‘ Tight To accomplish the optimum mounting condition, it |§ |mportant
mm ‘ mm mm ‘ mm mm ‘ mm to follow the tabulated tolerances, except when deviations are
in in. in in in. in. suggested by your Timken representative. It is equally important
55.000 ‘ 54.994 55.00# 54.994 0*}04 0.006 that all shaft and housing shoulders be square and properly relieved
2 1654 ‘ 21651 2_1%54 2 1651 boooz 0.05p Assure 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 CONSIDERATIONS

SHAFT AND HOUSING TOLERANCES
SHAFT GEOMETRY REQUIREMENTS

Description

Roundness
Parallelism
Squareness
Concentricity

Surface Finish

Shaft Journal
Diameter (d)
mm

>

— 10
10 18
18 30
30 50
50 80
80 120
120 180
180 250
250 315

Reference 1SO 286.

L]=]B)
8|

Ra R
4 4
d------t-------""""-"---"--—~ -———-=-=-=]--d
Ol 1]
Ol u] 0|2 u[A]
Fig. 69. Shaft Tolerances.
TABLE 64.
DEFINITION OF TOLERANCE SYMBOLS
Tolerance MV MMV/MM
e Value ABEC 7 (ISOP4) | ABEC 7/9 (ISO P4S
o] t1 IT2 IT1
/! t2 T2 IT1
1 t3 IT2 IT1
o t4 IT3 IT2
Ra 16 (pin.) or
TABLE 65.

ITO

0.6

0.8

1.0

1.0

1.2

15

2.0

3.0

/7|2

SHAFT SURFACE FINISH SPECIFICATIONS

Units — Micrometer (um)

IT1

1.0

12

15

15

2.0

25

35

4.5

6.0

IT2

1.5

2.0

25

25

3.0

4.0

5.0

7.0

8.0

IT3

25

3.0

4.0

4.0

5.0

6.0

8.0

10.0

12.0

Shaft Journal
Diameter (d)
mm

>

— 10
10 18
18 30
30 50
50 80
80 120
120 180
180 250
250 315

ENGINEERING

MMX
ABEC 9 (ISO P2)

ITO
ITO
ITO
IT2

0.4 pm

Units — Microinches (pin.)

ITO IT1
20 40
30 50
40 60
40 60
50 80
60 100
80 140
120 180
— 240
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IT2 IT3
60 100
80 120
100 160
100 160
120 200
160 240
200 310
280 390
310 470



ENGINEERING

HOUSING GEOMETRY REQUIREMENTS

SHAFT AND HOUSING CONSIDERATIONS

Description

Roundness
Parallelism
Squareness
Concentricity

Surface Finish

Housing Journal

Diameter (D)
mm

>

10 18
18 30
30 50
50 80
80 120
120 180
180 250
250 315
315 400

Reference 1ISO 286.

ITO

0.8

1.0

1.0

1.2

15

2.0

3.0

35

4.5

/7 t2

Symbol

11

Ra

Fig. 70. Housing Tolerances.

@)@,

D] A

MMV/MM
ABEC 7/9 (ISO P4S

IT1
IT1
IT1
IT2

or

TABLE 66.
DEFINITION OF TOLERANCE SYMBOLS
Tolerance MV
Value ABEC 7 (ISO P4)
t1 IT2
t2 IT2
t3 IT2
t4 IT3
16 (pin.)
TABLE 67.

HOUSING SURFACE FINISH SPECIFICATIONS

Units — Micrometer (um)

IT1

1.2

15

15

2.0

25

3.5

4.5

6.0

6.0

IT2 IT3

2.0 3.0
25 4.0
25 4.0
3.0 5.0
4.0 6.0
5.0 8.0
7.0 10.0
8.0 12.0
8.0 12.0
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Housing Journal
Diameter (D)

mm
>
10 18
18 30
30 50
50 80
80 120
120 180
180 250
250 315
315 400

MMX
ABEC 9 (ISOP2)

ITO
ITO
ITO
IT2

0.4 ym

Units — Microinches (pin.)

ITO IT1
30 50
40 60
40 60
50 80
60 100
80 140
120 180
140 240
180 240

IT2 IT3
80 120
100 160
100 160
120 200
160 240
200 310
280 390
310 470
310 470



ENGINEERING

MOUNTING DESIGNS

MOUNTING DESIGNS Shaft shoulders and housing shoulders should be square and

Obtaining good spindle accuracy depends not only on selectinge, and should be of such diameters as to meet the suggestions

the proper precision bearings but also on the following factors: shown with the part numbers given. The choice between llets
Good design and machining of the components that and undercut reliefs rests with the individual shaft design and
support the bearing (roundness and alignment of the seats, conditions surrounding its normal use. Suggested housing

housing, and surface nish). _ ) )
Where screws are used to fasten end caps into the main housing,

_ _ adequate section should be left between the screw hole and the
Correct tting practices. housing bore. This is required to prevent distortion of the housing
Appropriate bearing setting. bore when the screws are tightened and the covers or others parts

Correct use of information given on bearings.

Selection of the most appropriate mounting design is Iarger:?fre pulled tightly into place.

dictated by optimizing the stiffness, speedability and ease @frior to assembly, shafts and housings, as well as all dubric

assembly. holes and channels, should be cleaned thoroughly to remove all
chips and particles that may be carried by the lubricant into the
bearings and cause bearing damage.

DESIGN AND ACCURACY OF MOUNTING
SURFACES HOUSING SEALS

The total runout of a spindle-bearing-housing system is a

combination of the runout of each component. A precision bearirfyl@byrinth combination of slinger and end cover provides a highly
will assume the shape of the spindle and perpetuate whatevéffective seal against the intrusion of foreign matter. This seal is
runout is present. If the runout is caused by a defective housing, tegggested for use over a wide range of speeds. For slower-speed
spindle and bearing will simply transmit the error to the workpiecepplications, a combination of slinger and a commercial contact-

Therefore, particular attention needs to be paid to the design angpe seal is usually employed.

accuracy of the mounting surfaces. . . . .
y g Slingers should be machined all over to assure true-running. Their

The primary function of the inner or outer ring seat and abutmegfameters should be concentric with the bore. The outside diameter
is to positively establish the location and alignment of the bearing o slinger is often tapered to throw off cutting compounds

undgr all loading and pperatmg gondltlong. To ach!eve Opt'mu(%)olants, etc., from the point at which such liquids may enter the
bearing performance, it is essential to design housing seats an

abutments that are round and square in alignment with thelepi spindie. A drip or run-off groove adjacent to the open lip of the end

axis. Shoulders must be of suf cient section and design to resisCVer 1S highly desirable and practical.

axial de ection under load. The shoulder diameters should b&he axial clearances of the internal faces between slinger and

respected to help obtain optimum bearing performance. end cover should be about 1.600 mm (0.0629 in.). The rst radial
clearance opening on any design through which liquid may pass
should be made very close, about 0.089 mm (0.0035 in.) on a side. The

HOUSING DESIGN inner radial clearances should be between 0.380 mm (0.0149 in.) and

Housings are usually made of cast iron or steel and are generally1l90 mm (0.0075 in.).

heat-treated to lessen possible distortion. For smaller high-speed

applications, steel housings are preferred.

The bore of the housing should be ground or bored and check9HAFTS

at a number of points throughout its length and diameter to eNSUER _tc are preferably made from hardened and ground steel; and,

that itis round and does not taper. where suitable, a hardness of 45-50 HRC has been successful.
Itis preferable to mount the bearings in one casting; this permi{§hen designing a spindle or shaft, it is highly desirable to plan so
machining the two housing bores in one setting, as well as accurajfgat it can be ground all over in one setting as a nal operation. This

alignment of the bearings. promotes true balance and running accuracy, which are critical in
In many cases of machine design, it is advantageous to employgh-speed applications. Suggested shaft geometry can be found
subhousing or a steel sleeve between the outer ring of the bearigg pages 84 and 85.

and the machine frame, thus allowing assembly of the bearings on

the shaft and insertion of the entire unit into the machine frame.

This method also provides a surface of proper hardness where

machine frames are made of a material that has a low Brihedl va

such as aluminum and other soft metals.
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ENGINEERING

MOUNTING DESIGNS

@ (b) (©

2 space\‘rs
[ i
Fig. 71.

Locking devices. j

| n Lﬁl
2 screws Soft metal shoe Nut loose 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 Locking precision nut
a precision adjusting nut. A locking device must be provided to /
properly maintain the nut after setting: either axially by means of 2

two screws 180 degrees opposite pinching the threads (Fig. 71a), J _E__
or radially by pressure of a screw on a soft metal shoe (Fig. 71b).

For improved accuracy, a ground spacer in conjunction wit one seat /

a square-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 spindle shoulder wil ~——H——L—_J__ R
ensure a perfect positioning of the cone backface. This mounting Spindle shoulder
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 spacers. Note the practicality OE
the above centerline solution, which allows the spacer to both
increase or decrease the initial setting.

Spacer

ig. 72. Using ground spacer and spindle shoulder together with a
recision nut for improved accuracy.

A well-known method of providing good spindle alignment,

roundness and backing squareness is to grind the cone seats Grinding wheel travel

and the backing shoulders during the same operation (Fig. 73). In Grinding
this method, the grinding of the square backing of the adjustingdjusting nut | wheel

nut (if any) also can be achieved by locking the nut on its thread. W . |
This eliminates any possible default of the nut due to internal | !

e
g_l_

Fig. 73. Grinding of cone shaft and backing shoulders.
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ENGINEERING

MOUNTING DESIGNS

TAPERED ROLLER BEARINGS
THREE-SUPPORT MOUNTING

Tapered roller bearings are generally used in two fundamental _ _ _
spindle design con gurations: Fig. 74 shows the “box type” mounting using three bearings. The two

nose bearings are located axially ( xed position) and accept axial
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.

Three-support mountings for heavily loaded or long spindles
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.

Fig. 74. "Box-type” mounting with a TDO at the oating position.
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ENGINEERING

MOUNTING DESIGNS

SIMPLE MOUNTING 1

The evolution of two single-row bearing arrangements fodkgs, 1f
discussed below, is directly related to the speed requirements and, //
consequently, the lubrication modes (see page 41). - /'//

TS and TSF Arrangement : i

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 j@— l/// 9
a simple isostatic design that allows easy machining of adjacent parts. il _q_—@_q_ — j,

The mounting and setting procedures can be achieved without [ /’ ____L_
any speci c tooling. T r/ ——————————

Static s_,tlffness ca.lculatlons of the splndle.-beanng s_ystem allovl\fig. 76. Simple paired TS mounting with oil inlet at the small end of
the optimum bearing spread to be determined precisely for eaghe rollers.

mounting, as a function of the overhung value of the spindle nose.
A good approximation, however, is to consider that the distance

i | S s e

PR p—-u———

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.

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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MOUNTING DESIGNS

Pressure control

. I

il il | S -------‘/l -------- 1

JE N | GRS | IS I# _________
- I

} i
Fig. 78. Two designs of the Hydra-Rib bearing. L___b__a__o i _F
f

4

TS(F) and Hydra-Rib
Fig. 80. Simple mounting with a Hydra-Rib bearing cooled by an
A typical spindle arrangement is the combination of a Hydra-Rilxial oil inlet and a TSMA bearing with oil jets at both ends of the

bearing with a single-row TS bearing (Fig. 79). The Hydra-Rjgllers for inlet and cooling.

bearing is tted at the tail position and the TS bearing at the nose

position of the spindle. The outer ring rib simpli es the lubricatiod XR(DO)

at high speed since the natural ow of the oil under centrifugaly typical mounting arrangement for the type TXRDO crogked ro
effect feeds the oil to the rilh simple axial oil inlet above the bearing is shown in Fig. 81.

cage on the small roller end is therefore suf cient for lubricatin

the Hydra-Rib bearing. gThe arrangement shown is for lubrication by oil circulation in

conjunction with an oil level. It can, however, be designed for
Pressure control grease lubrication with appropriate sealing arrangements.

'/ 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
/’ 3 interference ts (pages 80-81).

// The bearing is adjusted externally by segments beneath the top
it i ettt | Rttty 1 ! 1T inner ring clamping plate (Fig. 82) to get the required preload.

['/’ Ly ] Your Timken representative should be consulted for more details

Iy 1 about the use of crossed roller bearings.

”]%EL I =5 i
] = 1
S — - =
‘ 2
|

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 cooling. | { Eﬂi: Y L
TSMA and Hydra-Rib | " L

Fig. 80 shows the same arrangement with a TSMA bearing. Thls
Fig. 81. Typical mounting arrangement of a TXRDO bearing.
arrangement allows the widest range of operating speeds, under

optimum preload.

DH

DS———

;
|l

Fig. 82. Fitting and setting of TXR bearings.
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MOUNTING DESIGNS

DUPLEX BALL BEARINGS and axial rigidity. Since the face-to-face mounting has inherent
BACK-TO-BACK MOUNTING, DB OR (“O”) disadvantages of low resistance to moment loading and thermal
(CONTACT ANGLES DIVERGING TOWARD S'ﬁllétgb-ﬁity, it should not be considered unless a signi cantly more

CENTERLIN E) convenient method of assembly or disassembly occurs from its use.

Before mounting, there is clearance between the two adjacen-fimke” pairs for face-to-face mounting should be ordered as DU.
inner ring faces. After mounting, these faces are clamped togeth&*@mple: 2MM212WI-DU. Also available as two single ush-ground

to provide an internal preload on each bearing. This arrangemeRg2rings, €.g., -SU (two bearings).
is well-suited for pulleys, sheaves and other applications where

there are overturning loads and also all oating positions wheref ANDEM MOUNTING, DT

thermal expansion of the shaft occurs. It also provides axial and

radial rigidity and equal axial capacity in either direction wher|13efore mounting, the inner ring faces of each bearing are offset

used in a xed location. Back-to-back is the most commonly useféom the outer ring faces. After mounting, when an axial load is

of all duplex arrangements. Timken pairs for back-to-back mountiﬁé’p“ed equal to that of twice the normal preload, the inner and

should be ordered as DU. Example: 2MM207W!I-DU. Also availa‘l?)lljéer fing faces are brought into alignment on both sides. This

as two single ush-ground bearings, e.g., -SU (two bearings). arrangement prowdgs double axial capamty in or_1e dlrfa_ctlon on!y.
More than two bearings can be used in tandem if additional axial

DB o . . . .
4 Marked faces ) capacity is required. Timken pairs for tandem mounting should be
of outer rings @ speci ed as DU. Example: 2MM205W!I-DU. Also available as two
R g together R S single ush-ground bearings, e.g., -SU (two bearings).
DT
Cleatance Inner ring faces
between inner clamped togethe One marked and
ring faces - These inner an one unmarked
outer ring faces 14 outer ring face \
are ush ﬁﬁ together N N
g‘;@ @Id Inner and Under axial
Before Mounting Mounted ~ outer ring faces Img:?#évr?(ljernmt;n

not ush
Fig. 83. Back-to-back bearing assemblies before and after on either side

reload. Inner an®——
outer ring faces|
are ush
on both sides

mounting.

FACE-TO-FACE MOUNTING, DF OR (*X") @@ ’( 7
(CONTACT ANGLES CONVERGING TOWARD

SHAFT CENTERL'NE) Before Mounting Mounted

Before mounting, there is clearance between the two adjacerftig. 85. Tandem bearing assemblies before and after mounting.
outer ring faces. After mounting, these faces are clamped

together between the housing shoulder and cover plate shoulder,
providing an internal preload on each bearing. This arrangemeQTHER MOUNTINGS

provides equal axial capacity in either direction as well as radidlush-ground (DU) pairs may be mounted in combination with a

DF single ush-ground bearing as a “triplex” (TU) set shown below.
,/—Ugf":)%rtkeer?i;zcse?\ Also shown below is a “quadruplex” (QU) set where three bearings
together L . in tandem are mounted back-to-back with a single bearing. These

@‘@ Q arrangements provide high capacity in one direction and also a

positively rigid mounting capable of carrying a moderate amount

Clearance Inner and
between outer ring faces of reverse thrust.
outer ring faces __ | clamped togethe

L These inner and
outer ring faces
not ush

Z, | S Z c
Before Mounting Mounted b@ Q

TU QU
Fig. 84. Face-to-face bearing assemblies before and after mountingFig' 86. Typical triplex and quadruplex bearing mountings.

Faces ush
on both sides
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ENGINEERING

MOUNTING DESIGNS

MOUNTINGS

Mountings having bearings applied in any of the face-to-face (DF)
arrangements are objectionable because they provide the least
rigidity. Furthermore, when the operating speeds are comparativel
high, such mountings may buildup bearing preload excessively|
because of the temperature gradient between the housings, )
bearings and shafts. As this gradient increases, the bearing preloalag' 87. DF Mounting, xed (not suggested).
builds up, starting a detrimental cycle that may lead to premature

spindle damage.

BACK-TO-BACK VERSUS FACE-TO-FACE ‘

4@};3&5

- /
\FACETO-FACE
\ MOUNTING
\ 1

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
mass and their respective abilities to act as heat sinks. Thus,
the shaft and the inner-ring spacer expand at a faster rate than
the housing and the outer-ring spacer. As the shaft expand
longitudinally and the inner-ring spacer lengthens, aalaxi Fig. 88. DB Mounting, xed (suggested).
load builds up on each 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 an excessively high temperature r@:@ Eﬁj ~
the initial bearing temperature is built up considerably. ] \ ] ; CJLI

-l
_'/ BAC K-TO-BACl‘x\
MOUNTING

In a face-to-face mounting, Fig. 87, the shaft expands radially an /’ ‘\ BACFI-VTVS-BA ;’}/< \‘\
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, increasinig'd- 89- DB-DB Mounting, xed (not suggested).
the preload of the bearings. Conversely, in back-to-back mounting,
Fig. 88, the longitudinal expansion of the inner-ring spacer tends

to relieve, rather than build up, the bearing preload. D‘r

————— ]

The two back-to-back pairs, shown in Fig. 89, are mounted so
that the two middle bearings are face-to-face. As previously
observed, temperature differentials cause the @elof these
inner bearings to increase during operation. This mounting

operation is not suggested. In bearing mountings of the system - — V¥ __ AR WV —
seen in Fig. 90, undue axial loads are put on the two outer bearinggy. 90. DF-DF Mounting, xed (not suggested).

as the temperature along the shaft becomes higher than at the

housing. The two inner bearings unload, starting a vicious cycle of
increasing temperature, preload buildup and lubricant breakdown. D‘r

g
z
Im-H
212
5
>
0
m | L
%’ry\

This also is an unacceptable mounting arrangement and is not

suggested. The same bearings are shown correctly mounted in ~
tandem and arranged back-to-back in Fig. 91. Lateral expansio HZ/EZ/%I[ E\I - i' |_
1

of the shaft and inner-ring spacer of such mountings increases \ \

TWO \ \
neither axial loading nor bearing preload. | | TANDEMPARS | |

| | MOUNTED DB \

——— e e e ]

Therefore, to prevent increases in preload due to the thermal ]
expansion, back-to-back mountings are preferred for bearings oﬁ'g' 91. DT-DB Mounting, xed (suggested).
machine tool spindles. When two pairs are used, each pair should
be mounted in tandem, but the combination should be arranged

back-to-back as in Fig. 91.
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ENGINEERING

MOUNTING DESIGNS

SPRING-LOADED MOUNTINGS

For high-speed applications, radial and axial rigidity and smooth
spindle performance may be obtained by spring-loading the ball = =y —_—
bearings with a predetermined axial load. Spring-loading allow:
the spindle to oat laterally during temperature changes without
appreciably increasing or decreasing the original spring axial load.

Correct: high points of runout in line. —

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.

In some applications, single, spring-loaded bearings are | Incorrect: high points of runout not in line.
employed at the front and rear locations, mounted in bablkdk
arrangement. Other mountings, similarly spring-loaded, have a pair
of bearings installed in tandem at each end of the spindle in back-
to-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.

HIGH POINTS OF RUNOUT T correct: bearing having largest runout at rear.

High points of runout in line.
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

ring is aligned with the high point of the nose bearing. Similarly, the

high points of the outer ring are aligned in the housing.

. . L. . . Incorrect: bearing having largest runout at rear.
To obtain maximum precision, and when the high points of runout wigh points of runout not in line.

of both the spindle and the housing are known, the respéutjkie
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. =@ =—/2/{]—___ __ __ __ _

The greatest accuracy can be provided by grinding the spindle
nose 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 in line.

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 o .
way to determine this optimum spread. To de ne the optimum

GUIDELINES spread for thermal compensation or to calculate the effect on
TAPERED ROLLER BEARINGS setting for a given spread in a simple 2TS(F) bearing system, the

. . . . . igner can he formul low for ferr housin n
The optimum operating setting of a bearing system has a dlre%?_S gner 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 i
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:

Fig. 93. Graphical determination of optimum thermal spread.
Rotating speed

Applied loads
Spindle layout

Lubrication system ’z

External sources of heat "Ip Dl
ol 02

This evaluation occurs generally during the testing phase of the ! N
spindle because of the complexity of each individual parameter \
and the interaction of all of them during running conditions. At
the same time, it also is important to consider the bearing Iayoﬁig- 94. Resulting distance between bearing geometric centerlines.
and particularly the bearing spread to evaluate their effect on

bearing setting.

It has been demonstrated that an optimum bearing spread for K Dy Ko D L
stiffness exists. In the same way, an optimum spread for therm5s of end play =128 t xf [— x = 35 =7 ) 03 )

stability can be determined should this be the overriding factor.

Under steady-state temperature conditions, the spindidvansing  Where:

temperature is not uniformly distributed. Generally, a temperature t = temperature difference between shaft /

gradientof 2 Cto 5 C (4 Fto 9 F) exists between the spindle and inner ring rollers and housing /

housing. This phenomenon is valid for any type of bearing and has outerring (& - @) (°C)

a direct in uence on the bearing setting. In the case of pure radial Ky and k = respective K factor of bearings 1 and 2

bearings, such as cylindrical roller bearings, the radial setting from bearing tables

will vary proportionally to the radial temperature gradient withoufy ; and , = respective outer race mean diameter (mm)

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)

Fig. 93 shows a graphical
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ENGINEERING

SETTING AND PRELOADING GUIDELINES

During the starting period, care must be taken because the radiekcessive preload during the transient temperature rise. During
thermal expansion is not immediately compensated by the axitide testing phase, it will be possible to modify this initial end play
expansion of the spindle. That occurs later. During this “transiend obtain the optimum setting for the application.

period,” a decrease of the axial end play or an increase of preload |4_§ _
generally recorded (Fig. 95). The loss of end play can be calculat[(f\.|
by using the same formula, but ignoring the parameter “L.’

95 shows also that a three-support layout is more sensitive to
, hermal effects, leading to a higher temperature rise and loss of
For tné%d play, than a simple arrangement because of the short bearing

reason, it is generally recommended to initially set the bearing&eometric spread at the xed position
with a light, cold end play to avoid any bearing burn-up, due to

Bearing geometric spread Bearing geometric spread

Axial endplay

\\‘\@ |X| :v:

Temperature
Q

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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ENGINEERING

SETTING AND PRELOADING GUIDELINES

BALL BEARINGS

Preloading of precision ball bearings to a predetermined axial load
for “universal” mounting is accomplished by grinding a certain
amount of stock off faces of the inner and outer rings so that before
mounting the bearing, faces on the abutting side are offset an
amount equal to the de ection under “preload.” When mounted,
these faces are clamped together, the opposite bearing faces
become ush and the bearing parts are subjected to compressive
forces, bringing the balls into contact with their respective
raceways to take up the initial clearances of the bearings. Thus,
the preload built into the bearings is automatically obtained. The
condition of a preloaded ball bearing is similar to that of one in
operation under axial load. This initial axial load seovésdrease A No Preload

the axial and radial de ections when subsequent operational loads B Light Preload
are imposed on the bearing assembly. C Medium Preload

Axial Load A

— B

\A
\\

—
—

N\

Increasing Axial De ection

\\JAVA
WAV

|~
L

|\
\

\

Increasing Axial Load

Bearings are preloaded no more than necessary. Excessive preload D Heavy Preload
adds little to the rigidity of the spindle, but appreciably reduces the, . .
. . . . Fllg. 96. Effect of most commonly used preloads on axial de ection.
range of operating speeds by causing bearings to run hot at highe
speeds. To meet conditions of speed, mounting arrangement and
maximum rigidity consistent with low operating terapures,
Timken precision ball bearings are designed and produced with e
preloads varying from light to heavy and, in some instances, with %

negative preload.

\
\\
\
L

In many cases, the amount of bearing preload is a trade-off between
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
temperatures, resulting in shortened bearing life. For these

reasons, three classes of ball bearing preloads are most commonly £ S/
used — light, medium and heavy. In certain applications, such as %
high-speed motorized router spindles, specially preloaded, super
precision ball bearings are required. Such bearings are “zero”

preloaded —that is, the faces of the inner and outer rings are ground
ush under negligible load.

Radial Loag

\ N\

creasing Radial De ection

AT T |~
—

W\
\

/
/
4 L~

Increasing Radial Load
A No Preload
B Light Preload
C Medium Preload
The light, medium and heavy standard preload values for Timken D Heavy Preload
super precision angular contact ball bearings and for both high _
and low contact angles are located with the dimension tables iﬁ?é%éﬁﬁeet of most commonly used preloads on radial
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

The following topics are covered within this section:

Nomenclature. . ... i 98. ..
Introduction. . ... ..
Bearing TYpes. . . ..o 102 .

TS Style—Metric, Inch . .. ........ .. ... ... .. ... ... . ...
TSF Style —Metric, Inch . ............. .. ..............

TXR Style — Metric, Inch. ............ ... ... ... ... 112
TSHR Style — Metric, Inch.......................... 114
Tapered Roller Bearing Bore Diameters

FoundInThisCatalog. .............c.oiviinainn.. 118.

PRECISION TAPERED ROLLER BEARINGS

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
Timken has endeavored to keep things simple when creating be 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 and
(Inner Ring) (Outer Ring) 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 -3 LM 7 229 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.

98 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



PRECISION TAPERED ROLLER BEARINGS

NOMENCLATURE

ROLLER BEARINGS ABMA NUMBERING SYSTEM
(for inch and metric radial bearings)
The Timken bearing part numbering system has evolved over the
years to accommodate various international standards put forth Ex: JLM7(C§§)9 JLM7229 12
by both the ISO and ABMA organizations. To retain the integrity ) . R
of Timken’s proven initial designs and to support its extensive T
customer base, Timken recognizes the key numbering schemes
as they have developed in the tapered roller bearing industry and n:etfircenxominal
as indicated here. EL: Extra light bearings
LL: Lighter than light
L:  Light
ORIGINAL TIMKEN SYSTEM W e
HM: Heavy medium
cone) - (cu
( ) ( p) H: Heavy
Ex: 399A-394A (see common component/suf X) HH: Heavier than hea
EH: Extra heavy
Family-design bearing group around a common roller T ThrustONLY
(quantity and angle CAN vary).
TABLE 68. UNIQUE COMPONENT PART NUMBERS. ) )
Angularity Code Field
CEx | Exl 1| o<ow
2 | 24<255°
Series ‘ 39# 52000 3 255 <27°
Cup \ 399 \ 52618 4| 27 <285
5 | 285<305°
Cone ‘ 394‘ 52387 6 305 <32.5°
7 | 325<36°
Numerical portion of part number has no signi cance in g ig ¥
describing bearing size or type. (excluding pure thrust)
0 (thrust only)
ISO 355 NUMBERING SYSTEM ) .
. . . Series Code Field
(application-oriented)
(Cone bore)
(cone) (cup) over/inl.
in. mm Code
Ex: JP100 -JP100 B <1 <254 0010 19
i 1-2 25.4-50.8 20 to 99;000 to 02
P see common 2-3 50.8-76.2 030 to 129
metric nominal sufx elds 3-4 76.2-101.6 13010 189
bearings 45 101.6-127.0 190 to 239
9 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+pinion 9-10 228.6-254.0 430 to 469
[P]: high speed, machine tool 10-11 254.0-279.4 470 to 509
[SIT]: pinions 11-12 279.4-304.8 510 to 549
[WI: high thrust loading 12-13 304.8-330.2 550 to 570
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
17-18 431.8-457.2 680 to 694
TABLE 69. COMPONENT AND SUFFIX CODES 1819 457 2.482.6 695 t0 709
Component Field (Final Two Digits Of Part Number) 19-20 482.6-508.0 710to 724
20-21 508.0-534.4 725 to 739
Series 00 (indicated by zeroes) Ex: 87000 or 36600 21-22 534.4-558.8 740 to 754
Cups 10 through 19 (thinnest cup section is #10) 22-23 558.8-584.2 755 to 769
Cones 30 through 49 (thinnest cone section is #49) gigg ggg'g:ggg'g ;;g :g ;gg
(Over ow numbers : 20 through 29 as needed; 50 through 99 as needed) 25.30 635:0-762:0 800 to 829
: 30-35 762.0-889.0 830 to 859
Suf x Code Fields (One To Three Letters Max.) 35-40 889.0-1016.0 860 to 879
B: Flanged cup 40-50 1016.0-1270.0 880 to 889
HR(A): HydrE&ésign (modi ed cup from standard) 332755 ifggio(;lBAl.O gggi)otogggg
P(H): Customized for performance (non-interchangeable component) ) i

E: (Exclusive) non-interchangeable component
All components and variations in a given series are interchangeable.
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PRECISION TAPERED ROLLER BEARINGS

NOMENCLATURE

ASSEMBLY CODES
o _ IDENTIFICATION TAGS
Five digit code:

[Assy. No.J+[Timken code]+( st ([aEI;cii”is?L?;rtiﬁgapl)r%%?;on class)] See the following page for a detailed description of the use and
,—' T purpose of component or assembly attached identi cation tags.
Ex: 0@ [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
INSPECTION CODES metric bearings.

Five characters (as 3 elds).
Component: [Precision class]+[Timken code]+[Performance code]

L
SElC 4030 |
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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 O.D. reading) reading) of bearing

. - 07 ... 2007 .

from nominal from nominal of cone cup. 08 .. 2008 N yearly

dimension. dimension. assembly. Use pages  etc. manufacture.

Use pages Use pages Usepages 233-234. Found onl Found only

233-234. 233-234. 233-234. on matche{j 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 1108 1 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

in cone in cup O.D. indicator reading) of 07 ... 2007 of bearing
bore from  from nominal reading) cup. 08 2008 in yearly
n_omina_l dimension. of cone Use pages etcm manufacture.
dimension. Use pages assembly. 233-234. Found onl Found only
Use pages 233-234. Use pages ogugatgl‘?e)g on matched
233-234. 233-234. assemblies assemblies.

Fig. 102. Inch system precision bearing tag markings.

(1second number marked only on Class 3 product over 304.800 mm (12.0000 in.) cup O.D.

TIMKEN) FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONE@RTALOG



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 wi
increased spindle motor powers, has allowed much higher culttit
speeds to be achieved in many applications. To maintain the sa
global accuracy level at these higher cutting speeds poses
challenge to develop optimum spindle designs. Timken has met-
challenge by developing:

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 bearir._,

arrangement for a given application. Careful inspection of the adjacent components followed by an

Because of their high capability to carry loads together with appropriate refurbishment, if needed, must be made before
relatively low level of applied loads in the machine tool industiémounting the bearings. Particular points to be checked are
precision tapered roller bearings are seldom replaced for fatigupeometry (roundness, cylindricity, concentricity), surface
damage. The bearings are mainly replaced when a global lossnditions (nicks, burrs), sizes (bore, O.D. and width) and resultant
of precision of the machine is observed leading to a completging practice (see Engineering Section).

refurbishment of the machine. At this stage, it is advisable to replace

the bearings, even if they may appear to be in good condition; they

may be worn to a point where the accuracy is no longer effecivlREMOUNTING

The guidelines described in the Engineering Section apply exactly in

BEARING REPLACEMENT the same way for replacement purposes as for original equipment.

Even if a machine is considered old after several years of servi

it is not recommended to t standard class bearings in place %EARING TYPES

the original precision ones. This practice would most likely resuthe most popular tapered roller bearing types made in precision
in uncontrolled movements of the spindle due to the higher runatlsses are the single-row bearings, types TS and TSF, and the
of standard bearings. This can lead to poor accuracy of machingslo-row bearing, type TDO.

pieces and premature tool wear. These bearing types are supported by a range of special bearings

The best practice is to install a bearing of an equivalent precisidfgt have been designed for machine tool applications, such as
class to the original equipment recommended by the builder.  the variable preload Hydra-RibTM bearing, the high-speed TSMA

_ ) ) bearing and the compact TXR crossed roller bearing, which are
Both inner and outer rings have to be replaced to achieve the sam@yjjaple only in precision classes.

accuracy level as the original equipment. . ) - .
y 9 auip 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
in.) outside diameter, depending upon bearing type.

INSPECTION . . . .

The importance of this market segment is demonstrated by Timken'’s
The replacement of the bearings on any precision equipmentdémmitment to having a plant dedicated to producing precision-
not necessarily suf cient to restore the original accuracy. If thelass tapered roller bearings. This simply means that the precision
surrounding components (spindle, housing, nut, spacer) shawality is built into the bearing during manufacturing and is not
considerable defects in size or form, the bearing will simply transrAhieved by selecting from standard bearings. Roreased
the consecutive default to the workpiece. The total runout é¢gliability, Timken bearings are manufactured from high-quality
the system is the combination of the runout of each componeAtloy steels.
A precision bearing will add no more runout than is speci ed byhe application of precision tapered roller bearings is not just

the bearing class, but it will not reduce any runout already preselinited to machine tools. Wherever spindles turn and rotational
from the spindle and housing. accuracy is essential to the machine’s performance, precision
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PRECISION TAPERED ROLLER BEARINGS

PRECISION BEARING TYPES

tapered roller bearings are encountered. Other typical applicatiorise projected along the axis, resulting in a total
are printing presses, optical grinders, pro le cutters, indexingeffective bearing spread many times greater

tables, precision drives and measuring gauges.

SINGLE-ROW BEARINGS
TS — SINGLE ROW

This is the basic and the most widely used
type of tapered roller bearing. It consists
of 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 can
be “set” to the required clearance (endplay) orrig. 103.TS

preload condition to optimize performance. Single-row
bearing.

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

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 Fig. 105.TDO
moments are a signi cant load componentW0-row
TDO bearings can be used in xed (locating canng.

than the width of the bearing itself. This type of
bearing offers a high resistance to overturning
moments.

The normal design of the bearing is type
TXRDO, 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

axial oil holes for lubrication of the critical roller-

rib contact area to ensure adequate lubrication

at high speeds. The concept works by capturing

oil in a manifold (attached to the inner ring),

which is then directed to the rib-roller contacrig. 107. TSMA

area through holes drilled axially through trséngle-row
large rib. bearing with
axial oil holes.

TSHR — HYDRA-RIB BEARING WITH
PRELOAD ADJUSTMENT DEVICE

The Hydra-Rib bearing has a “ oating” outer
ring rib controlled by hydraulic or pneumatic
pressure, which ensures that the required
preload is maintained irrespective of the

positions or allowed to oat in the housing bore, for example, tgifferential expansions or changes in loading

compensate for shaft expansion.

TXR — CROSSED ROLLER BEARING

A crossed roller bearing is two sets of bearing races and rollers

taking place within the system. Fig. 108. Hydra-Rib
bearing with preload

adjustment device.

The list of part numbers in the TS and TSF design styles tables is not exhaustive. These

brought together at right angles — with alternate rollers facingepresent most of the common selections for the precision machine tool industry.
opposite directions — within a section height not much greater thavany tapered roller bearings currently are manufactured to “standard” precision

that of a single bearing. The steep angle, tapered geometry of té'

asses (Class 3 or 0/ C or B) but can be readily produced to higher precision levels.
garing modi cations such as conversion to a two row design, a high speed TSMA, or

bearing causes the load-carrying center of each of the races tase of ceramic rolling elements to meet speci ¢ application demands can usually be

(UThese bearing types are described in detail in the bearing
data tables at the end of this publication.

accommodated. Please contact your Timken representative for more information.
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PRECISION TAPERED ROLLER BEARINGS
TS STYLE

TS STYLE

PRECISION LEVED 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 ‘ G ‘ G ‘ ‘ Cag0 ‘ ‘ C a Inner-Outer

Bore O.D. Width ‘ Static ‘ Dynaml@)‘ Dynamlé“)‘ Dynami¢? ‘Cone WldtTuCup Width Eff. Centd?) Part Number
mm mm mm ‘ kN ‘ kN ‘ ‘ ‘ ‘ mm

in. in. in. Ibs. Ibs. Ibs Ibs in.

Saess | aumo| osmb  owb e em ﬂ,éz‘f(’ o L)é?fm 06105 | 0olPo04SIPe0I0
il oo B S (S & D S o o R (L e
Pmo dome  mow o ump  we Ao wa mOm B 2Spgen
il oo B e S S D S ool ool o LRSS
e buw MR AR BB g% BL R em | Dpeseanen
T | o cem s e o am e bew | aspsessdso
| Mo ok e s o e Pen (Tew | fpoosearsoon
ricl oo B v SR S S S A A . T
Yo v cems  ame  abe b0 dm  boe  oees | odpuossapron
e bt iomy wws by b o Low e | Jpeossamenn
precr v B S SO S s S o R oo
Do bewn fos  ses by m b b ovee | oy
Cors | b tos  mwm  aby s duo  hoes ovme | olgeeasas
Lo weom  muw  map sl o el w0 AE0 | S
v e DN b e e Ben vew | oo
St amen iim e ke b e ok oaew | ofgovssearsoes
o e iy mab abe theo o oo | ofiospion
o | Somi  Twm o aby 1w dve  un | osm | oo
Tows | avmn oy o o b dw e oem | oo
ool Bivrea By oo o S S S < M O e

(UTighter 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 revolutiandifierGois radial load component forceigfls 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 mor
(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
- T >
—— C—>
r
\
D D
dy
da D,
Mounting Dimensions ‘ Stiffnessd)
R r
Max. Shaft da tb Max. Housing ‘ ‘ ‘ Speed
Fillet Rad. at Con Shaft Backing Fillet Rad. at Cup Housing Backing ‘ K(10) [~ ‘ Ka(16) ‘ =4 Ra’zing-“) Wi,
Backface Diameter 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.
2.0 66.0 69.1 2.0 95.5 91.0 1.22 21 0l231 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 0,297 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 1010 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 4.72 4.53 8.74 607 1.51 472 3900 2.10
3.0 92.0 98.0 2.5 125.0 1170 2.82 3.8 0.472 2.9 3700 1.36
0.12 3.62 3.86 0.10 4.92 4.61 16110 854 2.70 652 3700 3.00
2.0 97.0 100.1 2.0 130.0 125.0 164 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 1030 674 1.95 540 3300 2.79
3.0 104.0 109.0 2.5 143.0 135.0 3l11 5.1 0.513 3.9 3300 2.17
0.12 4.09 4.29 0.10 5.63 5.31 17/80 1150 2.93 877 3300 4.78
3.0 106.0 112.0 3.0 140.0 134.0 1/80 3.0 0.341 2.4 3300 1.13
0.12 417 4.41 0.12 5.51 5.28 1030 674 1.95 540 3300 2.49
3.0 119.0 125.0 2.5 159.0 149.0 3/39 5.4 0.710 4.6 2900 2.45
0.12 4.69 4.92 0.10 6.26 5.87 1940 1210 4.05 1030 2900 5.39
3.3 121.0 127.0 3.0 158.0 151.0 2/53 3.8 0.450 3.0 2900 1.75
0.13 4.76 5.00 0.12 6.22 5.94 1440 854 .57 674 2900 3.86
3.3 127.0 132.1 3.3 163.0 156.0 2147 8.5 0.440 2.7 2800 1.62
0.13 5.00 5.20 0.13 6.42 6.14 14,10 787 .51 607 2800 3.56
3.3 133.0 137.9 3.3 168.0 161.0 2l60 3.6 0.499 2.9 2700 1.69
0.13 5.24 5.43 0.13 6.61 6.34 14,90 809 2.85 652 2700 3.72
3.0 137.0 143.0 3.0 179.0 172.0 2la5 b7 0.464 3.8 2600 2.16
0.12 5.39 5.63 0.12 7.05 6.77 14,00 1060 2.65 854 2600 4.76
3.0 148.0 152.9 3.0 189.0 182.0 2l60 4.9 0.556 4.2 2400 2.29
0.12 5.83 6.02 0.12 7.44 7.17 14,90 1100 8.17 944 2400 5.06
3.3 158.0 164.1 3.3 198.0 190.0 3130 4.6 0.588 3.6 2200 2.61
0.13 6.22 6.46 0.13 7.8| 7.48 18180 1030 3.36 809 2200 5.76
3.0 169.0 174.0 3.0 2131 206.0 2lo4 5.8 0.589 4.8 2100 3.11
0.12 6.65 6.85 0.12 8.39 8.11 16180 1300 8.36 1080 2100 6.86
3.0 179.0 183.9 3.0 2230 217.0 3l15 6.0 0.568 4.7 2000 3.43
0.12 7.05 7.24 0.12 8.78 8.54 1800 1350 8.24 1060 2000 7.56
3.0 189.0 194.1 3.0 2330 227.0 321 6.0 0.638 5.0 1900 3.59
0.12 7.44 7.64 0.12 9.17 8.94 18130 1350 8.64 1120 1900 7.91
3.0 190.0 196.1 2.5 2430 232.0 5/90 10.4 1.150 8.5 1800 6.67
0.12 7.48 7.72 0.10 9.57 9.13 33,70 2340 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: High-speed version (TSMA).
Matched components.
Runout high points marked.
Bearing setting adjustment.

Performance options:

‘ Load Ratings ‘

d D ‘ (63 ‘ G ‘ Goo ‘ B C a Inner-Outer
Bore 0.D. Width ‘ Static ‘ Dynami¢?) ‘ Dynami¢ Dynamlé“) ‘Cone Width Cup WidthEff. Centé? Part Number
mm mm ‘ kN ‘ kN ‘ kN ‘ mm mm
in. in. Ibs. Ibs. Ibs. Ibs in. in.

63500 | 107.950  25.400 158.0 102.0 26.5 208 25.400 19.050 08
29585-29520
2.5000 4.2500 1.0003p 3550b 229@0 5950 4670 1.0000 0.7500 -0.03
68.263 | 110000 21999 126.0 016 238 163 21.996 18.821 -0.8
399A-394A
2.6875 4.3307 0.8661 28300 20600 5340 3670 0.8660 0.7410 -0.03
73025 | 112713 25.400 166.0 102.0 26.5 222 25.400 19.050 1.0
29685-29620
2.8750 4.4375 1.0003p 373ob 230@0 5960 4980 1.0000 0.7500 04
76200 | 121442 24.608 137.0 94,7 245 18.9 23.012 17.625 15
34301-34478
3.0000 4.7812 0.9688 30800 21300 5510 4260 0.9060 0.6875 06
85725 | 136525 30163 216.0 143.0 37.1 28.2 29.769 22.225 407403
3.3750 5.3750 1.187# 4850b 321@0 8330 4340 1.1720 0.8750 -0.03
91973 | 142875 30000 240.0 152.0 39.3 32.2 30.000 21.996 1.8
M718947-LM718910
3.6210 5.6250 11811 54000 34100 8830 7230 1.1811 0.8660 0.07
101.600 |  157.163 36.513 3430 207.0 53.8 436 36.116 26.187 5
52400-52618
4.0000 6.1875 1.437# 7710b 465@0 12100 §8oo 1.4219 1.0310 -0.02
117.475 |  180.978 34.925 2710 181.0 472 39.9 31.750 25.400 53
68462-68712
4.6250 7.1250 13750 60900 40700 10600 8980 1.2500 1.0000 21
146.050 |  193.678 28,575 4070 182.0 472 29.8 08.575 23.012 48
36690-36620
5.7500 7.6250 1.1253p 9150@ 409@0 10600 $690 1.1250 0.9060 19
177.800 | 227.013 30.163 4700 194.0 50.3 37.9 30.163 23.012 12.7
36990-36920
7.0000 8.9375 11875 105600 43500 11300 8510 1.1875 0.9060 0.50
190.500 |  282.578 50.800 690.0 398.0 103.0 73.4 47.625 36.500 38
87750-87111
7.5000 11.1250 2.ooob 1551b0 89400 23200 i6500 1.8750 1.4370 0.15
206.375 |  282.575 46.038 8810 393.0 102.0 88.5 46.038 36.500 16.0
67985-67920
8.1250 11.1250 18125 198000 88300 22900 19900 1.8125 1.4370 0.63
215900 | 290.018 31.750 4570 222.0 57.4 37.9 31.750 22.225 13.0
543085-543114
85000 | 114177  1.2500 102700 49800 12900 8510 1.2500 0.8750 51

(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.

(3)The Timken Company calculation based on one million revolutionsiifer L

(4The Timken Company life calculations based on 90 million revolutiondifiar@ois radial load component forcejofls axial component.

(SFor synthetic high-speed grease in appropriate |l quantities with service interval and appropriate setting. Other methods may further improve speed by as much as 60 percent or mort
(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
—T
; —— C—>
\
D D,
d, “ .
Mounting Dimensions Stiffnes$)
R da db Max. |[|ousing Speed
Max. Shaft Fillet Rad. - spaft Backing | Fillet Rad. at Cup Housing Backing | k/(16) FkaA® | R Rain® | we
at Cone Backface Diameter Backface Diameter
mm mm mm mm mm mm N/m_m kN N/m_m 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 2|65 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
2.3 73.9 78.0 1.3 103.9 1011 1.53 2.38 0.208 1.63 4600 0.75
0.09 291 3.07 0.05 4.09 3.98 8.73 534 1.19 367 4600 1.65
3.6 80.0 86.1 3.3 109. 1011 2.19 2.65 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
3.6 83.1 88.9 2.0 116.1 110.0 1.62 2.45 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
3.6 93.0 99.1 3.3 130. 121.9 2.81 3.71 0.387 2.82 3700 1.52
0.14 3.66 3.90 0.13 5.12 4.80 13,20 834 2.21 633 3700 3.34
3.6 100.1 105.9 3.3 137.9 129.0 2152 3.93 0.489 3.21 3400 1.63
0.14 3.94 4.17 0.13 5.43 5.08 14(40 883 2.79 722 3400 3.60
3.6 111.0 117.1 3.3 151.9 142.0 331 5.36 0.630 4.35 3100 2.39
0.14 4.37 4.61 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 2/31 4.69 0.485 3.99 2800 2.75
0.14 4.92 5.20 0.13 6.77 6.42 13(20 1055 2.77 897 2800 6.06
1.5 152.9 154.9 1.5 188.0 182.1 455 4.72 0.524 2.97 2300 2.25
0.06 6.02 6.10 0.06 7.40 7.17 26.00 1060 2.99 667 2300 4.96
1.5 185.9 188.0 1.5 221.0 214.1 5/13 5.02 0.842 3.78 1900 2.88
0.06 7.32 7.40 0.06 8.7 8.43 29,30 1128 4.81 850 1900 6.35
3.6 202.9 209.0 3.3 267.0 261.1 452 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
3.6 218.9 224.0 3.3 2751 260.1 6192 10.18 1.520 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 3192 5.74 0.494 3.78 1600 541
0.14 8.90 9.13 0.13 10.87 10.71 22.40 1291 2.82 850 1600 11.92

TIMKEN) FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONE@ATALOG



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 ‘ ‘
D G B c a ‘

d D ‘ 13 G G ‘ Goo ‘ Cag0 ‘ Flange | Flange Cone Cup Eff. Inner-Outer
Bore O.D. ‘ Offset| Static Dynamlé?’)‘ Dynamlﬁ)‘ Dynamlé“)‘ Dia. Width | Width | Width | Centef2) Part Number
mm mm mm kN kN kN kN mm mm mm mm mm
in. in. in. Ibs. Ibs. Ibs. Ibs. in. in. in. in. in.

60.000 | 100000  8.500 1010 80.9 21.0 17.0 105.0 3.0 20000 | 15500/ 13
JPE040-IPGO10-B
23622 | 3 937q 0.3346 22700 18?00 4#20 #820 413 0.12 07874 | 0. 6104 0.05
70.000 | 110000  8.500 1120 848 22.0 17.4 116.0 3.0 20000 | 15500 25
3P7049.3P7010-8
27559 | 43307 03346 25200 19100 4950 3910 457 012 | 07874| 0.6102 10
80.000 | 125000  10.500 1410 105.0 27.2 21.0 132.0 40 22500 | 17.500 2
JP8049—JP8010—B
3149 | 4 921:# 0.4134 31700 23¢oo 6#20 {4720 5.20 0.16 08858 | 0. 6894
90.000 | 135.000  10.500 1550 110.0 28.4 p4.0 142.0 4.0 22500 | 17500 56
39045 IP9010-B
35433| 53150 04134 34800 24700 6890 5400 5.60 016 | 08858 | 0.6890
95.000 | 145000  10.500 17210 116.0 30.1 pa.4 152.0 40 22500 | 17.500 6.
.]P10044—JP10010—B
37402 | 5 7osj 0.4134 38700 26100 6?70 #5490 5.98 0.16 08858 | 0. 6894 24
100.000 145000  10.500 172.0 116.0 30.1 244 152.0 4.0 22500 500
JP10049 JP10010-B
39370 | 57087 04134 38700 26100 6770 5490 5.98 016 | 0.8858 6899
130.000 185.000  13.000 283.0 181.0 47.0 38.1 192.0 5.0 27.000 d
JP13049 JP13010-B
51181 | 7 283# 05118 63600 40?00 1¢6oo b570 7.56 0.20 1.0630 4
140.000, 195000 13.000 3040 188.0 48.8 42.0 202.0 5.0 27.000 d
JP14049 JP14010-B
55118 | 76772 05118 68300 42300 11000 9440 7.95 020 | 1.0630 8268
150.000 205.000  12.000 339.0 179.0 46.5 36.5 210.0 486 | 28575 1438
JL730646 JL730612-B
59055 | 80709 04724 76200 40200 10500 8210 8.27 019 | 1.1250 8440

(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.
(3The Timken Company calculation based on one million revolutionslifer L

(4The Timken Company life calculations based on 90 million revolutiondifiarGois radial load component forcejggis axial component.
(SFor synthetic high-speed grease in appropriate |l quantities with service interval and appropriate setting. Other methods may further improve speed by as much as 60 percent or mort
(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
T
—(C2 —
D Dy d D, B,
da
l—
Mounting Dimensions Stiffnessd)
R da do r ) Da ‘ Dy ‘ Speed WL
ngégggﬂBZi(lzlffgsé il Shaft Backing F:\I?:tx Rgc(l)u Z%ngup Housing Backing K(16) R ‘ Ke(16) Ra g
Diameter 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.

2.0 66.0 69.0 2.0 98.0 91.0 1.22 21 0l231 17 510061

0.08 2.60 2.72 0.08 3.8# 3.58 6.97 472 1.32 382 5100 1.34
2.0 76.0 80.0 2.0 105.$ 101.0 1.83 é.Z 0.239 1.7 4500 0.69
0.08 2.99 3.15 0.08 4.1# 3.98 7.59 495 1.36 382 4500 1.52
2.0 86.0 89.0 2.0 129.4) 1150 1.53 é.? 0.264 2.1 3900 0.95
0.08 3.39 3.50 0.08 5.0# 453 8.4 407 1.51 472 3900 2.09
2.0 97.0 100.0 2.0 133.b 125.0 1.64 #8 0.338 2.4 3600 1.09
0.08 3.82 3.94 0.08 5.24 4.92 9.86 d29 1.93 540 3600 2.40
3.0 102.0 108.0 3.0 142.b 134.0 1,80 F.O 341 2.4 3300 1.32
0.12 4.02 4.25 0.12 5.5# 5.28 10,28 #74 1.95 540 3300 291
3.0 106.0 112.0 3.0 1420 134.0 1180 8.0 341 2.4 3300 113
0.12 4.17 4.41 0.12 5.5# 5.28 10,28 ¢74 1.95 540 3300 2.49
3.0 137.0 143.0 3.0 188.b 172.0 2/45 %1.7 464 3.8 2600 2.20
0.12 5.39 5.63 0.12 7.4(# 6.77 13199 1b57 2.65 854 2600 4.85
3.0 148.0 153.0 3.0 198.b 182.0 2|60 %1.9 .556 4.2 2400 231
0.12 5.83 6.02 0.12 7.8¢ 7.7 14,85 1‘102 3.17 944 2400 5.09
3.3 158.0 164.0 3.3 ZOO.b 190.0 3/30 %1.6 .588 3.6 2200 2.69
0.13 6.22 6.46 0.13 7.8# 7.48 18,84 lb34 3.36 809 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.

‘ Load Ratings
‘ D G B c a

d D T G G Goo Cago Flange | Flange Cone Cup Eff. Inner-Outer

Bore O.D. Offset| Static | Dynami€®| Dynami¢?) | Dynami¢®)| Dia. Width | Width | Width | Centef?) Part Number

mm mm mm kN kN kN kN mm mm mm mm mm

in. in. in. Ibs. Ibs. Ibs. Ibs. in. in. in. in. in.
46.038 85.00@ 9.525 117.0 86/4 22.4 13.3 89.8 4.8 25.608 20.638 2-§38ﬁ - 29248
1.8125 3.3445 0.3750 26200 19400 5040 2980 3.53 0.19 1.0082 0.8125 -0.25
66.675 112.71? 11.112 1910 129.0 33.3 2.9 117.4 4.8 30.048 23.812 3g§46_ 3920-B
2.6250 4.43#5 0.4375 4@000 28900 7490 5160 4.62 0.19 1.1830 0.9375 -0.18
69.850 | 120000 11095 1860 133.0 34.4 22.7 125.4 55 | 20007 | 24237 gl 40
2.7500 4.7244 0.4368 41900 29900 7740 5100 4.94 0.22 1.1420 0.9542 -0.16
69.850 127.00b 14.288 262L0 182.0 47.1 29.4 133.2 6.4 36.170 28.575 5@61- 563-B
2.7500 5.0040 0.5625 5$900 40900 10600 6600 5.25 0.25 1.4240 1.1250 -0.32
73.025 117.4#5 11.142 19‘*0 128.0 33.2 24.8 122.1 4.8 30.162 23.812 332—578_ 33462-B
2.8750 4.62#0 0.4375 441300 28800 7470 5570 4.81 0.19 1.1875 0.9375 -0.11
83.345 125.41? 10.317 178L0 109.0 28.1 20.0 130.1 4.8 25.400 19.845 27&75 - 27620-B
3.2813 4.93#5 0.4062 3#}900 24400 6320 4500 5.12 0.19 1.0000 0.7813 0.02
88.900 149.22F 12.700 241L0 151.0 39.1 83.0 154.7 5.6 28.971 24.608 423%.8 - 42587-B
3.5000 5.87#0 0.5000 541300 33900 8790 7410 6.09 0.22 1.1406 0.9688 0.12
95.250 168.27# 18.255 386L0 245.0 63.5 51.2 175.3 7.1 41.275 30.162 6‘{3’38- 672-B
37500 66250  0.7187 86700 55100 14300 11500 6.90 0.8 16250 11875  -0.11
101.600 168.27‘5 18.255 384.0 245.0 63.5 51.2 175.3 7.1 41.275 30.162 68278— 672-B
4.0000 6.62#0 0.7187 8¢700 55100 14300 11500 6.90 0.28 116250 1.1875 -0.11
114.300 190.50‘0 20.638 5424.0 337.0 87.3 62.2 198.3 7.9 49.212 34.925 714-§06_ 71750-B
4.5000 7.5040 0.8125 142000 75700 19600 14000 7.81 031 1.9375 1.3750 -0.26

(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 revolutionglifer L

(4The Timken Company life calculations based on 90 million revolutiondifiar@ois radial load component forcejofis 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

TSF STYLE
T
—C> —
D
Dy 0 Dy
Mounting Dimensions ‘ Stiffnes<6)
- da ® Max. I[|ousing ‘ Rsagﬁeg% s
st Sl B RE ol Shaft Backing Fillet Rad. at Cup Housing Backing K(16) i Ke(10) R
at Cone Backface Diameter 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.

3.5 52.0 58.0 13 82.0 76.¢) 1.68 2.2 0/170 13 620065
0.14 2.05 2.28 0.05 3.23 #.99 9.60 504 0.97 298 6200 1.43
3.5 74.0 80.0 3.3 108. 99.b 2.33 3.3 01318 2.3 4600 1.18
0.14 291 3.15 0.13 425 #.90 13.30 749 1.82 516 4600 2.61
35 77.0 83.0 0.8 115.0 108‘.0 2.08 3.4 0.261 2.3 4300 1.36
0.14 3.03 3.27 0.03 4,53 %1.25 11.90 774 1.49 510 4300 2.99
3.5 78.0 85.0 3.3 121. 112‘.0 2.1 4.7 0.303 2.9 4100 1.97
0.14 3.07 3.35 0.13 4776 %.41 15.50 1060 1.73 660 4100 4.3¢
3.5 80.0 87.0 3.3 114.0 104.0 2|38 3.3 0.383 2.5 4300 1.25
0.14 3.15 3.43 0.13 4,49 %1.09 13.60 747 2.19 557 4300 2.75
3.5 90.0 96.0 15 123. 115‘.0 2.7 2.8 0.332 2.0 3800 1.08
0.14 3.54 3.78 0.06 4,84 %.53 12.90 632 1.90 450 3800 2.37
3.0 98.0 104.0 3.3 152.0 134.0 2,52 3.9 0.518 3.3 3300 2.13
0.12 3.86 4.09 0.13 5.98 '#'.28 14.40 879 2.96 741 3300 4.7C
3.5 106.0 113.0 3.3 160.0 14‘#.0 3/39 6.4 .635 5.1 3000 3.79
0.14 4.17 4.45 0.13 6.30 #.87 19.30 1430 3.62 1150 3000 8.3
35 112.0 118.0 3.3 160.0 l4$.0 3/39 6.4 .635 51 3000 3.47
0.14 4.41 4.65 0.13 6.30 '#'.87 19.30 1430 3.62 1150 3000 7.6
3.5 125.0 132.0 3.3 181.0 17i.0 4|28 8.7 .627 6.2 2700 5.31
0.14 4.92 5.20 0.13 713 %3.73 24.50 1960 3.58 1400 2700 11
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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 Provides low starting torque.

precision rotational applications. Simpli ed construction facilitates installation

Stability of bearing greatly enhanced by effective spread and  and adjustments.

high stifiness of double roller set. Additional sizes and tolerances available upon

Ideal choice for table bearing for vertical machining special request.
operations.

Precision Level S

Load Ratind®
D d T R 5 3 Part
Cong. 0D. Bore Width Radius Radial!) Axial K2 Preload®®) |\ mbefe)
mm mm mm mm kN kN mm
in. in. in. in. Ibs. Ibs. in.

400.000 300.000 37.00( 1.5 63.C 80.1 0.025 to 0.040

2 0.45 JXR637050
15.7480 11.8110 1.4567 0.06 14200 18000 0.001 to 0.0015
425.000 310.000 45.000 2.5 82.2 102.0 0.025 to 0.040

2 0.46 JXR652050
16.7323 12.2047 1.7717 0,10 1§500 22900 0.001 to 0.0015
495.000 370.000 50.00( 3.0 93.¢ 119.0 0.040 to 0.050

2 0.45 JXR699050
19.4882 14.5669 1.9685 0,12 21000 26800 0.0015 to 0.002

Precision Level P

400.000 300.000 37.00C 1.5 63.¢ 80.1 0.025 to 0.04}0

2 0.45 JXR637050
15.7480 11.8110 1.4567 0,06 1%1200 18000 .001 to 0.0015
425.000 310.000 45.00( 25 82# 102.0 0.025 to 0.04}0

2 0.46 JXR652050
16.7323 12.2047 1.7717 0/10 1$SOO 22900 .001 to 0.0015
495.000 370.000 50.00( 3.0 93.({% 119.0 0.040 to 0.0#0

2 0.45 JXR699050
19.4882 14.5669 1.9685 0/12 2#000 26800 .0015 to 0.002

(UTighter 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.

(4The Timken Company life calculations based on 90 million revolutions for L10 life. C90 is radial load component force; Ca90 is 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 pages2e@Engineering Section.

NOTE: Application of these preload values assumes suggested tting practice in Engineering Section is used.
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Precision Level 3

Con g.

D
O.D.

mm
n.
279.400
11.0000
457.200
18.0000
609.600
24.0000
760.000
29.9213
914.400
36.0000
1117.600
44.0000
1327.150
52.2500
1828.800
72.0000

Precision Level 0

279.400
11.0000
457.200
18.0000
609.600
24.0000

TIMKEN) FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONEX3TALOG

<D l
T
N\ IR
=
Lo \:/__;;\ .
Cong.1
d T R
Bore Width Radius
mm mm mm
in. in. in.
203.200 31.75C 1.5
8.0000 1.2500 0.06
330.200 63.500 3.3
13.0000 2.5000 0.13
457.200 63.500 3.3
18.0000 2.5000 0.13
580.000 80.00( 6.4
22.8346 3.1500 0.25
685.800 79.375 3.3
27.0000 3.1250 0.13
901.700 82.550 3.3
35.5000 3.2500 0.13
1028.70C 114.300 3.3
40.5000 4.5000 0.13
1549.400 101.600 3.3
61.0000 4.0000 0.13
203.200 31.75(C 15
8.0000 1.2500 0.06
330.200 63.50( 3.3
13.0000 2.5000 013
457.200 63.500 3.3
18.0000 2.5000 013

PRECISION TAPERED ROLLER BEARINGS

Load Ratind9

Radial) Axial

kN kN
Ibs. Ibs.

51.3
11500
100.0
22500
141,0
31600
240)0
53900
270.0
60700
300,0
67400
405.0
91000
518.0
116000

11500
100.0

22500
1410

31600

K@)

616 0.48
13800

1230 40
27600
1780 45
40100
2990 46
67200
3840 (45
77200
39

6.0 044
88900

534.0 0.44
120000

990 43
157000

61,6 0.48
13800

123.0 0.47
27600
178.0 0.45
40100

TXR STYLE

Preload®3) | Part Number

mm

in.
0.02510 0.040  ypA96051
0.001 to 0.0015
0.040100.080 ypeoanes
0.0015 to 0.002
0.040100.080 ypoesos
0.0015 to 0.002
0.075t00.100  ypas0060
0.003 to 0.004
0.075100.100  ypas5053
0.003 to 0.004
0.100100.180  ypago055
0.004 to 0.006
0.125100.180 ypasoosg
0.005 to 0.007
0.150t00.200  ypag7051
0.006 to 0.008

0.025100.040 4405051
0.001 to 0.0015

0.040100.080 ypers0ss
0.0015 to 0.002

0.040 10 0-040 XR766051
\0.0015 t0 0.002



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.

TIMKER 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
(medium is standard).

Only minor modi cations needed on existing spindles to
install.

Speed ratings for Hydra-Rib and Spring-Rib bearings are Call for available sizes.
signi cantly higher than standard ribbed-cone designs.
Consult the Engineering Section for greater detail, or contact

your Timken representative.|

d Dy D T1 Goo c G a
Bore Flange Dia. Seat Dia. Width Load Rating® Cup Width Seat Width Eff. Centdd)
mm mm mm mm kN mm mm mm
in. in. in. in. Ibs. in. in. in.

50.000 103.175 104.000 31.000 20.6 66.00b 15.000 -13.0
1.9685 4.0620 4.0945 1.220 4630 2.#984 0.5906 -0.51
50.000 103.175 104.000 31.000 20.6 66.0b0 15,000 -13.0
1.9685 4.0620 4.0945 1.220 4630 2.%984 0.5906 -0.51
50.000 103.500 104.000 31.000 20.6 66.0b0 15/000 -13.0
1.9685 4.0748 4.0945 1.220 4630 2.#984 0.5906 -0.51
50.000 103.175 104.000 31.000 20.6 66.0b0 15,000 -13.0
1.9685 4.0620 4.0945 1.220 4630 2.%984 0.5906 -0.51
75.000 130.000 122.000 22.000 23.1 65.0b0 10/000 -10.2
2.9528 5.1181 4.8031 0.866 5190 2.#591 0.3937 -0.40
75.000 130.000 122.000 22.000 23.1 65.0b0 10,000 -10.2
2.9528 5.1181 4.8031 0.866 5190 2.%591 0.3937 -0.40
85.000 148.000 140.000 23.500 30.1 66.0b0 10/000 9.1
3.3465 5.8268 5.5118 0.9252 6760 2.#984 0.3937 -0.36
85.000 148.000 140.000 23.500 30.1 66.0b0 10,000 -9.1
3.3465 5.8268 5.5118 0.9252 6760 2.%984 0.3937 -0.36
95.000 158.000 145.000 21.000 29.5 70.0b0 10/000 4.3
3.7402 6.2205 5.7087 0.8268 6640 2.#559 0.3937 0.17
95.000 158.000 145.000 21.000 29.5 70.0b0 10,000 4.3
3.7402 6.2205 5.7087 0.8268 6640 2#559 0.3937 0.17
100.000 178.000 170.000 27.000 34.1 70.qOO 12.000 10.4
3.9370 7.0079 6.6929 1.0630 7660 2.#559 0.4724 0.41
110.000 178.000 170.000 27.000 34.1 70.400 12.000 10.4
4.3307 7.0079 6.6929 1.0630 7660 2#559 0.4724 0.41
115.000 190.000 180.000 26.000 42.0 70.qOO 12.000 -7.1
45276 7.4803 7.0866 1.0236 9440 2.#559 0.4724 -0.28
120.000 190.000 180.000 26.000 42.0 70.400 12.000 7.1
4.7244 7.4803 7.0866 1.0236 9440 2.#559 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 K (10) R Ka (16) 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 15 1.76 2.95 0.222 1.95
JP10048-JP10019HR

0.12 4.21 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 4.21 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 3.41 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 2.41 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

Precision metric bearing available in any precision class.

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.

Only minor modi cations needed on existing spindles to

install.

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.|

d
Bore

mm
n.
125.000
49213
130.000
5.1181
135.000
5.3150
140.000
5.5118
155.000
6.1024
160.000
6.2992
170.000
6.6929
180.000
7.0866
200.000
7.8740
220.000
8.6614
270.000
10.6299
285.750
11.2500

D1
Flange Dia.

mm
n.
200.000
7.8740
200.000
7.8740
213.000
8.3858
213.000
8.3858
235.000
9.2520
235.000
9.2520
248.000
9.7638
268.000
10.5512
290.000
11.4173
316.000
12.4409
385.000
15.1575
385.000
15.1575

D
Seat Dia.

mm
n.
190.000
7.4803
190.000
7.4803
205.000
8.0709
205.000
8.0709
227.000
8.9370
227.000
8.9370
240.000
9.4488
260.000
10.2362
282.000
11.1024
308.000
12.1260
375.000
14.763
375.000
14.763

8

8

T1
Width
mm ‘
n.
29.000
11417
29.000
11417
27.000
1.0630
27.000
1.0630
30.000
11811
30.000
11811
30.000
11811
30.000
11811
32.000
1.2508
32.000
1.2508
40.000
15748
40.000
15748

(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.

TIMKEN 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.

Choices of light, medium or heavy preload settings
(medium is standard).

Call for available sizes.

Go
Load Rating®
kN
Ibs.

©
Cup Width

mm
n.

G
Seat Width

mm
n.

8346

72.000

8346

72.000

8346

72.000

8346

76.000

9921

79.000

1102

79.000

1102

84.000

3.3071

83.000

3.2677

83.000

105,

3.2677
,000

4.1339
000
4.1339
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12.

12

13.

13.

15.

15,

15.

15,

17.

17.

20

a
Eff. Centdd)

mm
n.
000
0.4724
000
0.4724
000
0.5118
000
0.5118
000
0.5906
000
0.5906
000
0.5906
000
0.5906
000
0.6693
000
0.6693
.000
0.7874
.000
0.7874

0.00



PRECISION TAPERED ROLLER BEARINGS

TSHR STYLE
C
D
Mounting Dimensions Stiffness
Hydra-Rib R Shaft r
Part Number Shaft Radius | Shoulder Dia. | Housing Radius K- (10) R Ka (10) R
mm mm mm N/mm kN N/mm kN
in. in. in. Ibs./in. Ibs. Ibs./in. Ibs.
3.0 138.0 1.0 2.78 4.99 0.200 2.50
JP13043P-JP13016HR
0.12 5.43 0.04 15.9 1120 1.14 561
3.0 138.0 1.0 2.78 4.99 0.200 2.50
JP13049P-JP13016HR
0.12 5.43 0.04 15.9 1120 1.14 561
3.0 148.0 1.0 2.75 5.06 0.406 3.62
JP14043P-JP14019HR
0.12 5.83 0.04 15.7 1140 2.32 813
3.0 152.0 1.0 2.75 5.06 0.406 3.62
JP14049P-JP14019HR
0.12 5.98 0.04 15.7 1140 2.32 813
3.0 169.0 1.0 3.16 6.09 0.441 4.24
JP16043P-JP16019HR
0.12 6.65 0.04 18.0 1370 2.52 953
3.0 172.0 1.0 3.16 6.09 0.441 4.24
JP16049P-JP16019HR
0.12 6.77 0.04 18.0 1370 2.52 953
3.0 182.0 1.0 3.36 6.29 0.432 4.19
JP17049P-JP17019HR
0.12 7.17 0.04 19.2 1410 2.47 943
3.0 193.0 1.0 3.44 6.36 0.495 4.49
JP18049P-JP18019HR
0.12 7.60 0.04 19.6 1430 2.8% 1010
3.0 213.0 1.0 3.47 7.46 0.471 5.12
JP20049P-JP20019HR
0.12 8.39 0.04 19.8 1680 2.69 1150
3.0 233.0 1.0 3.93 8.08 0.644 6.09
JP22049E-JP22019HR
0.12 9.17 0.04 22.4 1820 3.68 1370
4.0 293.0 4.0 6.19 11.40 0.666 6.98
JL555235-JL55512HR
0.16 11.54 0.16 35.4 2570 3.8L 1570
4.0 293.0 4.0 6.19 11.40 0.666 6.98
JL555239-JL55512HR
0.16 11.54 0.16 35.4 2570 3.8L 1570

TIMKEN) FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONEXATALOG



PRECISION TAPERED ROLLER BEARINGS

TAPERED ROLLER BEARING BORE DIAMETERS FOUND IN THIS CATALOG

TAPERED ROLLER BEARING
BORE DIAMETERS
FOUND IN THIS CATALOG

TSF

TS |

Series

TXR |

/
TSHR | 7
N N A I I B

40 60 80 100 120 140 160 180 200 220 240 260 28? 15800 1520 1540 1560

Bore Diameter (mm)

TSF [ |

TS |

Series

TXR

/
|
TSHR | 7
rr rrrrrrrrrr T

15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11\11.5 12 59 59,5 60 60.5 61 615

Bore Diameter (in.)

Fig. 109. Bore diameters.
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SUPER PRECISION BALL BEARINGS

SUPER PRECISION
BALL BEARINGS

The following topics are covered within this section:

Nomenclature. . ... 12Q.
Bearing TYPesS. ..o oot 125.
Applications. . ... 128..
Spindle Bearings. ... 132.
Ball Screw SupportBearings . ..., 194
Ex-Cell-O Spindle Bearings. .. ..........ccovviu... 212

Ball Bearing Bore Diameters Found In This Catalag . . .214
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NOMENCLATURE

NOMENCLATURE
1ISO

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
N E 25° for other than standard.
o o
symbolAngular contact; F 18
lgmghﬁ#éder on Bore Size: Cage:
HXAngular contact; 82 llg an T phenolic (composition)
low shoulder on 02 15mm MBRmachined bronze
both rings 03 17 mm PRL molded polymer cage
Ball Material: 04 20mm
No material callout gﬁgsaengﬁ,\,rgu'“ply Precision Class:
implies steel numbers by 5 to get P4 high precision ISO
C ceramic bore in mm) P4 (ABEC 7)
P4S  super high precision

between I1SO P4
(ABEC 7) and ISO

Series: . P2 (ABEC 9) P2 ultra
Angular Contact Ball Bearings: precision 1SO P2
7190wiltra-light (ABEC 9)
7000extra-light
720dight
7300medium Preload: Universal Flush Ground
Deep Groove Ball Bearings: SU  single bearing
600Cextra-light DU duplex pairs of bearings
6200ight TU triplex set of bearings
6300medium QU quadruplex set of bearings
X extra-light
L light
M medium
H heavy

Fig. 110. ISO nomenclature.
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NOMENCLATURE

SUPER PRECISION BALL BEARINGS
ANGULAR CONTACT

2 MM C 91 04 Wl 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 17mm Preload: Universal
(deep-groove) 04 20mm 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
X extra-light
Precision Class: Series: Construction: L light
MM/MMV  super high precision 9300 ultra-light K deep-groove; high M  medium
between ABEC 7 (ISO P4 9100 extra-light shoulder on both rings H heavy
and ABEC 9 (ISO P2) 99100 extra-light WI angular contact; low
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 Timke® 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 (1ISO 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 25BS 57/7PP D M

ABEC 7 (ISO P4): 5double-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 nhomenclature - 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)

Q quadruplex (4
BUbolt-on anged unit d plex (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.

TIMKEN) FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONEZ3TALOG
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NOMENCLATURE

MEANINGS OF PREFIXES AND SUFFIXERFORMANCE

In the Timken numbering system, the basic number, which denotEse most widely recognized definition of quality is contained
the size and series, is always retained. When special variations awgthin the ABEC/ISO classes; however some factors affecting
made, as in the case of precision bearings, pre xes and suf xeperformance of a bearing are not completely de ned within these
are 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
PR

PRF, PRG
SuUL
SUM
SUH
DUL
DUM
DUH
TUL
TUM
TUH
QUL

QUM

QUH

High Precision, ABEC 7 (ISO P4)

Super Precision, ABEC 7/ABEC 9 (ISO P4/P2

Super Precision between ABEC 7 and ABEC
(ISO P4/P2), Low contact angle - 15 degree

Super Precision between ABEC 7 and ABEC
(ISO P4/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

standards. This allows for a signi cant range of variability in product
performance among bearing manufacturers. To provide premium
erformance, all Timken ball bearing MV(P4), MM(P4S), MMV (P4S)
nd MMX(P2) precision grades comply with strict controls over
these non-speci ed parameters — all of which can have a direct
pact 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, ISO P4/P2)

Super precision bearings manufactured to the MM(V) tolerance
class 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 1.7 " 0 i s £-pas)

2MV-WI (7-C-P4)
_ o 2MMV and 3MMV-HX (HX7-C-P4S
2MV-WI (7-C-P4) types with 15 degree initial contact angle age | HX7-E-P4S) are dimensionally

designed to meet the needs of machine builders for preCiSi%terchangeable with equivalent 9100,
bearings that are highly precise, cost effective and are radiallg,;gloo’ 9300 and 1SO Series 10 and
stiff while also accommodating thrust loads to a certain extent. Asy bearings. These designs enable
a result, these bearings are used extensively in cutting tools, "\é%indle heads to remove more material
spindles and textile applications.

2MMV AND 3MMV-HX

in less time while maintaining superior Fig. 117.

machining tolerances. This is achieved gmmxn;xx _la_nd
o - ypes
3MV-WI (7-E-P4) through a proven combination of (HX7-C-VV-P4S and

. . ._.unique ball complements with precision
3MV-WI (7-E-P4) bearings are manufactured with a 25 degree initia] P WIEN PreciSion Hx7-e-vv-p4s).

. . o ) engineering of raceway geometries.
contact angle and exhibit a high axial rigidity and takelapwely 9 g Y9
higher axial loads. These bearings are the common choice for use
in precision commercial lathes and vertical spindle applications.

2MM-WI (7-C-P4S) 2MMV AND 3MMV-HX VV

2MM-WI (7-C-P4S) types with 15 degree initial contact angle af&1 X 7-C-VV-P4S AND HX7-E-
designed to meet the needs of machine builders for precisio‘vv-P4S)
bearings that will operate at as low a temperature as possible fqr
awidegran eofs eF()eds and operatin Ioatl;)s In order fsr machin%g/"vIV and SMMV-HX VV (HX7-C-VV-
g P P g . . %48 and HX7-E-VV-P4S) possess all
to produce more accurate work at a higher production rate, the .
. . . o . of the high-speed advantages of the
bearings must provide a high degree of rigidity in both axial a .
S . . . but add pre-lubrication and true-
radial directions while operating at minimum temperatures. For. .
. . . . . igh-speed seals. These bearing seals .
example, precision machining or cutting tools impose heavier loagds . . Fig. 118.
. . - - elp protect the lubricant from outside  \M9300WI DUH
on bearings than those encountered in precision grinding. In the . . o
contaminants while ensuring internal  (Inch)

former, speeds are slower and loads heavier than the latter, whe[e . .
; . lubricant retention. MM-BS-DUH
speeds are high and loads light. The 2MM-WI (7-C-P4S) Type gives (Metric).

the machine builder the exibility required to meet such variations
in applications.

3MM-WI (7-E-P4S)
3MM-WI (7-E-P4S), manufactured with 25

BALL SCREW SUPPORT BEARINGS

degree initial contact angle, are for use on To meet the demands of the servo-controlled machinery eld, the
applications where the loading on the initial Timkef® ball screw support bearings (BSSB) are specially designed
bearings is predominately axial and a high with steep contact angles and offer high levels of stiffness for ball
degree of axial rigidity is required. Typical screw application requirements. Timken’s most recent product
applications for these are large vertical offering in this area is a series of double-row, sealed, anged (or
rotary surface grinders, horizontal and cartridge) units that use an integral double-row outer ring to help
vertical disc grinders, and thrust bearing gig 116 simplify installation procedures. Timken offers the following ball
applications for heavy-duty lathes where 7-C-P4, 7-E-P4, screw support bearing products:

the bearings must directly carry extremely 7-C-P4S and Inch Series BSSB (MM9300).

high tail stock or chucking pressure. (77-.E(;|.D|:?4SST;/£§S Metric Series BSSB (MMBS).

7-E-P4S). 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 FOBALL SCREW SUPPORT BEARING
BALL BEARINGS MOUNTING ARRANGEMENTS

To better match machine tool bearings to spindles, Timken offefy! allgnment markiis placed on the outer rings of bearing sets as
micron coding for its super precision angular contact ball bearinghown' This mark 'S_ in the form of a "V when bearings are in the
line. (Micron coding is standard on all products except ball scren? arrangement (triplex and quadruplex sets only).

support bearings and Ex-Cell-O bearings.)

Micron coding is based on average bore and O.D. diameters. Tj@&?ﬁf): AP :&i&fg&l

type of coding indicates the deviation from the nominal size ir|1/_\

microns. L J —{__ — |

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 bax L —
g g I [
label. A| D Sl el
—1 — 1
N A A D A A D D
2MM9108WI DUL
9108CCRDUMPA4S
QT RTTR PUPHER® - TRPEED RUIPROPEEX@
)
Fig. 120. Ball screw support bearing mounting con gurations.
2MM9108WICRDUL
67!) 9! |0 7!) 17 Part Description
05T 436 32888 High Point Mark
Assembled in USA
ABEC 9-MMV Micron
Bore(dm) -4 um OD(Dm) - £ um O.D. Code
Fig. 119. Packaging coding. Mfr. Brand
Micron
Bore Code
TABLE 70.
DEVIATION FROM NOMINAL. Mir. Lot #
(FULLY TRACEAB Thrust Face 1.D.
Micron Micron Inch ’ Date Code
coding Over Incl. Over Incl. Country of Manufacturing
1 0 -1 0.000000 -0.000039
2 -1 2 -0.000039 -0.000079 ) . )
Fig. 121. Super precision markings.
3 -2 -3 -0.000079 -0.000118
4 -3 -4 -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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Ball
Bearings

Series

Spindle
Bearings

Ball Screw
Support
Bearings

TABLE 71.

SUPER PRECISION BALL BEARINGS

TIMKEN’S PRECISION PRODUCT OFFERING

Design
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Wi

HX

HXVV

WN

Single
Row

Double
Row

Size
Series

9300 (71900
9100 (7000)
200 (7200)
300 (7300)

9300 (71900
9100 (7000)

9300 (71900
9100 (7000

99100

9100 (7000)
200 (7200)
300 (7300

200 (7200)

300 (7300)

MMN

MMF

Precision

MV, MM

MV, MM

MV, MM
MM

MMV

MMV

MMV

MM

MM

MM

MM

Contact
Angle

15°, 25°

15°, 25°

15°, 25°

15°, 25°

0°

60°

60°

60°

BEARING TYPES

Features

High capacity design with
outer piloted cage.
Ball-piloted cage (PRL)
available in 9100 and
200 series.

High-speed design with
outer piloted cage.

Sealed high-speed design
with outer piloted cage.

High rigidity design with
outer piloted cage.

Radial (deep groove) bearing
with inner piloted cage.

Single-row high axial capacity
and rigidity design with
ball-piloted cage.

Sealed double-row high axial
capacity design with
split inner rings.

Flanged and sealed double-row
high axial capacity design with
split inner rings and optional

snap ring.
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APPLICATIONS

APPLICATIONS
Workhead and tool spindles are often the most importanSPEC|A|_ REQU|REMENTS

components of machlne tools. Consequently, t_o reach Fhﬁigh-speed, grease-lubricated spindles and heavy-precision
requirements for spindle speed, work accuracy and nish, SEIeCt'OWorkheads requiring unusual rigidity and running accuracy are

of the proper size and type of ball bearings to support these spindlgsfeW of the many special problems involving super precision

is critical. bearings. These and many other applications generally require

Of all the rolling bearing types, super precision ball bearings hawesign features that can be reviewed by your Timken representative.
proved to be the best value for the wide variety of machine tool
bearing applications, which cover broad ranges of operating loads,

9 applEations, o ges oToperaiing 04t |GH-SPEED INTERNAL-GRINDING SPINDLE
speeds and lubrication conditions. Duplexed, preloaded, angular
contact bearings with one-piece composition cages have excelleresigned for internal precision grinding, this spindle incorporates
capacity and provide maximum spindle rigidity. These bearingdMM9106WI-CR (7006C-T-P4S) super precision ball bearings,
are widely used to help machines achieve faster speeds, great@eloaded by a coiled helical spring cartridge. Thrust load exerted
accuracy, smoother nishes and higher production rates. by the springs ensures close contact of the balls with the bearing
. . . . . . _raceways under all operating conditions. The sealed construction
Many considerations are involved in the choice of bearings™ . . . . L .

. - . rovides highly effective protection against intrusion of coolant

for precision applications. Among those that influence th . ) . .

. . . and foreign matter. Grease is packed and sealed in each bearing
performance of machine tool spindles are the internal geomet:é/rior 10 assemblv. Operating soeed of this spindle is 25000 RPM
of the bearings, the mounting arrangement, the shaft and housing y- 2P gsp P '
mounting ts, the balance and alignment of the rotating parts, and
last, but equally important, the lubrication. While many of these =
factors are signi cant in slow-speed applications, alhefh must e

be considered for high-speed spindles. e o T -|____;
—im

To minimize de ection under load, shafts for machine tool spindles
are desigqed to have a minimum unsupported Iength and max.imlf_r;n. 122. High-speed internal-grinding spinde.

cross section. For the same reason, spindle housings are deS|gnqu

heavy enough to carry the work load. Their cross sections are

made as uniform as possible to reduce stress concentration during

uneven de ection of the frame due to thermal changes. In additioﬁ,J LTRA-PRECISION SURFACE-GRINDING
heavy, well-proportioned housings can function as sinksriduct SPINDLE

heat away from ball bearings. 2MMX9122WI-DUM (7022C-P2-DUM) super precision bearings,
produced to ABEC 9 (ISO P2) tolerances, are employed in this
horizontal surface-grinding spindle for maximum rigidity and

SELECTIVE ASSEMBLY accuracy. A back-to-back pair of 2MM312WI-CR-DUL (7312C-CR-

Under certain conditions, it may be desirable to control ts moré4S-DUL) super precision bearings is used at the floating
accurately without the added expense of using tighter tolerancéocation. This spindle grinds surfaces that are accurate within
bearings and assembly parts. This can be accomplished H0006 mm (0.000025 in.), atand parallel, square within 0.0003 mm
selective assembly of the bearings, shafts and housings after thé{-000010 in.), to a surface nish of 5 rms, or better. The spindle,
are sized and sorted according to bores and outside diameterdliven by a 30 hp motor, operates at 900 RPM. Bearings are packed
Timken provides bore and O.D. micron coding as standard practiééth grease prior to assembly.

for super precision angular contact radial ball bearings. This
improved t-up at assembly helps to maximize spindle precision,

APPLICATION EXAMPLES

Detailed assembly drawings on the following pages ar
representative of successful applications of Tinfkesuper
precision ball bearings; high-cycle wheel heads; high-speed
internal grinding spindles; super precision workheads; and
high-speed router spindles. Contact your Timken representativad- 123. Ultra-precision surface-grinding spindle.
regarding any of your application problems.
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PRECISION SURFACE-GRINDING SPINDLE ensured and permit a straight housing bore. The rear pair of back-

This motorized surface-grinding spindle, operating at 3600 RI:,Ka-'back bearings |s. aII_owed.to oat in the housing. Lubrication is
ba/npressure-feed oil circulation.

uses 2MM9107WI-DUM (7007C-P4S-DUM )duplex super precisi
preloaded bearings at both locations, mounted back-to-back, with

one pair oating. Labyrinth slinger-type sealing prevents entry of i R
contaminants and seals in the grease lubrication. — ’

T 5 U

Fig. 126. Six-spindle automatic-screw machine.

HIGH-SPEED PRECISION-BORING HEAD

Fig. 124. Precision surface-grinding spindle. 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

HEAVY-DUTY PRECISION-BORING SPINDLE abuts and is clamped against the housing shoulder. The inboard

Super precision, duplexed, preloaded bearings mounted back-tbearing is permitted to move axially in its housing under spring

back are used at each location in this boring spindle to help ensulead. At the rear location, two spring-loaded bearings of the same

smooth performance and a high degree of radial and axial rigiditgize are allowed to oat in the housing as temperature differentials

Operating speeds vary between 200 and 3000 RPM. Equal-lerggfur in the operation spindle. With this head, interference shaft ts

spacers between the bearings at the workend increase spindlgay be permitted without affecting bearing preload. Excessive heat

rigidity. When the bearings are properly positioned on the shaft afgigneration is prevented, resulting in lower operating temperatures.
the respective rings securely clamped, the preload is reproduceBearings are grease lubricated.

and no subsequent adjustment is required. Just prior to assembly,

each bearing is packed with grease. !

yra }
I - —
54:»% i s
- - e e e 1 8 _
—r——"—"—"—"—9—1 P | [ S G v S 1 I N |
. 4 L4 [ ]

vom o

oL D @D
Fig. 125. Heavy-duty precision-boring spindle. Fig. 127. High-speed precision-boring head.

SIX-SPINDLE AUTOMATIC-SCREW MACHINE

This bearing arrangement meets the demand for a high-speed,
heavy-duty, multiple-spindle screw machine to operate with
constant accuracy at maximum production. Because of thawol
shaft construction and the short distance between bearings,
extra-light series duplex pairs are used at each location. This
affords a high degree of radial rigidity and adds stiffness to the
shaft. By mounting a duplex pair of anged (SMMF) (F-E-P4S)
bearings back-to-back with a duplexed pair of 2MM (C-P4S)
super precision bearings, accuracy and rigidity of the spindle are
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ULTRA-PRECISION GRINDING WORKHEAD SINGLE-BAR MACHINE

This workhead must maintain straightness and roundness accura@yis spindle is supported by two pairs of 2MM9124WI-DUM
within 0.00025 mm (0.000010 in.). To meet such rigid requiremen{g®@4 C-P4S-DUM) super precision bearings mounted back-to-back
extremely close dimensional control, ultra-precision ball bearings tandem pairs. Operating speeds vary from 78 to 1500 RPM. A pair
and a shaft of extra stiffness are used. The bearings for suaf2MM9122WI-DUM (7022C-P4S-DUM) bearings mounted in tandem
applications are manufactured to tolerances closer than thosearries a 11340 kg (25000 Ib.) thrust load during the unchucking
for ABEC 9 (ISO P2) speci cations. Equally important is the higberation. The bearings are grease packed prior to assembly.
degree of workmanship and accuracy in which the shaft, housing

and component parts of the workhead must be made. The upper
section shows a four-bearing arrangement for heavy work. The
lower half shows a two-bearing mounting for lighter work. Bearings

are packed with grease prior to mounting.

—

Fig. 128. Ultra-precision grinding workhead.

PRECISION TOOLROOM SURFACE
GRINDER SPINDLE

Timken duplexed, super precision, preloaded bearings used in this |
spindle provide a high degree of rigidity in both radial directions that
is necessary to meet modern surface grinding requirements. This
design provides more ef cient performance at a lower operating

temperature. The housing is bored straight through to assure true =

alignment; the housing shoulders are eliminated. The precision- — & +H_'_
ground outer sleeve is doweled to the housing to provide the means S —
for stabilizing the spindle axially at the workend bearing location.

The rear pair of bearings oats to compensate for thermal changes. WE“_/*

Bearings are grease lubricated prior to assembly.

Fig. 129. Precision toolroom surface grinder spindle.

Fig. 130. Single-bar machine.

100000 RPM HIGH-CYCLE WHEELHEAD

Super precision 2MMX9101WO-CR (WO7001C-T-P2 ) bearings
produced to ABEC 9 (ISO P2) tolerances are spring-loaded in this
wheelhead, which operates at 100000 RPM. Oil-mist lubrication is
employed and the motor is water cooled.

=

Fig. 131. 100000 RPM high-cycle wheelhead.
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PRECISION JIG-BORING SPINDLE PRECISION VERTICAL MILLING SPINDLE

This jig-boring spindle delivers extreme accuracy over a wide rangehis spindle operates at 12 different speeds ranging from 260 to
of speeds. It is supported with 2MM210WI-DUM (7210C-P4S-DUB2)0 RPM under a wide variety of conditions. At the workend, two
grease-lubricated super precision bearings. With this spindle, holeduplex pairs of Timken 2MM212WI-DUL (7212C-P4S-DUL) preloaded
located to an accuracy of 0.0025 mm (0.0001 in.) are bore-grobedrings are mounted in tandem in a back-to-back arrangement,
straight and to size limits of better than 0.005 mm (0.0002 in.). separated by spacers of equal length. This affords extremely high
radial and axial rigidity. At the center, a pair of 2MM210WI-DUL
(7210C-P4S-DUL ) bearings mounted back-to-back permits axial
oat of the spindle to compensate for thermal changes.

The driving pulley shaft is rigidly supported by a widely spaced
duplex pair of 2MM212WI-DUL (7212C-P4S-DUL ) preloaded
bearings. All bearings are grease packed.

Fig. 132. Precision jig-boring spindle.

SUPER PRECISION LATHE HEADSTOCK

This lathe spindle produces work held to a roundness of 0.0009 mm

(0.000035 in.). Maximum operating speed is 4800 RPM. A tandem
pair of 3MM9114WI-DUL (7014E-P4S-DUL) bearings is opposed
by a spring-loaded 3MM9113WI (7013E-P4S) bearing, resulting in

excellent spindle rigidity. Bearings are prelubricated with grease.
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Fig. 133. Super precision lathe headstock.

HIGH-SPEED MOTORIZED ROUTER =

A specially matched duplex pair of Timken 2MM210WI-DU-FS223
(7210C-P4S-DU-FS223 )super precision ball bearings, mourfed 135. Precision vertical milling spindle.
back-to-back at the workend, affords the necessary bearing rigidity

to permit routing through aluminum plate 25.400 mm (1.0000 in.)

thick with a single pass. The upper bearing is spring-loaded and

permitted to oat. The router is driven by a 30 hp motor at speeds

up to 15000 RPM and uses oil-mist lubrication.

e

Fig. 134. High-speed motorized router.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

SPINDLE BEARINGS
ULTRA-LIGHT ISO 19 SERIES ,
ning accuracy and performance meet ABEC 9 (ISO P2) levels.

R
2(3) MV/MM9300WI (71900C(E)'- : -'P4/P4J$>;r features conform to ABEC 7 (ISO P4) requirements.
HIGH PRECISION MV
Running accuracy, performance and dimensional controls WI'CONSTRUCTION
conform to ABEC 7 (ISO P4) requirements. Incorporates low shoulder on non-thrust side of outer rings.

SUPER PRECISION MM

Balls separated by one-piece cage piloted against a ground
thrust shoulder land of the outer ring.

Bearing 15 (C/2) Load Ratings 25 (E/3) Load Ratings
1\15un(1:l7§)r Ball Steel Ball Ceramic Ball Steel Ball Ceramic Ball
d D C | Qty. x|Bearing
or E
25 g/@) Bore | O.D. |Widthl) Dia. | Wt G ‘ C ‘ Speed | G Ce Speed | G C ‘ Speed | & @ Speed
Static ‘ DynamiﬂRatingNg Static | DynamicRatingNg) Static DynamiﬁRatingNQ Static | DynamigRatingNo)
mm mm mm mm kg N N N N N N N N
in. | in. | ino | in. | Ibs. | lbs. ‘ Ibs. ‘ RPM T ibs. | s | RPM [ jbs. | bs. ‘ RPM | 1ps. | 1ps. | RPM

9300w| 10 22 6 | 12x3.2 0010 1b4o bsm 77500 | 1460 | 3510 93000 15‘80 3380 69800 | 1410 3380
71900| 0.3937 0.8661 0.2362 | 12x o.oé 37b 790 77500 | 330 790 9300¢) 360 760 69800 320
9301w| 12 24 6 | 13x3.2 0.010 1b4o bego 67200 | 1640 | 3690 80640 17‘70 3550 66500 | 1580 3550
71901 04724 09449 0.2362 | 13x 003 410 830 67200 | 370 | 830 | 80640 400 800 60500 350
9302w| 15 28 7 | 13x3.6 0.020 2b7o kseso 55600 | 2110 | 4560 66720 22‘80 4360 50000 | 2030 4360
71902| 05906 1.1024 0.2756 | 13 x 0.04 53b 1030 55600 | 470 | 1030 66740 510 980 50000 460
9303wW| 17 30 7 | 14x36 0020 2boo }1970 50100 | 2500 | 4970 60120 26‘80 4740 45100 | 2380 4740
71903 0.6603 11811 0.2756 | 14x 004 630 1120 50100 | 560 | 1120| 60120 600 1070 45100 540
9304W| 20 37 9 | 15x4.8 0.040 4FBO boso 42100 | 4050 | 8080 50520 43‘60 7700 41600 | 3880 7700
71904| 0.7874 1.4567 0.3543 | 15x 0.0$ 10#0 1820 42100 | 910 | 1820 505#0 920 1730 |37900 870
9305W| 25 42 9 | 17x4.8 0.040 5&50 bo4o 34800 | 5120 | 9040 41760 5470 8590 31300 | 4860 8590
71905| 09843 1.6535 0.3543 | 17x 0.1¢ 12#0 2030 84800 | 1150 | 2030 417#0 1230 1930 [31300 1090
9306W| 30 47 9 | 19x4.8 0.050 6}510 b540 29700 | 5890 | 9540 35640 62‘70 9040 26700 | 5580 9040
71906| 11811 1.8504 0.3543 | 19 x 0.11 14#0 2150 29700 | 1320 | 2150 356}10 1410 (030 | 26700 1260
9307W| 35 55 10| 19x56 0.080 s#ozo #2600 25400 | 8020| 12600 30480 81@30 11600 [22900 | 7590 11600
71007| 13780 2.1654 0.3937 | 19x 0.1# 20#0 2830 25400 | 1800 | 2830 304*30 1920 680 |22900 1710
9308W| 40 62 12| 19x6.4 0.110 1#700 hﬁooo 22400 | 10400 16000 26880 1h100 15100 | 20200 9890 15100
71908| 15748 24409 0.4724 | 19 x ¥ 0.2$ 26%0 3600  P2400 | 2350 | 3600 268b0 2500 3400 | 20200 2220
9300W| 45 68 12| 21x6.4 0130 1#200 hasoo 20000 | 11700 16800 24000 1?500 15900 | 18000 11100 15900
71009| 17707 2.6772 D.4724 | 21x % 0.2$ 29#;0 3785  pO000 | 2640 | 3785 24obo 2810 3560 | 18000 2500
9310W| 50 72 12| 23x6.4 0.140 1+1600 h7600 18300 | 13000 17600 21960 1#800 16600 | 16500 12300 16600
71910| 19685 2.8346 0.4724 | 23x 0.3¢ 32?0 3950 18300 | 2930 | 3950 219#30 3100 [3730 | 16500 2760
9311W| 55 80 13| 23x7.1 0.190 1#500 blsoo 16600 | 16400 21800 19920 1?400 20600 | 14900 15500 20600
71011| 21654 3.1496 0.5118 | 23x 0.4# 413@0 4000 16600 | 3700 | 4900 199?0 3020 4620 |14900 3490
9312W| 60 85 13| 25x7.1 0.200 2b200 b2700 15300 | 18000 22700 18360 1?000 21400 | 13800 16900 21400
71912| 2362 3.3465 0.5118 | 25x 0.44 45%10 5100 15300 | 4040 | 5100 183#30 4270 4820 | 13800 3800
9313W| 65 90 13| 27x7.1 0.220 2)1900 bssoo 14200 | 19500 23600 17040 2b400 22200 | 12800 18100 22200
71913 25501 35433 0.5118 | 27x 047 4910 500 14200 | 4370 | 5290 17040 4580 4990 | 12800 4080

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2Fill weights based upon speci ¢ gravity of 0,99.

() is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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r
Rad(?

mm
in.
0.3
0.012
0.3
0.012
0.3
0.012
0.3
0.012
0.3
0.012
0.3
0.012
0.3
0.012
0.6
0.024
0.6
0.024
0.6
0.024
0.6
0.024
1.0
0.039
1.0
0.039
1.0
0.039

Suggested Shoulder Diameters

Shaft
Max. Min.
r_nm r_nm
n. n.
13.2 13.0
0.52 0.5
15.2 14.9
0.60 0.5
18.3 18.1
0.72 0.7
20.3 20.0
0.80 0.7
24.1 23.9
0.95 0.9
29.1 28.9
1.15 1.1
34.1 33.9
1.34 1.3
40.0 39.5
1.57 1.5
45.1 44.6
1.78 1.7
50.7 50.1
1.99 1.9
55.1 54.6
2.17 2.1
60.9 60.4
2.40 2.3
65.8 65.3
2.59 2.5
70.8 70.3
2.79 2.7

Housing
Max. Min.
mm r_nm
n. n.

19.6 19.

0i77
21.6 21,
0/85

255 25
100

275 27,
1/08

33.7 33

1i33

38.7 38

1/52
43.7 43,
172

51.1 50.

2|01

57.9 57,

2128

63.4 62,

2|50

67.9 67,

2167

75.2 74,

2|96

80.2 79.

3i16

85.2 84,

3i35

Shaft Diamete

Min.
r_nm
n.
10.000
0.39370
.000 1
0.47240
15,000 1
0.59060
.000 1
0.66930
20.000 1
0.78740
25,000 2
0.98430
30.000 2
1.18110
35,000 3
1.37800
40.000 3
1.57480
45,000 4
1.77170
50.000 4
1.96850
55,000 5
2.16540
60.000 5
2.36220
65,000 6
2.55910

Max.

mm
n.

12

17

r Mo

Loos
r_nm
n.
9.995
0.3935
1.995
0.4722
4.995
0.5904
6.995
0.6691
9.995
0.7872
4.995
0.9841
9.995
1.1809
4.995
1.3778
9.995
1.5746
4.995
1.7715
9.995
1.9683
4.995
2.1652
9.995
2.3620
4.995
2.5589

SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

‘ Fixed Floating

unting Fits I-Egl::tiirg)%gr%e Mounting Fits ?g?:tiir;gnaBrf})l;e
e Tiglﬁt Max. Min. Tiéht Loose Max. Min.

mm | mm | omn) mn | ogm ||
0.005 | 0.004 | 22005 22000 0000 0010 22010
0 000020 000015 |0.86630 0.86610 0.00000  0.00040
0.005 | 0.004| 24005 24000 0.000 0010  24.010
0 000020 0000015 |0.94510 094490 0.00000  0.00040
0.005 | 0.004| 28005 28000 0.000 0010  28.010
0 000020 000015 |1.02380 1.02360 0.00000  0.00040
0.005 | 0.004| 30.005 30.000 0.000 0.010  80.010
0 000020 0000015 |118130 118110 0.00000 0.00040
0.005 | 0.005| 37.006 37.000 0.000 0012  B37.010
0 000020 000020 |1.45700 145670 0.00000  0.00050
0.005 | 0.005| 42006 42000 0.000 0012 42010
0 000020 0000020 |165380 165350 0.00000 0.00050
0.005 | 0.005| 47.006 47.000 0.000 0012  47.012
0 000020 000020 |1.85070 1.85040 0.00000  0.00050
0.005 | 0.006| 55008 55000 0.000 0015 55012
0 000020 0000025 |2.16570 216540 0.00000 0.00060
0.005 | 0.006| 62008 62000 0.000 0015 62012
0 000020 000025 |2.44120 244090 0.00000  0.00060
0.005 | 0.006| 68008 68000 0.000 0015  68.012
0 000020 0000025 |2.67750 267720 0.00000 0.00060
0.005 | 0.006| 72008 72000 0.000 0015 72011
0 000020 000025 |2.83490 2.83460 0.00000  0.00060
0.005 | 0.007| 80.008 80.000 0.000 0.015  B0.012
0 000020 0000030 |3.4990 3.4960 0.00000  0.00060
0.005 | 0.007| 85008 85000 0.000 0016 85016
0 000020 000030 |3.34680 3.34650 0.00000  0.00060
0.005 | 0.007| 90.008 90.000 0.000  0.016  90.015
0 000020 000030 |3.54360 3.54330 0.00000  0.00060

Continued on next page.

Mounting Fits

oose
mm
in.
22.005
0.86650
24.005
0.94530
28.005
1.02400
30.005
1.18150
37.005
1.45710
42.005
1.65390
47.007
1.85090
55.007
2.16590
62.007
2.44140
68.007
2.67770
72.007
2.83510
80.008
3.15010
85.009
3.34710
90.007
3.54390

Loose

0.015
0.86630
0.015
0.94510
0.015
1.02380
0.015
1.18130
0.016
1.45690
0.016
1.65370
0.018
1.85070
0.019
2.16570
0.019
2.44120
0.019
2.67750
0.019
2.83490
0.020
3.14990
0.024
3.34680
0.023
3.54360
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SER$&Snued e BN
2(3)MV/MMO300WI (71900C(E)-...-P4IP4S)

HIGH PRECISION MV Running accuracy and performance meet ABEC 9 (ISO P2) levels.

Other features conform to ABEC 7 (ISO P4) requirements.
Running accuracy, performance and dimensional controls conform

to ABEC 7 (ISO P4) requirements. WI CONSTRUCTION
Incorporates low shoulder on non-thrust side of outer rings.

Balls separated by one-piece cage piloted against a ground
thrust shoulder land of the outer ring.

Bearing 15 (C/2) Load Ratings 25 (E/3) Load Ratings
]’?I;rgt;g Ball Steel Ball Ceramic Ball Steel Ball Ceramic Ball
or d D C Qty. x|Bearing
25 g/@| Bore | O.D. Width®) Dia. | Wt. G ‘ C Speed | G Ce Speed | G ‘ Ce ‘ Speed G C Speed
Static ‘Dynamic RatingN9) Static | DynamicRatingN9) Static ‘ DynamiﬁRatingNg Static | DynamigRatingNo)
mm mm mm mm kg N N N N N N N N
in. | . | i | in. | Ibs. | bs. ‘ bs. | RPM 1 s, | s, | RPM g, ‘ Ibs. ‘ RPM | ibs. | 1ps. | RPM

9314W| 70 100 16 24 x 8.7 0.340 ZPOOO 32000 13100 2580 32000 15#20 47300 30200 11800 24300 30200
71914 27559 3.9370 0.6299 | 24x 076 6510 7200 13100 | 5800 | 7200 15720 6130 6790 | 11800 5450
9315W| 75 105 16 25x8.7 0.860 3b300 32500 12300 2690 32500 l4k60 48400 30600 11100 25200 30600
71915 2.9528 4.1339 0.6299 | 25x 0.8¢ 6810 7310 12300 6060 7314 147#50 6380 6890 11100 5670
9316W| 80 110 16 27 x 8.7 0.8390 3?700 33800 11600 2910 33800 1SPZO 3‘0500 31900 10400 27100 31900
71916 3.1496 4.3307 0.6299 | 27 x 0.8$ 7350 7600 11600 6540 7604 139P0 6860 7170 10400 6100
9317W| 85 120 18 26 x9.5 0.560 3%500 38700 10800 3340 38700 12b60 #5000 36500 9700 31200 36500
71917 3.3465 4.7244 0.7087 | 26 x 1.2# 8440 8700 10800 7510 8700‘ 129#0 7880 8200 9700 7010
9318W| 90 125 18 26 x10.3 0.570 4}4000 45000 10300 39200 45000 14360 Z*1200 42400 9300 36700 42400
71918 3.5433 49213 0.7087 | 26 x 1.2¢ 9900 10100 10300 8810 lOlOb 12#60 9270 9540 9300 8250
9319WI| 95 130 18 28 x10.3 0.600 4}7400 46800 9800 4220 46800 11PGO 4‘4200 44100 8800 39300 44100
71919 3.7402 5.1181 0.7087 | 28 x 1.3?# 10700 10500 9800 9480 1050b 11'#60 9930 9910 8800 8840
9320WI| 100 140 20 29 x10.3 0850 48800 47200 9100 43400 47200 lC*QZO Z*5500 44400 8200 40500 44400
71920 3.9370 5.5118 0.7874 | 29 x 1.8* 11000 10600 9100 9760 lOﬁOb lO#ZO 10200 9900 8200 9100
9322WI| 110 150 20 31x010.3 0920 51?1700 48400 8400 46000 48400 14080 48200 45600 7600 42900 45600
71922 4.3307 5.9055 0.7874 | 31x 2.0# 11600 10900 8400 10300 109(#0 10b80 10800 10200 7600 9650
9324WI| 120 165 22 30x11.9 1240 #6900 62000 7700 59500 62000 9#40 6‘2300 58300 6900 55500 58300
71924 47244 6.4961 0.8661 | 30 x 2.741 15000 13900 7700 13400 13940 9440 14000 13100 6900 12500
9326WI| 130 180 24 30x 135 1,650 $6400 78500 7100 76900 78500 8$20 40500 73900 6400 71700 73900
71926 5.1181 7.0866 0.9449 | 30 x 3.6# 19400 17600 7100 17300 17640 8#20 18100 16600 6400 16100
9328WI| 140 190 24 32x 135 1750 #lGOO 80700 6600 81500 80700 7#20 8‘5400 76000 5900 76000 76000
71928 55118 7.4803 0.9449 | 32 x 3.8$ 20600 18200 6600 18300 18240 7#20 19200 17100 5900 17100
9330WI| 150 210 28 27 x 175 2,610 1}30800 119200 6200 116400 119200 ‘*440 i22700 112400 5600 109200 112401
71930 5.9055 8.2677 [1.1024 | 27 x 5.7$ 29400 26800 6200 26200 268(#0 7440 27600 25300 5600 24500
9332WI| 160 220 28 27 x 18.3 2/750 1}43100 128900 5800 127300 128900 ‘$QGO i34100 121600 5800 119300 12160
71932 6.2992 8.6614 1.1024 | 27 x 6.0($ 32200 29000 5800 28600 ZQOdO 6#60 30100 27300 5800 26800
9334W| 170 230 28 29x18.3 2880 1‘53600 133700 5500 136700 133700 ¢600 i43200 126000 5000 127500 126001
71934 6.6929 9.0551 [1.1024 | 29 x 6.34* 34500 30100 5500 30700 30lq0 6400 32200 28300 5000 28700
9340WI| 200 280 38 27 x 23.8 6,290 2}43300 209400 4600 216300 209400 $520 #28800 197500 4100 203600 19770(
71940 7.8740 11/0236 [1.4961 | 27 x 13#7 54600 47100 4600 48600 471b0 5#20 51400 44400 4100 45800

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(width tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2Fill weights based upon speci ¢ gravity of 0,99.

() is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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r
Rad(?)

mm

1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
15
0.059
15
0.059
2.0
0.079
2.0
0.079
2.0
0.079
21
0.083

Suggested Shoulder Diameters

Shaft
Max. Min.
mm mm
n. n.
76.8 76.3
3.02 3.00
81.9 81.1
3.22 3.19
86.9 86.1
3.42 3.39
93.6 92.8
3.69 3.66
97.8 97.0
3.85 3.82
102.8 102.0
4.05 4.02
110.3 109.5
4.34 431
120.3 119.5
4.74 4.71
131.2 130.4
5.16 5.13
142.1 141.4
5.60 5.57
152.1 151.4
5.99 5.96
163.1 162.4
6.42 6.39
173.2 172.4
6.82 6.79
185.4 184.7
7.30 7.27
216.8 216.0
8.54 8.51

<—C4>‘/r

SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

D
2]
Fixed
Housing Shaft Diameter ~ Mounting Fts'?g?:tiir:)%:r%e Mounting Fits '_égl::tiir:)?lfr%e
Max. Min. Max.‘ Min.| Loose Tight Max. Min. Tight Loose Max.
b I Il A T B Il O B I B
94.3 93,8 70‘.000 69.995 0.005 0.007 | 100.008 100.000 0.000 ¢.016
3|71 3.69 P.?SSQO 2.75570 0.00020 000030 |3.93730  3.93700 0.0bOOO
99.4 98,6 75‘.005 74.995 0.005 0.012 | 105.008 105.000 0J000 4}.016
391 3.88 P.95300 2.95260 0.00020 0.,00050 |4.13420 4.13390 0.0bOOO
1044 108.6 8¢.005 79.995 0.005 0.012| 110.008 110(000 0.000 ‘0.016
4/11 4.08 b.l4980 3.14940 0.00020 0.00050 |4.33100  4.330[70 0.0bOOO
1127 111.9 8#.005 84.995 0.005 0.012| 120.008 120,000 0.000 ‘0.016
4|44 4.41 b.34670 3.34630 0.00020 0.,00050 |4.72470 4.72440 0.0bOOO
118\5 11p.7 9#).005 89.995 0.005 0.013| 125.008 125/000 0.000 ‘0.017
4,66 4.63 b.54350 3.54310 0.00020 000050 |4.92160 4.92180 0.0bOOO
123.5 122.7 9#5.005 94.995 0.005 0.013 130.009 130.000 0.000 ‘0.018
4/86 4.83 b.74040 3.74000 0.00020 0.,00050 |5.11850, 5.11810 0.0bOOO
131.0 130.2 l¢0.005 99.995 0.005 0.013 140.009 140.000 0.000 ‘0.018
5|16 5.13 b.93720 3.93680 0.00020 0.00050 |5.51220 5.51180 0.0bOOO
141.0 140.2 110.005 109.995| 0.005 0.013 150.009 150.000 [0.000 ‘0.018
5|55 5.52 P.33090 4.33050 0.00020 0/00050 |5.90590 5.90550 0.0bOOO
155.0 154.3 li0.00S 119.995| 0.005 0.013 165.010 165.000 |0.000 ‘0.020
6,10 6.07 P.72460 4.72420 0.00020 0/00050 |6.49650/ 6.496/10 0.0bOOO
169.2 168.4 l$0.005 129.995| 0.005 0.015 180.010 180.000 |0.000 ‘0.020
6,66 6.63 F.11830 5.11790 0.00020 0.,00060 |7.08700 7.08660 0.0bOOO
179.2 178.4 14*10.005 139.995| 0.005 0.015 190.010 190.000 |0.000 ‘0.021
7|05 7.02 F.SIZOO 5.51160 0.00020 0.00060 |7.48070  7.48080 0.0bOOO
198.2 197.4 l$0.005 149.995| 0.005 0.015 210.011 210.000 |0.000 ‘0.022
7.80 w7 F.90570 5.90530 0.00020 000060 |8.26820/ 8.26770 0.0bOOO
208.2 207.4 l¢0.005 159.995| 0.005 0.015 220.011 220.000 |0.000 ‘0.022
8|20 8.17 %3.29940 6.29900 0.00020 0.00060 |8.66190  8.66140 0.0bOOO
216.1 2154 lJ(O.OOS 169.995| 0.005 0.015 230.011 230.000 |0.000 ‘0.022
8,51 8.48 b.69310 6.69270 0.00020 0.,00060 |9.05560, 9.055{10 0.0bOOO
264.5 263.7 2¢0.008 199.993| 0.007 0.019 280.013 280.000 |0.000 ‘0.026
10.41 10.38 ‘7.87430 7.87370 0.00030 0Q.00080 | 11.02410 11.02360 OlOOOOO

[0

[0

[0

[0

[0

[0

[0

[0

¢

[0

¢

[0

¢

[0

Floating

in.

mm

n.
100.018
.00060
105.019
.00060
110.018
.00060
120.018
.00060
125.021
.00070

.00070

.00070
150.02
.00070
165.02
.00080
180.02
.00080
190.02
.00080
210.02
.00090
220.02
.00090
230.02
.00090
280.03
0.00100

130.020

140.020

3

D

D

D

D

D

D

1

oose

Mounting Fits

mm
in.

100.010
3.93770
105.011
4.13460
110.010
4.33140
120.010
4.72510
125.011
4.92210
130.010
5.11890
140.010
5.51260
150.012
5.90640
165.012
6.49700
180.012
7.08750
190.012
7.48120
210.015
8.26870
220.015
8.66240
230.015
9.05610
280.018
11.02490

Loose

0.025
3.93740
0.026
4.13430
0.025
4.33110
0.025
4.72480
0.030
4.92170
0.029
5.11850
0.029
5.51220
0.032
5.90600
0.032
6.49660
0.032
7.08710
0.033
7.48080
0.036
8.26830
0.036
8.66200
0.036
9.05570
0.044
11.024
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

2MV/MM9300WI (71900E-...-P4/P4S)
DUPLEX PERFORMANCE DATA

‘ Preload Axial Stiffne$s Radial Stiffned® Spacer Offsetd)
Bearing
Number XE—)I%ﬁt Bgl;Jth ll\D/ILeJ(';A HDeLaJu'-/'y X-light Light Med. Heavy  X-light Light Med. Hea\)/(jll_i%mttt( L'i\%zé.to ’\ﬂli%vt;
‘ N N N N N/um N/um N/um N/um N/um N/um N/um N/um pm pm um
Ibs. Ibs. Ibs. Ibs. |1 Ibs./in| 1 Ibs./in| 1 Ibs./in| 1 Ibs./in| 1 Ibs./in| 1 Ibs./in| 1 Ibs./in.| 1 Ibs./in, in. in. in.

2MV/MM93OOWICR 15 25 55 14.17 16.44 21.69 29.21 73.11 92.17 115.43 1.30 2.80 4.10
71900C T P4/I#4S 3 6 12 0.081 0.094 0.124 0.167 0.418 0.527 01660 0.00005 0.00011
2MV/MM9301\4/ICR 15 25 55 14.87 17.32 22.74 30.61 76.96 97.42 121.91 1.00 2.50 4.10
71901C T P4/I#4S 3 6 12 0.085 0.099 0.130 0.175 0.440 0.557 01697 0.00004 0.00010
2MV/MM9302WICR 20 45 90 16.44 20.11 26.76 36.55 98.12 123.30 153.91 2.00 3.80 5.60
71902C T P4/I#4S 5 10 20 0.094 0.115 0.153 0.209 0.561 0.705 0.880 0.00008 0.00015
2MV/MM9303V+/ICR 20 65 130 17.84 21.86 34.63 47,75 107.91 154.96 192.74 1.80 6.40 6.40
71903C T P4/I#4S 5 15 30 0.102 0.125 0.198 0.273 0.617| 0.886 1.102 0.00007  0.00025
2MV/MM9304WICR 45 90 160 18.19 26.41 35.68 46,17 148,32 186.09 222.47 4.80 5.80 6.60
71904C T P4/I#4S 10 20 35 0.104 0.151 0.204 0.264 0.848 1.064 1.272 0.00019 0.00023
2MV/MM9305V+/ICR 45 110 180 20.64 29.56 43.90 54,57 168.78 228.24 265.15 4.30 7.40 5.30
71905C T P4/I#4S 10 25 40 0.118 0.169 0.251 0.312 0.965 1.305 1.516 0.00017 0.00029
2MV/MM9306WICR 45 110 180 22.04 31.48 46.52 57.89 181.55 246.08 286.14 4.10 6.90 5.10
71906C T P4/I#4S 10 25 40 0.126 0.180 0.266 0.331 1.038 1.407 1.636 0.00016  0.00027
2MV/MM9307WICR 45 110 240 25.36 33.06 48.27 68,74 189.42 258.68 333.53 3.00 6.60 9.10
71907C T P4/I#4S 10 25 55 0.145 0.189 0.276 0.393 1.083 1.479 1.907 0.00012  0.00026
2MV/MM9308WI® 65 160 31 27.28 39,00 55.44 76.08 146.16 229.12 304.68 380,76 4.80 7.60 9.4

71908C T P4/¢’4S 5 15 35 70 0.156 0.223 0.317 0.435 0,835 1.310 1.742 2.177 0.00019 0.0C
2MV/MM9309WI® 90 180 36 36.53 46,35 62.26 85.35 208.32 270.22 340.18 425,53 5.80 6.60 9.7
71909C T P4/I#4S 10 20 40 80 0.209 0.265 0.356 0.488 1.190 1.545 1.945 2.433 0.00023 0.0«
2MV/MM9310V+IIOR) 90 200 40 34.28 48,97 68.91 94.80 219.83 286.84 376.21 46996 5.10 7.60 9.7
71910C T P4/I#4S 10 20 45 90 0.196 0.280 0.394 0.542 1.255 1.640 2.151 2.687 0.0002  0.00
2MV/MM9311\/+IIC4¥) 110 240 490 38.83 5527 76.96 105.46 222.62 320.24 416.96 521.03 5.60 8.10 10

71911C T P4/I#4S 10 25 55 110 0.222 0.316 0.440 0.603 1.271 1.831 2.384 2.979 0.00022 0.0
2MV/MM9312V+IIOR) 110 240 510 43.73 58,24 80.63 112.64 233.31 338.08 441.10 559.51 4.60 7.60 10
71912C T P4/¢’4S 10 25 55 115 0.250 0.333 0.461 0.644 1.332 1.933 2.522 3.199 0.00018 0.0
2MV/MM9313V+/IC'R) 130 270 530 50.02 65,59 87.62 119.63 290.72 378.83 478.00 597.63 4.60 6.90 10
71913C T P4/I#4S 15 30 60 120 0.286 0.375 0.501 0.684 1.660 2.166 2.733 3.417 0.00018 0.0
2MV/MM9314WIW 180 360 710 49.67 69,44 98.05 127.50 283.26 416.61 525.40 656.75 6.90 8.60 13
71914C T P4/¢’4S 15 40 80 160 0.284 0.397 0.532 0.729 1.618 2.382 3.004 3.755 0.00027 0.0

(UFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

MOUNTING ARRANGEMENTS

DN 2 S

Back-to-Back Tandem Face-to-Face
DB DT DF
‘ Preload Axial Stiffne$s Radial Stiffned® Spacer Offsetd)

Bearing

Number | pyx| DUL | DUM| DUH
X-light Light | Med. | Heavy

. . . . X-light to Light to| Med. to
X-light Light Med. Heavy  X-light Light Med. HeaVyLight Med. = Heavy

‘ N N N N N/um N/um N/um N/um N/um N/um N/um N/um pm pm um

Ibs. Ibs. Ibs. Ibs. |1CIbs./in|1® Ibs./in|1® Ibs./in| 1¢ Ibs./in| 1® Ibs./in, 1& Ibs./in| 1® Ibs./in| 1® Ibs./in| in. in. in.
2MV/MM9315V+IIC9'¢) 180 380 760 53.17 7118 7. 77 134.15 328.58 427.81 550.94 688.58 6.10 9.40 13
71915C T P4/I#4S 20 40 85 170 0.304 0.407 0.559 0.767 1.876 2.446 3.150 3.937 0.00024 0.0
2MV/MM9316\4/IC% 200 400 800 57.89 7818 104.59 143.59 340.07 468.73 591.16 738.95 6.40 8.60 1c
71916C T P4/I#4S 20 45 90 180 0.331 0.447 0.598 0.821 1.942 2.680 3.380 4.225 0.00042 0.0

2MV/MM9317V+/IG.RO 270 530 1070 61.89 85.88 115.78 160.03 373.23 521.20 655.00 817.48 8.10 10.70 1
71917C T P4/I#4S 25 60 120 240 0.351 0.491 0.662 0.915 2.131 2.980 3.745 4.6/74 0.00032 0.0
2MV/M M9318\/+/ICLERO 270 530 1070 65.06 90.25 120.51 164.93 379.27 528.37 666.72 833.75 7.90 10.20 1
71918C T P4/|#4S 25 60 120 240 0.372 0.516 0.689 0.943 2.166 3.021 3.812 4.767 0.00031 0.0
2MV/MM9319V+/IGBO 290 580 1160 70.13 97.42 130.13 178.05 428.12 570.17 719.36 899.51 7.90 10.20 1
71919C T P4/¢’4S 30 65 130 260 0.401 0.557 0.744 1.018 2.445 3.260 4.113 5.143 0.00031 0.0
2MV/M M9320V+/ICLBO 360 710 1470 75.88 108.26 145.52 203.23 436.73 626.49 788.27 993.43 9.10 11.20 1
71920C T P4/|#4S 30 80 160 330 0.431 0.619 0.832 1.162 2.494 3.582 4.507 5.680 0.00036 0.0
2MV/IM M9322WIGBO 400 800 1600 88.15 125.75 169.48 234.19 511.47 681.41 856.84 1068.81 9.10 11.40 :
71922C T P4/¢’4S 40 90 180 360 0.504 0.719 0.969 1.839 2.921 3.896 4.899 6.111 0.00036 0.0
2MV/MM9324WIQBO 490 980 1960 91.81 130.59 175.36 241.16 537.94 752.94 947.08 1181.97 10.70 13.20
71924C T P4/|#4S 45 110 220 440 0.524 0.74 1.001 11377 3.072 4.305 5.415 6.758 0.00042 0.
2MV/MM9326WIQRO 620 1220 2450 106.69 150.06 201.48 280.36 577.30 846.52 1058.84  1322.07 13.00 14.20
71926C T P4/¢’4S 50 140 275 550 0.610 0.85¢ 1.152 1603 3.297 4.840 6.054 7.559 0.00051 0.C
2MV/MM9328V+/I(2RO 620 1250 2560 105.11 159.68 214.43 297.33 648.08 883.59 1112.54  1401.30 11.20 14.20
71928C T P4/I#4S 60 140 289 0.601 0.913 1.226 1.700 3.701 5.052 6.361 8.012 0,00044  0.00056
2MV/IM M9330V+/I(ZBO 850 1690 3450 107.62 163.29 218.65 302.49 626.95 954.95 1203.31  1512.71 16.80 18.00
71930C T P4/I#4S 65 190 380 775 0.615 0.932 1.249 1727 3.580 5.460 6.880 8.649 0.00066  0.C
2MV/M M9332\/+IIG189 980 1980 3960 131.90 173.60 234.10 322.10 791.24 1013.50 1281.00 1600.00 12.70 19.80
71932C T P4/|#4S 110 220 445 890 0.753 0.991 1.337 1.839 4.518 5.787 7.315 9.135 0.0005 0.
2MV/IM M9334V+/I(BBO 1020 2050 4000 122.06 184.37 R47.29 336.09 720.86 1085.95 136f.72 1696.36 17.50 19.30
71934C T P4/I#4S 80 230 460 900 0.697 1.053 1.412 11919 4.116 6.209 7.820 9.699 0.00069  0.C
2MV/M M9340\/+/IC7R8 1560 3110 6230 164.93 217.05 291.03 399.82 1006.20  1296,71 1634.27  2042.83 16.30 24.40
71940C T P4/¢’4S 175 350 700 1400 0.943 1.241 1.664 2.286 5.746 7.414 9.344 11,680 0.00064 O
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

3MV/MMO9300WI (71900C-...-P4/P4S)
DUPLEX PERFORMANCE DATA

Preload Axial Stiffne$8 Radial Stiffnedd Spacer Offsetd)

Bearing
Number DUX| DUL | DUM | DUH

it Xight | Light | Med. Heawy X-ight Light Med. Heaty dhttoLightto Med. to
X-light Light | Med. | Heavy

Light | Med. | Heavy

N N N N N/um N/um N/um N/um N/um N/um N/um N/um um um um
Ibs. Ibs. Ibs. lbs. |1®Ibs./in|1® Ibs./in| 10 Ibs./in1¢ Ibs./in| 1¢ Ibs./in| 1® Ibs./in,| 1F Ibs./in| 1® Ibs./in in. in. in.
3MV/MM9300WIGR 20 45 90 — 32.70 42.30 55/30 — 70.50 88.70 110.90 — 2,54 3.81
71900E-T-P4/P4S — 5 10 20 — 0.187 0.242 0.316 — 0.403 0.507 0.634 — 0.00010
3MV/MM9301WIGR 20 45 90 — 34.50 44.50 58.140 — 74.40 93.70 117.30 — 2.030 3.81
71901E-T-P4/P4S — 5 10 20 — 0.197 0.254 0.332 — 0.425 0.535 0.670 — 0.00008
3MV/MM9302WICGR 45 90 160 — 46.4( 60.20 75.20 — 96.90 121.60 145.20 — 3.30 4.06
71902E-T-P4/P4S — 10 20 35 — 0.265 0.344 0.43 — 0.554 0695 0.830 — 0.00013
3MV/MM9303WIEGR 45 130 240 — 50.70 77.00 98.60 — 106.50 152.50 184.50 — 5.59 5.08
71903E-T-P4/P4S — 10 30 55 — 0.290 0.440 0.564 — 0.609 0872 1.055 — 0.00022
3MV/MM9304WICGR 45 155 265 — 51.80 82.70 102.40 — 112.40 170.60 202.60 — 6.60 5.08
71904E-T-P4/P4S — 10 35 60 — 0.296 0.472 0.585 — 0.642 0i974 1.157 — 0.00026
3MV/MM9305WIGR 65 180 310 — 67.90 97.90 12p.40 — 146.70 202.90 242.80 — 5.33 4.83
71905E-T-P4/P4S — 15 40 70 — 0.388 0.560 0.70 — 0.889 1160 1.388 — 0.00021
3MV/MM9306WICGR 70 180 310 — 72.90 105/30 130.70 — 157.80 218.80 262.00 — 5.08 4.57
71906E-T-P4/P4S — 15 40 70 — 0.417 0.602 0.747 — 0.902 1251 1.498 — 0.00020
3MV/MM9307WIGR 90 240 42 67.10 84,60 123.30 152.50 141.29 182.80 255.70 304.90 2.32 5.84 5.

71907E-T-P4/P4S 10 20 55 95 0.383 0.484 0.705 0.872 0.807 1.045 1.462 1.743 0.00009 0.0
3MV/MM9308WIE&R 130 310 560 8141 101.80 139.40 174.90 169.34 218.80 289.80 349.30 2.87 5.84 6
71908E-T-P4/P4S 15 30 70 125 0.465 0.582 0.797 1.000 0.967 1.251 1.657 1.997 0.00011 0.0
3MV/MM9309WICR 160 360 670 96.15 114.70 156.20 199.70 200.56 246.30 323.90 396.30 2.49 5.84 6
71909E-T-P4/P4S 20 B 150 0.549 0.656 0893 1.142 1.145 1.408 1.852 2.266 0.00010  0.00023

3MV/MM9310WICR 160 400 670 101.98 121.50 174.60 210.90 212,51 261.50 357.80 419.60 2.35 6.60 5

71910E-T-P4/P4S 20 35 90 150 0.582 0.695 0.998 1.206 1.214 1.495 2.046 2.399 0.00009 0.0
3MV/MM9311WICR 200 490 850 105.30 138.70 193.80 239.80 218.94 294.50 396.30 472.60 3.60 6.86 6
71911E-T-P4/P4S 20 45 110 190 0.601 0.793 1.108 1,371 1.250 1.684 2.266 2.702 0.00014 0.C
3MV/MM9312WICGR 200 510 890 11147 146.70 207.60 257.50 230.00 311.10 425.40 508.40 3.41 6.86 6
71912E-T-P4/P4S 20 45 115 200 0.635 0.839 1.187 1472 1.313 1.779 2.432 2.907 0.00013 0.C
3MV/MM9313WICKD 220 530 1070 12638 159.70 221.20 290.00 263.42 339.30 454.40 599.20 3.08 6.60 ¢
71913E-T-P4/P4S 25 50 120 240 0.722 0.913 1.265 1,658 1.504 1.940 2.598 3.426 0.00012 0.C
3MV/MM9314WICB0 290 710 1290 131,95 171.60 239.40 301.70 275.56 366.40 494.80 599.20 4.06 8.13 ¢
71914E-T-P4/P4S 30 65 160 290 0.753 0.981 1.369 1,725 1.574 2.095 2.829 3.426 0.00016  0.C

(UFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

MOUNTING ARRANGEMENTS

21 T 7 T

Back-to-Back Tandem Face-to-Face
DB DT
‘ Preload Axial Stiffne$d Radial Stiffnesd Spacer Offsetd)

Bearing
Number DUX| DUL | DUM| DUH

o X-dight | Light | Med. Heavwy X-ight Light Med. Heaty/dnttoLightto Med. to
X-light Light | Med. | Heavy

Light | Med. | Heavy

N N N N N/pum N/um N/pum N/um N/pum N/um N/pum N/pum um um um
Ibs. Ibs. Ibs. Ibs. |1CIbs./in|1® Ibs./in| 1% Ibs./in| 1¢ Ibs./in| 1® Ibs./in, 1& Ibs./in| 1® Ibs./in| 1& Ibs./in| in. in. in.

3MV/MM9315WI¢% 310 760 1330 143,02 180.80 #51.30 313.40 300.14 385.70 518.80 622.80 3.81 8.13 ¢

71915E-T-P4/‘P4S 35 70 170 300 0.817 1.034 1.487 1,792 1.714 2.205 2.966 3.561 0.00015 0.C
3MV/MM9316WI¢ 330 800 1380 156107 194.80 #69.30 332.70 332.81 415.70 556.70 663.40 3.53 7.87 |
71916E-T-P4/‘P4S 40 75 180 310 0.891 1.114 1.540 1,902 1.901 2.377 3.183 3.793 0.00014 0.C
3MV/MM9317WIQE 470 1160 2000 167.43 235.80 #29.90 408.00 362.86 504.10 68210 814.20 4.64 9.65 !
71917E-T-P4/‘P4S 50 100 240 420 0.956 1.22# 1.705 2,126 2.072 2.642 3.528 4.221 0.00018  O.(
3MV/MM9318WIQE 400 930 1670 16656 212.70 #90.50 363.10 353.59 455.30 605.20 730.20 4.20 8.38 ¢
71918E-T—P4/‘P4S 50 90 210 375 0.951 l.21¢ 1.661 21076 2.019 2.603 3.460 4.175 0.00017 0.C
3MV/MM9319WIQE 470 1160 2000 181.36 235.80 #29.90 408.00 385.62 504.10 68210 814.20 4.67 9.65 !
71919E-T—P4/‘P4S 50 105 260 450 1.036 1.34# 1.886 2,333 2.202 2.882 3.900 4.655 0.00018  O.(
3MV/MM9320WIGE 600 1470 2560 208.89 264.30 #69.20 459.80 447.55 562.00 75470 901.40 4.87 10.92

71920E—T—P4/‘P4S 70 135 330 575 1.193 1.51# 2.111 2.629 2.556 3.213 4.315 5.154 0.00019  O.(
3MV/MM9322WIGM 670 1600 2780 223.48 286.50 #97.90 494.80 478.83 608.70 81210 968.60 5.21 10.92
71922E—T—P4/‘P4S 75 150 360 625 1.276 1.63#& 2.275 2.829 2.734 3.480 4.643 5.538 0.00021  0.(
3MV/MM9324WI@M 800 1960 3450 246.50 311.70 %121.30 543.90 517.55 663.70 89180 1069.20 5.68 12.19
71924E—T—P4/‘P4S 90 180 440 775 1.408 1.78# 2.409 3.110 2.955 3.795 5.099 6.113 0.00022  0.(
3MV/MM9326WI6E 1020 2450 4340 274.75 352.60 %88.30 611.50 589.82 751.20 1002.20  1198.90 6.50 13.46
71926E—T—P4/‘P4S 115 230 550 975 1.569 2.01‘6 2.792 3.496 3.368 4.295 5.730 6.855 0.00026 0.

3MVIMMO328WIEBD | 1070 2560 4450 290.81 37310 51680 | 64210 | 624.06 79540 106220 126850 | 6.41 1321
71928E-T-P4/PAS | 120 | B48 | 1000 1661 2130 2950 3660 | 3564 | 4549 6073 7253 000025 0.00052
3MV/MMO330WICED | 1450 3450 6000 31213 40110 55110 | 688.20 | 665.61 85460 114400 1363.00 | 819 1676
71930E-T-P4/PAS | 160 | 325 | 775 1350 1782 2296 3172 3039 | 3801 | 4886 | 6519 7793 000032 O
3MV/MMO332WIE6D | 1580 3950 6940 32801 41820 588.90 | 73410 | 70523 87650 121500 145570 | 8.32 1880
71932E-T-P4/PAS 180 | 355 | 890 1560 1873 2338 3363 4102 | 4027 | 5119 6943 8812 000033 O
3MVIMMO334WIEED | 1600 4000 6940 320.63 44000 61820 | 76040 | 70423 94430 128070 1510.00 | 920  18.29
71934E-T-P4/PAS | 180 | 360 | 900 1560 1882 2512 3530 4342 | 4021 | 5302 7.318 8674 000036 O
3MVIMMO340WICR0| 3110 6230 12460 41557  580.10 (75100 | 985.00 88810 1222100 1537.00 192040 | 14.97 1880
71940E-T-P4/PAS | 280 | 700 | 1400 2800 2373 3317 4204 5632 | 5071 | 6987 8788  10.980  0.00059

I
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

2MV/MM9300WI (71900C-...-P4/P4S)
SPEED CAPABILITY DATA

Grease Capacify Operating Speeés (DB Mounting))
Fafnir Bearin el i i
s 9 1SO Bearing Low Speetd High Spee@® Grease oil
umber Number
25% 40% 10% 15% DUL DUM DUH D#L DFM DUH
grams grams grams grams RPM RPM RPM RPM ‘ RPM‘ RPM
2MV/MM9300WICR 71900C:T-PAPAS 0.15 0.04 0.06 62000 46500 31000 10F4OO ‘79100 52700
2MV/MM9301WICR 71901C:T-PORAS 0.17 0.05 0.07 53800 40300 26900 91\500 *58500 45700
2MV/MM9302WICR 71902C:T-PARZS 0.28 0.08 0.12 44500 33400 22200 7#700 456800 37700
2MV/MM9303WICR 71903C:T-P4RAS 0.30 0.08 0.12 40100 30100 20000 64200 #31200 34000
2MV/MM9304WICR 71904C:T-PAORAS 0.60 0.17 0.25 33700 25300 16800 51300 %13000 28600
2MV/MM9305WICR 71905C:T-P4QR4S 0.70 0.20 0.29 27800 20900 13900 4#300 #5500 23600
2MV/MM9306WICR 71906C:T-PABAS 0.80 0.23 0.34 23800 17800 11900 44500 #0300 20200
2MV/MM9307WICR 71907C:T-PARBAS 1.20 0.34 0.51 20300 15200 10200 34}500 #25800 17300
2MV/MM9308WICR 71908C:T-P4/RAS 1.90 0.54 0.80 17900 13400 9000 SOPOO éZSOO 15300
2MV/MM9309WICR 71909C:T-P4/BaS 2.10 0.59 0.88 16000 12000 8000 27?00 é0400 13600
2MV/MM9310WICR 71910C-T-vP49 2.30 0.64 0.95 14600 11000 7300 24POO i8700 12400
2MV/MM9311WICR 71911C:T-P4/PAS 3.00 0.85 1.30 13300 10000 6600 22#‘)00 i7000 11200
2MV/MM9312WICR 71912C:T-P2PRAS 3.20 0.90 1.40 12200 9200 6100 ZOJ(OO 145600 10400
2MV/MM9313WICR 71913C:T-P2R4S 3.40 0.95 1.40 11400 8500 5700 19‘#00 1‘4500 9700
2MV/MM9314WICR 71914C:T-PABAS 5.70 1.60 2.40 10500 7900 5200 l7$00 1‘3400 8800
2MV/MM9315WICR 71915C:T-PARBAS 6.10 1.70 2.50 9800 7400 4900 16%00 1?600 8300
2MV/MM9316WICR 71916C:T-P4/PAS 6.40 1.75 2.70 9300 7000 4600 15#00 1#900 7800
2MV/MM9317WICR 71917C:T-P&RBAS 8.60 2.40 3.60 8600 6500 4300 14400 1#100 7300
2MV/MM9318WICR 71918C:T-PARAS 9.40 2.60 3.90 8200 6200 4100 135400 1b500 7000
2MV/MM9319WICR 71919C:T-P4RAS 9.70 2.70 4.10 7800 5900 3900 131#00 1b000 6600
2MV/MM9320WICR 71920C:T-PA/BAS 12.00 3.35 5.00 7300 5500 3600 12400 4400 6100
2MV/MM9322WICR 71922C:T-P4RAS 13.00 3.65 5.40 6700 5000 3400 11400 4500 5800
2MV/MM9324WICR 71924C:T-PAP1G 17.80 4.95 7.40 6200 4600 3100 lOéOO 1800 5300
2MV/MM9326WICR 71926C:T-PA/P8® 23.30 6.50 9.70 5700 4300 2800 974)0 7?00 4800
2MV/MM9328WICR 71928C:T-PAR3® 24.80 6.90 10.40 5300 4000 2600 90<D0 BFOO 4400
2MV/MM9330WICR 71930C:T-P2/P8% 39.70 11.05 16.60 5000 3700 2500 854)0 6#00 4300
2MV/MM9332WICR 71932C:T-P2672% 41.90 11.65 17.50 4600 3500 2300 79¢0 5POO 3900
2MV/MM9334WICR 71934C:T-P2822% 45.20 12.55 18.90 4400 3300 2200 75¢0 5%}00 3700
2MV/MM9340WICR 71940C:T-PBEEG 90.90 25.30 37.90 3700 2800 1800 63¢)0 4%00 3100

(UFill weights based on speci c gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(SFor other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

3MV/MM9300WI (71900E-...-P4/P4S)
SPEED CAPABILITY DATA

‘ Grease Capacify Operating Speeff8 (DB Mounting))
i . Timken . .
Falilm Bt()eanng ISO Bearing Low Speet? High Spee® Grease oil
ooty Number
‘ 25% 40% 10% 15% DUL DUM DUF D*L D#JM DUH
grams grams grams grams RPM RPM RPM ‘ RPM ‘ RPM‘ RPM

3MV/MMO300WICR 71900 T-PAOIRAS 0.15 0.06 008 55800 41850 27900 94860 71190 47430
3MVIMME30LWICR  71901E-T-PORAS 0.17 0.07 010 48420 36270 24210 82350 61650 41130
3MV/MMO302WICR  71902ET-PARAS 0.28 0.12 015 40050 30060 19980 68130 51120 33930
3MV/MMO303WICR  71903E{T-PAIRAS 0.30 0.12 016 36090 27090 18000 61380 46080 30600
3MVIMMO304WICR  71904E-T-PAOIRAS 0.60 0.25 034 30330 22770 15120 51570 38700 25740
3MVIMME305WICR  71905E-T-PAIRAS 0.70 0.29 039 25020 18810 12510 42570 81950 21240
3MV/MMO306WICR  71906ET-PABAS 0.80 0.34 045 21420 16020 10710 36450 27270 18180
3MV/MMO307WICR  71907E-T-PAIRAS 1.20 0.51 068 18270 13680 9180 31050 23220 15570
3MVIMMO308WICR  71908E-T-PAIRAS 1.90 0.80 107 16110 12060 8100 27860 20520 3770
3MVIMME30SWICR  71909E-T-PAIRAS 2.10 0.88 118 14400 10800 7200 24480 18360 12240
3MV/MMO310WICR  71910ET-PAIRES 2.30 0.95 127| 13140 9900 6570 22320 16830 11160
3MV/MMO31IWICR  71911E{T-PAIBAS 3.00 1.30 170, 11970 9000 5940 20340 15300 10080
3MVIMME312WICR  71912E-T-PAIRAS 3.20 1.40 1.80, 10980 8280 5490 18630 14040 9360
3MVIMME313WICR  71913E-T-PAIRAS 3.40 1.40 1.90 10260 7650 5130 17460 13050 8730
3MV/MMO314WICR  71914E{T-PARAS 5.70 2.40 320 9450 7110 4680 16110 12060 7920
3MV/MMO315WICR  71915ET-PARAS 6.10 2,50 340 8820 6660 4410 15030 11340 7470
3MVIMMOB16WICR  71916E-T-PAIRAS 6.40 2.70 350 8370 6300 4140 14220 10710 7020
3MVIMMEBL7TWICR  71917E-T-PEIRAS 8.60 3.60 480 7740 5850 3870 13140 9990 6570
3MV/MMO318WICR  71918E{T-PARAS 9.40 3.90 520 7380 5580 3690 12510 9450 6300
3MV/MMO319WICR  71919ET-PARAS 9.70 4.10 5.40 7020 5310 3510 11970 9000 5940
3MVIMMO320WICR  71920E-T-PAIBAS 12.00 5.00 670 6570 4950 3240 11160 8460 5490
3MVIMMO322WICR  71922E-T-PERAS 13.00 5.40 730 6030 4500 3060 10260 7650 5220
3VMV/MMO324WICR  71924E(T-PAIRIS 17.80 7.40 990 5580 4140 2790 9450 7020 4770
3MVIMMI326WICR  71926ET-PA/RES 23.30 9.70 13.00 5130 3870 2520 8730 6570 4320
3MVIMMO328WICR  71928E-T-PAfR8S 24.80 10.40 13.80 4770 3600 2340 8100 6120 3960
3MV/MMO330WICR  71930E-T-P2/Pas 39.70 16.60 2210 4500 3330 2250 7650 5670 3870
3MV/MMO332WICR  71932E-T-P2f?aS 41.90 17.50 2330 4140 3150 2070 7110 5810 3510
3MVIMMO334WICR  71934ET-P2R2S 45.20 18.90 2510 3960 2970 1080 6750 5040 3330
3MVIMMIB4OWICR  71940E(T-PEfEs 90.90 37.90 50.60 3330 2520 1620 5670 4230 2790

(Fill weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

GFor other mounting arrangement con gurations, refer to the engineering section on speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT 1SO 19 SERIES WN CONSTRUCTION
2(3)MMV93OOHX (HX71900C(E)-...-P4S) Incorporates low shoulder on non-thrust side of both inner
SUPER PRECISION MMV and outer rings.

Balls separated by one-piece cage piloted against a ground

Running accuracy and performance meet ABEC 9 (ISO P2) Ievels,[hrust shoulder land of the outer ring.

Other features conform to ABEC 7 (ISO P4) requirements.
HIGH-SPEED SEAL OPTION

Available with non-contact seals. Add VV suf x to part number (in
place of CR cage designation). Ex: 2MMV9106HXVV SUL.

- 15 (C/2) Load Ratings 25 (E/3) Load Ratings
earing
1\‘5”"(‘:?;)’ Bal Steel Ball Ceramic Ball Steel Ball ‘ Ceramic Ball
or d D C Qty. x | Bearing
25 E/@# | Bore | O.D. | WidthD)| Dia. Wt. G ‘ G ‘ Speed | G C | Speed| G G ‘ Speed ‘ G G Speed
Static ‘ DynamiﬁRatingNg Static |DynamicRatingN9) Static DynamiﬁRatingNgw Static | DynamicRatingN9)
mm mm mm mm kg N N N N N N N N
in. | in. | in. | in. | Ibs. | Ibs. ‘ Ibs. ‘ RPM | lbs. | tbs. | RPM | ips. | s, ‘ RPM ‘ lbs. | Ibs. | RPM
9300HX 10 22 6 | 13x24 0010 534 1468 (91700 | 489 | 1468| 110040 534 1379 82500 | 489 1379
HX71900 03937 0.8661 |0.2362| 13x 002 120 330 91700 | 110 | 330 110040 120 (310 |82500 110
9301HX 12 24 6 | 14x24 0010 610 1500 (80000 | 540 | 1500 96000 580 1420 72000 |520 1420
HX71901 0.4724 09449 02362 14x 003 140 340 80000 | 120 | 340 96000 130 820  [72000 120
9302HX 15 28 7 | 16x28 0020 979 2001 [66800 | 890 | 2091 80160 890 2046 60100 | 801 2046
HX71902 05906 11024 |0.2756 16X 004 220 470 66800 | 200 | 470 80160 200 460 60100 180
9303HX 17 30 7 | 17x28 0020 1023 2224 |60400 | 934 | 2224 72480 979 2001 54400 | 890 2091
HX71903 0.6693 11811 |0.2756| 17x 004 280 500 60400 | 210 | 500| 72480 220 470 54400 200
9304HX 20 37 o | 17x36 0040 1690 8514 (50200 | 1512| 3514 60240 1601 3336 45200 | 1423 3336
HX71904 07874 14567 |0.3543| 17x 008 380 790 50200 | 340 | 790, 60240 360 750 45200 320
9305HX 25 42 O | 20x36 0040 2020 B460 (41800 | 1800| 3460 50160 1913 3603 37600 | 1735 3603
HX71905 09843 1,6535 |0.3543| 20x 010 450 780 41800 | 400 | 780 50160 430  B10 37600 390
9306HX 30 47 o | 23x36 0050 2402 4048 (35000 | 2135| 4048 43080 2224 3825 32300 | 1957 3825
HX71906 1.1811 18504 |0.3543| 23x 041 540 910 35000 | 480 | 910, 43080 500  B60 32300 440
9307HX 35 55 10| 25x40 0080 3158 5115 30500 | 2847 5115 36600 2980 4804 27500 | 2624 4804
HX71907 1.3780 21654 |0.3937| 25x 018 710 1150 (30500 | 640 | 1150 36600 670 1080 | 27500 590
9308HX 40 62 12| 19x64 0110 6005 10675 28000 | 5338 10675 33600 5693 10007 |25200 | 5071 10097
HX71908 15748 24400 |04724| 19x% 025 1350 2400 | 28000 1200 2400 33600 1280 | 2270 | 25200 1140
9309HX 45 68 12| 21x64 0130 6716 11164 25000 6005 1114 30000 6405 10586 |22500 | 5693 10586
HX71900 17717 26772 |04724| 21x% 029 1510 2510 | 25000 1350 2510 30000 1440 | 2380 | 22500 1280
9310HX 50 72 12| 23x6.4 0140 7473 11698 22900 | 6672 11698 27480 7072 11031 |20600 | 6405 11031
HX71910 19685 28346 |04724| 23x% 030 1680 12630 | 22000 1500 2630 27480 1590 | 2480 | 20600 1440
9311HX 55 80 13| 23x7.1 0490 9430 14500 20700 | 8407 14500 24840 8896 13700 |18600 | 7917 13700
HX71911 2.1654 31496 |05118| 23x 039 2120 3260 20700 | 1890 3260 24840 2000 | 3080 | 18600 1780
9312HX 60 85 13| 25x7.1 0200 10319 15123 | 10200| 9207 15123 23040 9697 14278 |17300 | 8629 14278
HX71912 23622 33465 |0.5118| 25x 043 2320 3400 10200 | 2070 3400 23040 2180 | 3210 | 17300 1940
9313HX 65 90 13| 27x7.1 0220 11164 15701 |17800| 9919 15701 21360 10400 (14800 | 16000| 9250 14800
HX71913 25591 35433 |05118| 27x 045 2510 3530 |17800 | 2230 3530 21860 2340 | 3320 | 16000 2080

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2Fill weights based upon speci ¢ gravity of 0,99.

()X is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

D
1
Suggested Shoulder Diameters ‘ FIXED FLOATING

y 2) Shaft Housin Shaft Diamete Mounting Fit: LI Lo Mounting Fits I T ‘ Mounting Fits

Ra 9 9 (Stationary) 9 (Stationary) ‘ 9
Max. Min. Max. Min. Max. Min. Loose T|gh}t Max. Min. Tig}wt Loose M% l\)ﬁ Loose Loose

mm mm mm mm mm mm mm mm m mm mm mm mm

in. in. in. in. in. in. in. in. in. in. in. |n in.

03 | 132 130 196 193 10000 9995 |0.005 | 0004 22005 22.000  0.000 o\.01o #2.010 22005 0.015
0012 052 051 077 076  0.39370  0.39350 o.odozo 0/00015 |0.86630 086610 0.00000 0.00040 | 0.86650 0.86630
03 | 152 148 216 213 12000 11.995 |0.005 | 0.004| 24005 24000 0.000 0010 24010 | 24005 0.015
0012| 060 059 085  0.84 047240 | 047220 000020 000015 |0.94510 0.94490 0.00000 0.00040 | 0.94530 0.94510
03 | 183 181 255 252 15000 14.995 |0.005 | 0.004| 28005 28000 0.000 0010 28010 | 28005 0.015
0012| 072 071 100 099 059060 | 059040 000020 000015 |1.02380 1.02360 0.00000 0.00040 | 102400 1.02380
03 | 203 200 275 272 17000 16.995 |0.005 | 0.004| 30.005 30.000 0.000 0.010 B80.010 | 30.005 0.015
0012| 080 079 108  1.07 066930 | 066910 000020 000015 118130 118110 0.00000 0.00040 | 1.18150 1.18130
03 | 241 238 337 334 20000 19.995 |0.005 | 0.005| 37.006 37.000 0.000 0012 B7.010 | 37.005 0.016
0012| 095 094 133 132 078740 078720 000020 000020 |145700 145670 0.00000 0.00050 | 1.45710  1.45690
03 | 201 289 387 384 25000 24995 |0.005 | 0.005| 42006 42000 0.000 0012 42010 | 42005 0.016
0012| 115 114 152 151 098430 | 098410 000020 000020 |1.65380 165350 0.00000 0.00050 | 1.65390 1.65370
03 | 341 338 437 434 30000 29.995 |0.005 | 0.005| 47.006 47.000 0.000 0012 47.012 | 47.007 0.018
0012| 134 133 172 L71 118110 118090 000020 000020 |1.85070 185040 0.00000 0.00050 | 1.85090 1.85070
06 | 400 395 511 506 35000 34995 |0.005 | 0.006| 55008 55000 0.000 0015 55012 | 55007  0.019
0024| 157 155 201  1.99 137800 | 137780 000020 000025 |2.16570 2.16540 0.00000 0.00060 | 2.16500 2.16570
06 | 451 446 579 574 40000 39.995 |0.005 | 0.006| 62008 62000 0.000 0015 62012 | 62007 0.019
0024| 178 176 2028 226 157480 157460 o.odozo 0.00025 2.44120‘ 2.44000 o.obooo d).oooeo 244140 2.44120
06 | 507 501 634 629 45000 44.995 |0.005 | 0.006| 68008 68.000 0.000 0015 68012 | 68.007  0.019
0024| 199 197 250 248 177170 | 177150 000020 000025 |2.67750 267720 0.00000 0.00060 | 2.67770 2.67750
06 | 551 546 679 674 50000 49.995 |0.005 | 0.006| 72008 72000 0.000 0015 72011 | 72007 0.019
0024| 217 215 267 265 196850 | 196830 000020 000025 |2.83490 283460 0.00000 0.00060 | 2.83510 2.83490
10 | 609| 604 752 747 55000 54995 |0005 | 0007 80.008 80.000 0000 0015 B0.012 | 80.008  0.020
0039| 240 238 296 204 216540 | 216520 000020 000030 |3.14990 3.14960 0.00000 0.00060 | 3.15010  3.14990
10 | 658 653 802 797 60000 50995 |0005 | 0007 85008 85000 0000 0016 85016 | 85009  0.024
0030| 259 257 316  B14 236220 236200 000020 000030 |3.34680 3.34650 0.00000 0.00060 | 3.34710 3.34680
10 | 708 703 852 847 65000 64995 |0005 | 0007 90.008 90.000 0000 0016 90.015 | 90.007  0.023
0038 279 277 335  B8.33 255010 255890 000020 000030 |3.54360 3.54330 0.00000 0.00060 & 3.54390 354360

Continued on next page.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERlbo&inued WN CONSTRUCTION

2(3)|\/||\/|V9300HX (HX?]_QOOC(E)-___-P4S) Incorporates low shoulder on non-thrust side of both inner
SUPER PRECISION MMV and outer rings.

Balls separated by one-piece cage piloted against a ground

Running accuracy and performance meet ABEC 9 (ISO P2) Ievelsthrust shoulder land of the outer ring.

Other features conform to ABEC 7 (ISO P4) requirements.
HIGH-SPEED SEAL OPTION

Available with non-contact seals. Add VV suf x to part number (in
place of CR cage designation). Ex: 2MMV9106HXVV SUL.

Bearing 15 (C/2) Load Ratings ‘ 25 (E/3) Load Ratings
e Bal Steel Ball Ceramic Ball ‘ Steel Ball Ceramic Ball
or d D C Qty. x | Bearing
25 E/@ | Bore | O.D. |Widthd| Dia. Wi. G ‘ G Speed | G G Speed ‘ G ‘ G ‘ Speed | G (3 Speed
Static ‘ DynamicRating\d9) Static | Dynamic RatingNéﬂ Static ‘ Dynami?RatingNg Static | DynamicRatingN9)
L ‘ bs. | RPM | g5, | ibs. | RPM ‘ Ibs. ‘ Ibs. ‘ RPM | o | ihs. | RPM
9314H 70 100 16 24 x 8.7 0.340 1}4767 21306 | 16400| 13166 213b6 14680 ﬂ3922 20105 | 14800/ 12365 20105
HX71914 2.7559  3/9370 [0.6299| 24 x O.‘*S 3820 4790 16400 296d 475*0 14680 3130 4520 14800 2780
9315H 75 105 16 25x8.7 0.360 1}4300 15100 | 15400| 12700 lSlbO 18‘480 ﬂ4500 20416 | 13900/ 12899 20416
HX71915 2.9528 4/1339 [0.6299| 25x O.$O 3210 3400 15400 286d 3440 14480 3260 4590 13900 2900
9316H 80 110 16 27 x8.7 0.390 1}6680 22507 | 14500| 14856 225b7 17‘400 ﬂ5568 21217 | 13100 13833 21217
HX71916 3.1496 43307 [0.6299| 27x O.$O 3750 5060 14500 334d 5040 1%400 3500 4770 13100 3110
9317H 85 120 18 26x9.5 0.560 1}9171 25754 | 13500| 17036 257#4 14200 ﬂ7836 24242 | 12200, 15879 24242
HX71917 3.3465 4,7244 |0.7087| 26x l.]k 4310 5790 13500 3830‘ 575%0 16‘200 4010 5450 12200 3570
9318H 90 125 18 26 x10.3 0.570 #2462 29935 | 12900, 19972 29435 15*480 #0995 28200 | 11600 18682 28200
HX71918 3.5433 4/9213 |0.7087| 26X 1#0 5050 6730 12900 4490{ 675*0 lq480 4720 6340 11600 4200
9320HX 100 140 20 29 x10.3 0.850 #4864 31403 | 11400 22151 31403 1#680 #3174 29535 9900 20639 29535
HX71920 3.9370 5/5118 |0.7874| 29X 1#0 5590 7060 11400 4980{ 7040 1#680 5210 6640 10000 4640
9322HX 110 150 20 31x10.3 0.920 #6377 32204 | 10500 23485 32#04 1#600 #4597 30291 9500 21884 30291
HX71922 4.3307 5/9055 |0.7874| 31x 1.#}2 5930 7240 10500 5280{ 7240 14600 5530 6810 9500 4920
9324HX 120 165 22 30x11.9 1,240 #4161 41277 9600 30424 41477 1]L520 2#1803 38831 8600 28334 38831
HX71924 4.7244 6/4961 |0.8661| 30X 2.$0 7680 9280 9600 6840‘ 928b 11#20 7150 8730 8600 6370
9328HX 140 190 24 32x 135 1750 46704 53821 8300 41544 53421 9#60 43501 50707 7500 38742 50707
HX71928 5.5118 7.4803 |0.9449| 32X 3.4}5 10500 12100 8300 934(.# 121\00 4960 9780 11400 7500 8710

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(Fill weights based upon speci ¢ gravity of 0,99.

() is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

D
"od
Suggested Shoulder Diameters FIXED FLOATING

y 2) Shaft Housin Shaft Diameter, Mounting Fits b @ (STt Mounting Fits HOVEI eI Mounting Fits

Rad 9 9FS  (Stationary) 9 (Stationary) 9
Max. Min. Max. Min. Max. ‘ Min. Loose Tight Max. Min. Tight Loose M%x. in. Loose Loose

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.

1.0 76.8 76.3 94.3 9318 70‘.000 69.995 0.005 0.007 | 100.008 100.000 0/000 4).016 100.018 | 100.010 0.025
0.039 3.02 3.00 371 3.69 ?.75590 2.75570 0.00020 0.00030 |3.93730  3.93700 0.0bOOO 0.00060 | 3.93770 3.93740
1.0 81.9 81.1 99.4 986 75‘.005 74.995 0.005 0.012 | 105.008 105.000 0/000 4).016 105.019 | 105.011 0.026
0.039 3.22 3.19 391 3.88 ?.95300 2.95260 0.00020 0.00050 |4.13420 4.13390 0.0bOOO 0.00060 | 4.13460 4.13430
1.0 86.9 86.1 104}4 108.6 8(#005 79.995 0.005 0.012| 110.008 110000 0.000 ‘0.016 110.018, 110.010 0.025
0.039 3.42 3.39 4/11 4.08 P.l4980 3.14940 0.00020 0.00050 |4.33100  4.330[70 0.0bOOO 0.00060 | 4.33140 4.33110
1.0 93.6 92.8 112[7 111.9 8$.005 84.995 0.005 0.012| 120.008 120000 0.000 ‘0.016 120.018| 120.010 0.025
0.039 3.69 3.66 4,44 4.41 P.34670 3.34630 0.00020 0.00050 |4.72470 4.72440 0.0bOOO 0.00060 | 4.72510 4.72480
1.0 97.8 97.0 118/5 11p.7 9(#005 89.995 0.005 0.013| 125.008 125000 0.000 ‘0.017 125.021| 125.011 0.030
0.039 3.85 3.82 4|66 4.63 P.54350 3.54310 0.00020 0.00050 |4.92160 4.92180 0.0bOOO 0.00070 | 4.92210 4.92170
1.0 110.3 109.5 131.0 130.2 14)0.005 99.995 | 0.005 0.013  140.009 140.000 0.000 ‘ 0.018 | 140.020 140.010 0.029
0.039 4.34 4.31 5/16 5.13 P.93720 3.93680 0.00020 0.00050 |5.51220 5.51180 0.0bOOO 0.00070 | 5.51260 5.51220
1.0 120.3 119.5 141.0 140.2 1*0.005 109.995| 0.005 0.013 150.009 150.000 |0.000 ‘ 0.018 | 150.023 150.012 0.032

0.039 4.74 4.7 55 5.52 P.33090 4.33050 0.00020 0/00050 |5.90590/ 5.90550 0.0bOOO 0.00070 | 5.90640 5.90600

[
()]

1.0 131.2 130.4 155.0 154.3 1#0.005 119.995| 0.005 0.013 165.010 165.000 |0.000 ‘ 0.020 | 165.022 165.012 0.032
0.039 5.16 5.13 6/10 6.07 P.72460 4.72420 0.00020 0/00050 |6.49650/ 6.496[10 0.0bOOO 0.00080 | 6.49700 6.49660
15 152.1 151.4 179.2 178.4 1410.005 139.995| 0.005 0.015 190.010 190.000 |0.000 ‘ 0.021 | 190.022 190.012 0.033

0.059 5.99 5.96 7,05 7.02 F.51200 5.51160 0.00020 0,00060 |7.48070  7.48030 0.0b000 0.00080 | 7.48120 7.48080
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

2MMV9300HX (HX71900C-...-P4S)
DUPLEX PERFORMANCE DATA

‘ Preload Axial Stiffnesd Radial Stiffned®) Spacer Offsetd)
Bearing
Number I?;rl;t MZS:\Sm HZL;Uy Light Medium Heavy Light Mediun Heavy L,i\%lé.to hf_'eeda'v?
‘ N N N N/pum N/pum N/pum N/pum N/pum N/pum pm pum
Ibs. Ibs. Ibs. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. in. in.
2MMV93OOHXdR 9 25 55 10.20 15.60 21.00 61.00 88.50 110.80 5.60 5.60
HX719OOC-T-P4S 2 6 12 .058 0.089 0.120 0.349 0.506 0.634 0.00022
2MMV9301HXdR 9 25 55 10.70 16.70 22.80 61.30 88.20 110.20 5.10 5.60
HX71901C-T-P4S 2 6 12 .061 0.096 0.130 0.351 0.504 0.630 0.00020
2MMV93OZHXdR 20 45 85 17.00 22.70 31.00 96.40 120.90 150.90 4.60 6.60
HX71902C-T-P4S 5 10 20 0.097 0.130 0.177 0.551 0.691 0.863 0.00018
2MMV9303HXdR 20 45 85 16.90 22.30 30.00 100.90 127.10 159.10 4.60 6.60
HX71903C—T-P4S 5 10 20 0.097 0.128 0.172 0.577 0.727 0.910 0.00018
2MMV9304HXdR 20 65 135 18.20 28.5Q 38.70 109.60 157.90 197.30 7.60 8.10
HX71904C-T-P4S 5 15 30 0.104 0.163 0.221 0.627 0.903 1.128 0.00030
2MMV9305HXdR 20 65 135 20.20 31.30 42.30 122.00 176.30 220.50 7.10 7.10
HX719050-T-P4S 5 15 30 0.115 0.179 0.242 0.698 1.008 1.261 0.00028
2MMV9306HXdR 20 65 135 22.00 33.90 45.70 133.70 193.60 242.60 6.10 6.60
HX71906C-T-P4S 5 15 30 0.126 0.194 0.261 0.764 1.107 1.387 0.00024
2MMV9307HXdR 45 110 225 30.80 44.60 60.50 185.70 251.70 314.60 7.10 8.60
HX71907C-T—P4+S 10 25 50 0.176 0.255 0.346 1.062 1.439 1.799 0.00028
2MMV9308HXdR 45 135 265 29.50 45.10 60.10 177.90 259.60 325.70 9.70 10.20
HX719OBC-T-P4S 10 30 60 0.169 0.258 0.344 1.017 1.484 1.862 0.00038
2MMV9309HXdR 45 155 310 31.50 50.90 68.00 189.40 292.10 366.40 10.70 10.70
HX71909C-T—P%IS 10 35 70 0.180 0.291 0.389 1.083 1.670 2.095 0.00042
2MMV9310HXdR 65 175 355 38.70 56.70 75.90 232.60 324.60 407.00 9.10 10.70
HX719100-T-P41S 15 40 80 0.221 0.324 0.434 1.330 1.856 2.327 0.00036
2MMV9311HXdR 65 200 400 39.50 60.3C 80.50 241.20 352.20 442.00 10.70 11.20
HX71911C—T—P4LS 15 45 90 0.226 0.345 0.460 1.379 2.014 2527 0.00042

(For DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

MOUNTING ARRANGEMENTS

TN P S

Back-to-Back Tandem Face-to-Face
DB DT DF
‘ Preload Axial Stiffnesd Radial Stiffned® Spacer Offsetd)
Bearing
Number I?;rl;t MIZE:\L/JIm HZL;Uy Light Medium Heavy Light Mediun Heavy L,i\%lé.to I\|/I_|eec;.vt;
‘ N N N N/pum N/pum N/pum N/pm N/pum N/pum pm pum
Ibs. Ibs. Ibs. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. 10 Ibs.fin. in. in.

2MMV9312HXdR 65 225 445 41.70 66.20 88.30 254.10 385.70 483.90 11.70 11.70
HX71912C-T-P£*S 15 50 100 0.238 0.378 0.505 1.453 2.205 2\767 0.00046
2MMV9313HXdR 65 225 445 43.70 69.30 92.30 266.70 406.10 509.80 11.20 11.20
HX71913C—T-P4S 15 50 100 0.250 0.396 0.528 1.525 2.322 2915 0.00044
2MMV9314HXdR 110 335 665 51.00 78.10 104.50 316.60 461.20 578.40 13.70 14.70
HX71914C-T-P1*S 25 75 150 0.292 0.447 0.598 1.810 2.637 31307 0.00054
2MMV9315HXdR 110 335 665 52.30 80.00 107,00 325.00 474.00 594.70 13.20 14.20
HX71915C—T—P4S 25 75 150 0.299 0.458 0.612 1.858 2.710 31400 0.00052
2MMV9316HXdR 110 335 665 54.90 83.80 11180 341.20 499.00 626.50 12.70 13.70
HX71916C-T-P1*S 25 75 150 0.314 0.479 0.639 1.951 2.853 3,582 0.00050
2MMV9317HXdR 135 400 800 62.20 94.50 125/50 390.60 575.90 724.30 13.70 14.70
HX71917C-T-P4S 30 90 180 0.334 0.510 0.682 2.088 3.048 3/826 0.00056
2MMV9318HXdR 135 400 800 59.40 90.40 120{20 373.10 548.10 688.90 14.20 15.20
HX71918C-T-P4*S 30 90 180 0.340 0.517 0.687 2.133 3.134 31939 0.00056
2MMV9320HXdR 155 490 975 67.40 104.60 139.50 423.40 630.50 791.80 15.20 15.70
HX71920C-T—P4S 35 110 220 0.385 0.598 0.798 2421 3.605 4527 0.00060
2MMV9322HXdR 175 535 1065 73.80 112.70 150.40 464.00 67860 851.90 15.20
HX71922C-T-P<*S 40 120 240 0.422 0.644 0.860 2.653 3.880 4871 0.00060
2MMV9324HXdR 225 665 1335 80.90 123.40 164.70 513.70 752.10 944.30 17.30 18.30
HX71924C-T—P%IS 50 150 300 0.462 0.706 0.942 2.937 4.300 5.399 0.00068
2MMV9328HXdR 265 800 1600 94.60 143.60 190.60 587.50 865.40 1088.20 17.80 19.30
HX71928C-T—P%IS 60 180 360 0.541 0.821 1.090 3.359 4.948 6.222 0.00070
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

3MMV9300HX (HX71900E-...-P4S)
DUPLEX PERFORMANCE DATA

Preload Axial Stiffne$s Radial Stiffned® Spacer Offsetd)
Bearing
Number D_UL DU_M PUH Light Medium Heavy Light Medium Heav Liofiol S
Light | Medium | Heavy Med. Heavy
N N N N/um N/um N/um N/um N/um N/um um pum
Ibs. Ibs. Ibs. 1GIbs./in. | 1C®Ibs./in. | 1®Ibs./in. | 1CIbs./in. | 1GIbs./in. | 1CIbs./in. in. in.
3MMV9300HXCR 22 45 90 28.53 36.82 48.06 60,22 75.61 94.48 2.79 4.06
HX71900E-T-P4S 5 10 20 0.163 0.211 0.275 0.344 0.432 0.540 0.00011 l
3MMV9301HXCR 22 45 90 29.93 38.58 50.28 63,30 79.51 99.41 2.54 4.06
HX71901E-T-P4S 5 1o 20 0.171 0.221 0.288 0.362 0.455% 0.568 0.00010 (
3MMV9302HXCR 22 65 135 34.07 50.72 66.06 72.78 104.78 131.04 4.06 4.57
HX71902E-T-P4S 5 15 30 0.195 0.290 0.378 0.416 0.599 0.749 0.00016 (
3MMV9303HXCR 22 65 135 35.45 52.71 68.60 75.75 109.14 136.54 4.06 4.32
HX71903E-T-P4S 5 15 30 0.203 0.301 0.392 0.433 0.624 0.781 0.00016 l
3MMV9304HXCR 45 110 225 48.76 67.98 88.46 103.86 140.69 175.95 4.57 5.59
HX71904E-T-P4S 10 25 50 0.279 0.389 0.506 0.594 0.804 1.006 0.00018
3MMV9305HXCR 45 110 225 54.17 75.38 97.75 115.68 156.99 196.59 4.06 5.08
HX71905E-T-P4S 10 25 50 0.310 0.431 0.559 0.661 0.898 1.124 0.00016
3MMV9306HXCR 45 110 225 59.33 82.38 106/58 126.87 172.47 216.18 3.56 4.57
HX71906E-T-P4S 10 25 50 0.339 0.471 0.609 0.725 0.986 1.236 0.00014
3MMV9307HXCR 65 175 355 74.51 106.06 137.72 159.18 220.72 276.34 5.08 5.59
HX71907E-T-P4S 15 40 80 0.426 0.606 0.787 0.910 1.262 1.580 0.00020
3MMV9308HXCR 65 225 445 70.62 108.04 139.41 154.45 233.67 293.31 7.11 7.11
HX71908E-T-P4S 15 50 100 0.404 0.618 0.797 0.883 1.336 1.677 0.00028
3MMV9309HXCR 90 245 490 83.32 119.21 153.84 182.60 257.80 323.74 6.10 7.11
HX71909E-T-P4S 20 55 110 0.476 0.682 0.880 1.044 1.474 1.851 0.00024
3MMV9310HXCGR 90 265 535 88.43 130.41 168.25 193.61 282.11 354.17 6.60 7.11
HX71910E-T-P4S 20 60 120 0.506 0.746 0.962 1.107 1.613 2.025 0.00026

(UFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS

MOUNTING ARRANGEMENTS

Back-to-Back

Bearing
Number

3MMV9311HXG
HX71911E-T-P4
3MMV9312HXG
HX71912E-T-P4
3MMV9313HXG
HX71913E-T-P4
3MMV9314HXG
HX71914E-T-P4
3MMV9315HXC
HX71915E-T-P4
3MMV9316HXG
HX71916E-T-P4
3MMV9317HXC
HX71917E-T-P4
3MMV9318HXG
HX71918E-T-P4
3MMV9320HXC
HX71920E-T-P4
3MMV9322HXC
HX71922E-T-P4
3MMV9324HXC
HX71924E-T-P4
3MMV9328HXC
HX71928E-T-P4

DB

DUL
Light

Ibs.
110

110

110

155

155

155

200

200

245

265

310

400

35

35

45

45

55

90

Preload

DUM
Medium

N
Ibs.

335

335

335

490

490

490

625

625

735

800

935

1200

DUH

Heavy

Ibs.

665
75

665
75

665
75

980
110
980
110
980
110
1245
140
1245
140
1465
165
1600
180
1870
210
2400
_70

SPINDLE BEARINGS ¢ ULTRA-LIGHT ISO 19 SERIES

Tandem

DT

Axial Stiffne$s

Light

N/pm
1C Ibs./in.

99.24
150
104.80
150
110.22
150
122.31
220
125.63
220
132.14
220
155.70
280
148.32
280
170.75
330
183.82
360
198.51
420
235.07
540

Medium

N/pum
1@ Ibs./in.

146.

0.567

154.

0.599

162.

0.630

183.
0.699

187.
0.718

197.
0.756

231
0.826

220
0.848

251
0.976

270
1.051

291
1.135

344
1.344

29

383

15

12

84

A6

57

72

16

40

73

90

16 Ibs./in.

Heavy

N/pum

188
0.836

19
0.882

20
0.927

235.

1.047

242.

1.074

254.13

1.129

29)7.

1.232

283.

1.262

328.

1.436

348.05

1.546

374.

1.668

443.

1.972

Light

N/pm
16 Ibs./in.

72 2
1.079

8.86

1.137

8.66

Radial Stiffnes®

N/pm
1C Ibs./in.

16.70

1.239

28.59

1.307

89.96

1.372

65.50

72.49

85.96

34.58

19.72

69.04

97.55

27.46

04.06

Medium

1.518

1.558

1.635

1.792

1.828

2.110

2.273

2.444

2.882

Face-to-Face

Heav)

N/pum
1@ Ibs./in.

815.69
1.80
333.88
1.90
351.37
2.00
394.05
2.25
404.89
2.31
426.23
2.43
499.86
2.65
475.73
2.72

540.62
3.09

581.89
3.32

628.07
3.5¢

743.15

4.249

Spacer Offsetd)

Light to
Y Med.

Hm
in.
396.50
5
419.41
9
441.80
9
495.14
3
508.96
5
536.07
7
629.12

598.51

679.84

731.61

790.37

935.54

pum

in.
7.11
267

6.60

.398

6.60

526

8.64

.831

8.64

010

8.13

.065

8.64

331

9.14

A22

9.14

.887

9.14

183

10.16

b19

.B49

Med. to
Heavy

10.67

8.13
0.00028
7.62
0.00026
7.11
0.00026
9.14
0.00034
9.14
0.00034
8.64
0.00032
9.14
0.00036
9.65
0.00036
10.16
0.00036
10.16
0.00036
11.18
0.00040
12.19
0.00042
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

2MMV9300HX (HX71900C-...-P4S)
SPEED CAPABILITY DATA

‘ Grease Capacify Operating Speeé (DB Mounting)
. . Timken

Famrfggr”"g |5’\Cl)u5m5§‘er;“9 ‘ Low Speetd High Spee®) Grease ‘ oil

‘ 25% 40% 10% 159 DUL DUM DU+ DU‘L DUM DUH

‘ grams grams grams grams RPM RPM RPM ‘ RPM ‘ RPM RPM
2MMV9300HXCR HX7190bC0’.—HA# 0.18 0.05 0.06 73360 55020 3668b 12#795 93534 62310
2MMV9301HXCR HX7190hC{I—E4# 0.20 0.06 0.0y 64000 48000 3200b 104000 81600 54360
2MMV9302HXCR HX7190PCO’.—I@4# 0.33 0.09 0.12 53440 40080 2672b 90#80 68136 45391
2MMV9303HXCR HX7190bCGﬂ# 0.36 0.09 0.12 48320 36240 2416b 81$4O 61608 41042
2MMV9304HXCR HX7190PC{I484# 0.71 0.20 0.25 40160 30120 zoosb 67%70 51204 34111
2MMV9305HXCR HX7190FCO’.484# 0.83 0.22 0.29 33440 25080 1672b 56430 42636 28403
2MMV9306HXCR HX7190}5C0’.6D4# 0.95 0.26 0.34 28720 21540 1436b 48465 36618 24394
2MMV9307HXCR HX7190&C{I£EAS4 1.43 0.39 0.51 24400 18300 1220b 41#75 31110 20725
2MMV9308HXCR HX7190bC—JI434# 2.26 0.61 0.80 22400 16800 1120b 37$OO 28560 19026
2MMV9309HXCR HX7190FC—I€FM# 2.50 0.67 0.88 20000 15000 1000b 33‘*50 25500 16988
2MMV9310HXCR Hx7191b0-1m°7454 2.74 0.72 0.95 18320 13740 9164 30415 23358 15561
2MMV9311HXCR HX7191hC-2{464# 3.57 0.97 1.30 16560 12420 8284 27445 21114 14066
2MMV9312HXCR Hx7191?0-2{-$84# 3.81 1.03 1.40 15360 11520 7684 25420 19584 13046
2MMV9313HXCR HX7191bC-2{{R)4# 4.05 1.08 1.40 14240 10680 7124 24(#30 18156 12095
2MMV9314HXCR HX7191PC¢[;@4# 6.79 1.82 240 13120 9840 6560‘ 221%10 16728 11144
2MMV9315HXCR HX7191FC¢[@# 7.26 1.93 250 12320 9240 6160‘ 207%30 15708 10464
2MMV9316HXCR HX7191#‘3C4’.—7-64# 7.62 1.99 2.70 11600 8700 5800‘ 195‘75 14790 9853
2MMV9317HXCR HX7191&C&—3§4# 10.24 2.73 3.60 10800 8100 5400‘ 182%5 13770 9173
2MMV9318HXCR HX7191bC-7[024# 11.19 2.96 3.90 10320 7740 5160‘ 174#5 13158 8766
2MMV9320HXCR Hx7192bC-€{934# 14.29 3.81 5.00 9120 6840 4560‘ 153&30 11628 7746
2MMV9322HXCR Hx7192?0{[{ﬂ4# 15.48 4.15 540 8400 6300 4200‘ 141#5 10710 7135
2MMV9324HXCR HX7192PCH}.E4# 21.19 5.63 7.40 7680 5760 3840‘ 129%0 9792 6523
2MMV9328HXCR HX7192FC-T-P4# 18.45 29.52 7.84 10!40 6616 4%362 ‘3300 11165 8435

(IFill weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(5For other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 19 SERIES

ULTRA-LIGHT ISO 19 SERIES

3MMV9300HX (HX71900E-...-P4S)
SPEED CAPABILITY DATA

‘ Grease Capacity Operating Speeff8 (DB Mounting))
. . Timken

Famrffgrmg Isl\cl)uBm{aer;ng‘ Low Speet?) High Spee® Grease oil

‘ 25% 40% 10% 159 DUL DUM DUH DU‘L DqM DUH

‘ grams grams grams grams RPM RPM RPM RPM ‘ RPM ‘ RPM
3MMV9300HXCR HX7190bE-O'.—PMS 0.18 0.04 0.06 66080 49560 33040 11J.‘510 44250 56125
3MMV9301HXCR HX7190hEU.—PJlS 0.20 0.05 0.0y 57600 43200 28800 97#00 7#440 48900
3MMV9302HXCR HX7190PE-(I—WS 0.33 0.08 0.12 48080 36060 24040 81#35 6}1300 40850
3MMV9303HXCR HX7190bE-(I—P¥lS 0.36 0.08 0.12 43440 32580 21720 73#05 5#390 36900
3MMV9304HXCR HX7190PE-0'.4315 0.71 0.17 0.25 36160 27120 18080 61#)20 4%5100 30700
3MMV9305HXCR HX7190FE-0'.4ES 0.83 0.20 0.29 30080 22560 15040 50#60 3%350 25550
3MMV9306HXCR HX7190}5E-0'.—WS 0.95 0.23 0.34 25840 19380 12920 43#05 3?950 21950
3MMV9307HXCR HX7190kE-0'.—9?:45 1.43 0.35 0.51 22000 16500 11000 37#25 2#3050 18690
3MMV9308HXCR HX7190EE—I4’$S 2.26 0.54 0.80 20160 15120 10080 34(#20 2F700 17125
3MMV9309HXCR HX7190PE—I§R¥S 2.50 0.60 0.88 18000 13500 9000 30#75 2#950 15290
3MMV9310HXCR HX7191bE-I.ms 2.74 0.64 0.95 16480 12360 8240 27410 2#000 14000
3MMV9311HXCR HX7191hE-:r.—2aS 3.57 0.86 1.30 14960 11220 7480 25445 1#075 12700
3MMV9312HXCR HX7191PE—2'.—3818 3.81 0.91 1.40 13760 10320 6880 23420 1%500 11690
3MMV9313HXCR HX7191FE—I5018 4.05 0.96 1.40 12800 9600 6400 216b0 14320 10875
3MMV9314HXCR HX7191FE1[—I§18 6.79 1.62 2.40 11840 8880 5920 199#30 15*100 10060
3MMV9315HXCR HX7191FE{wS 7.26 1.72 250 11120 8340 5560 187%35 14175 9450
3MMV9316HXCR HX?lglelr.-ms 7.62 1.77 270 10480 7860 5240 176*35 1:#360 8900
3MMV9317HXCR HX7191?E6’.—:P_|4$ 10.24 2.43 3.60 9680 7260 4840 163#{35 12#50 8225
3MMV9318HXCR HX7191PE—T.{I§218 11.19 2.63 3.90 9280 6960 4640 156#0 11#325 7880
3MMV9320HXCR HX7192bE-8'.9818 14.29 3.39 5.00 8240 6180 4120 1394)5 10%500 7000
3MMV9322HXCR Hx7192#EJJMS 15.48 3.69 540 7544 5658 3772 127#1 9(#20 6400
3MMV9324HXCR Hx7192%1EIBR4S 21.19 5.00 740 6912 5184 3456 116#4 85*10 5875
3MMV9328HXCR HX7192*3EIBMS 29.52 6.97 10.40 5960 4470 2980 100#8 7400 5050

(@Fill weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(5For other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

2(3)MV/MM9100WI (7000C(E)-...-P4/P4S§) VN THUE IO | |
HIGH PRECISION MV Incorporates low shoulder on non-thrust side of both inner

and outer rings.
Running accuracy, performance and dimensional controls conform ggis separated by one-piece cage piloted against a ground

to ABEC 7 (ISO P4) requirements. thrust shoulder land of the outer ring.
Optional one-piece cage piloted on the ball available with MV
SUPER PRECISION MM (P4) product.

Running accuracy and performance meet ABEC 9 (ISO P2) levels.
Other features conform to ABEC 7 (ISO P4) requirements.

Bearing 15 (C/2) Load Ratings 25 (E/3) Load Ratings
b Ball Steel Ball Ceramic Ball Steel Ball Ceramic Ball
o5 B/ sorel| 0.0, [wigte| oiar | v G | o |smeed| o | o |speea| @ | o |spea| o | o | speed
Static ‘ DynaquatmgNg Static | DynamicRatingNg) Static DynaquatmgNg Static | DynamicRatingNg)
P I B B I ‘ s, ‘ RPM | pe | s | RPM| | g ‘ RPM | o | 1ps. | RPM
9100W| 10 26 8 | 8x48 0018 2200 5400 (68500 | 1958 | 5400/ 82200 2100 5300 61700 | 1869 5300
7000 | 03937 1.0236 0.3150 | 8x 004 490 1210 68500 | 436 | 1210 | 82200 480 1190 61700 427
9101w| 12 28 8 | 10x48 0020 2900 6400 (57300 | 2581 6400 68760 2800 6200 51600 | 2492 6200
7001 | 04724 11024 03150 | 10x 004 650 1430 57300 | 579 | 1430 68760 630 1890 51600 561
9102w| 15 32 9 | 12x48 0030 3600 7300 (48600 | 3204 7300 58320 3530 7020 43700 | 3142 7020
7002 | 05906 1.2508 0.3543 | 12x 007 820 1630 48600 | 730 | 1630 58320 790 1580 43700 703
9103wW| 17 35 10| 11x48 0038 3400 6800 (43100 | 3026 6800 51720 3300 6600 38800 | 2937 6600
7003 | 0.6693 1.3780 0.3937 | 11x 008 770 1530 43100 | 685 | 1530 51720 750 1480 38800 668
9104W| 20 42 12| 11x6.4 0067 6000 11600 | 37100 | 5340 11600 44520 5700 11100 33400 | 5073 11100
7004 | 07874 16535 04724 |1lx¥ 0.5 1350 2600 87100 | 1202 | 2600 44520 1290 2500 | 33400 1148
9105W| 25 47 12| 13x6.4 0077 7400 12000 | 30900 | 6586 12000 37080 7100 12300 27800 | 6319 12300
7005 | 09843 18504 04724 |13x¥ 0.7 1660 2000 830900 | 1477 | 2900 37080 1590 2770 | 27800 1415
9106W| 30 55 13| 14x7.1 0113 10300 16800 | 25500| 9167 16800 30600 9900 16000 | 23000 | 8811 16000
7006 | 11811 21654 05118 | 14x 025 2310 3770 25500 | 2056 | 3770 30600 2200 8600 | 23000 1958
9107W| 35 62 14| 15x7.9 0151 18700 21200 | 22600 12193 21200 27120 13000 20200 | 20300| 11570 20200
7007 | 13780 24409 05512 | 15x 033 3070 4760 22600 | 2732 | 4760 27120 2930 4540 | 20300 2608
9108W| 40 68 15| 16x7.9 0187 14900 21900 | 19900 13261 21900 23880 14200 20800 | 17900| 12638 20800
7008 | 15748 2.6772 0.5906 | 16x 041 3360 4920 19900 | 2990 | 4920 23880 3190 4670 | 17900 2839
9100W| 45 75 16 | 17x87 0240 19300 27000 | 17900| 17177 27000 21480 18300 25600 | 16100| 16287 25600
7000 | 17717 29528 0.6299 |17x 053 4330 6080 17900 | 3854 | 6080 21480 4110 5760 | 16100 3658
9110W| 50 80 16 | 18x87 0258 20800 27900 | 16300 18512 27900 19560 10700 26300 | 14700 17533 26300
7010 | 1.9685 3.1496 0.6299 |18x 057 4670 6270 16300 | 4156 | 6270 19560 4430 5910 | 14700 3943
9111W| 55 90 18| 18x10.3 0.383 28600 (37800 | 14700 25454 37800 17640 27200 |35900 | 13200 24208 35900
7011 | 21654 35433 07087 |18x 084 6420 8500 14700 | 5714 | 8500 17640 6110 8080 | 13200 5438
9112w| 60 95 18| 19x10.3 0400 30500 (38800 | 13600 27145 38800 16320 33200 |36900 | 12200 29548 36900
7012 | 23622 37402 07087 |19x 090 6860 8730 13600 | 6105 | 8730 16320 7470 8290 | 12200 6648
9113W| 65 | 100| 18| 20x10.3 0435 32600 (39800 | 12700 29014 39800 15240 31000 |37700 | 11400 27590 37700
7013 | 25591 3.9370 0.7087 |20x 096 7330 8950 12700 | 6524 | 8950 15240 6970 8480 | 11400 6203
9114wl 70 | 110| 20| 19x119 0604 40700 |50300 | 11700 36223 50300 14040 38800 |47600 | 10500 34532 47600
7014 | 27559 43307 0.7874 |19x 133 9150 11300 11700 | 8144 | 11300 14040 8730 110700 | 10500 7770
9115W| 75 | 115| 20| 20x11.9 0638 43500 |51600 | 11000 38715 51600 13200 41200 |48900 | 9900| 36668 48900
7015 | 29528 45276 0.7874 |20 141 9790 11600 11000 | 8713 | 11600 13200 9260 (11000 | 9900 8241

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Wwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(Fill weights based upon speci ¢ gravity of 0,99.

(X is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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r
Rad(?

mm
in.
0.3
0.012
0.3
0.012
0.3
0.012
0.3
0.012
0.6
0.024
0.6
0.024
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039
1.0
0.039

Suggested Shoulder Diameters

Shaft
Max. Min.
r_nm mm
n. n.
13.6 13.3
0.54 0.5
16.1 15.9
0.64 0.6
19.2 18.9
0.76 0.7
21.7 21.5
0.86 0.8
25.0 24.8
0.99 0.9
30.1 29.9
1.19 1.1
36.2 35.9
1.43 1.4
41.2 40.6
1.62 1.6
46.2 45.7
1.82 1.8
51.8 51.3
2.04 2.0
56.6 56.1
2.23 2.2
62.7 62.2
2.47 2.4
67.8 67.3
2.67 2.6
72.6 72.1
2.86 2.8
78.2 7.7
3.08 3.0
834 82.7
3.29 3.2

-— Cﬂ
r
¥

SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

‘ Fixed ‘ Floating
Housing Shaft Diameter ~ Mounting Fits HOUSi.ng EO( Mounting Fits ‘ sy Eeie Mounting Fits
(Stationary) ‘ (Stationary)
Max. Min. Max. Min.| Loose Tigl+t Max. Min. Tight Lobse Max. Min.  Loose Loose
n. In. n. n. n. In. n. n. n. in n. n.
232 230 10000 9.995 |0.005 | 0004 26005 26.000 o¢oo 0\010 26.010 | 26.005 0.015
092 091 039370 | 039350 0.00020 0/00015 |1.02380 1.02360 0.00000 0.00040 | 1.02400 1.02380
255 253 12000 11995 |0.005 | 0.004 28005 28000 0000 0010 28010 | 28005  0.015
101 100  0.47240 | 0.47220 000020 0000015 |1.10260 1.10240 0.00000 0.00040 | 1.10280 1.10260
286 283 15000 14.995 |0.005 | 0004 32005 32000 0000 0011 82010 | 32005 0.016
1113 112 059060 | 0.59040 0.00020 0,00015 |1.26000 125980 0.00000 0.00045 | 1.26020  1.26000
311 309 17000 16995 |0.005 | 0004 35006 35000 0000 0012 85010 | 35005 0.016
123 122  0.66930 | 0.66910 0.00020 0000015 |1.37830 137800 0.00000 0.00050 | 137840 137820
377 375 20000 19.995 |0.005 | 0.005 42006 42000 0000 0012 42010 | 42005 0.016
149 148 078740 | 0.78720 0.00020 0000020 |1.65380 1.65350 0.00000 0.00050 | 165390 1.65370
426 423 25000 24995 |0.005 | 0005 47.006 47.000 0000 0012 47.012 | 47.007  0.018
168 167  0.98430 | 0.98410 0.00020 0000020 |1.85070 185040 0.00000 0.00050 | 185090 185070
507 504 30000 29.995 |0.005 | 0005 55008 55000 0000 0015 55012 | 55007  0.019
200 199 118110 | 1.18090 0.00020 0,00020 |2.16570 2.16540 0.00000 0.00060 | 2.16500  2.16570
566 561 35000 34.995 |0.005 | 0006 62008 62000 0000 0015 62012 | 62007  0.019
223 221 1.37800 | 137780 0.00020 000025 |2.44120 244090 0.00000 0.00060 | 2.44140  2.44120
622 617 40000 39.995 |0.005 | 0006 68008 68000 0000 0015 68012 | 68.007  0.019
2145 43 157480 | 157460 0.00020 0000025 |2.67750 2.67720 0.00000 0.00060 | 267770  2.67750
69.3 688 45000 44.995 |0.005 | 0006 75008 75000 0000 0015 5014 | 75.009  0.022
273 271 177170 | 177150 000020 000025 |2.95310 295280 0.00000 0.00060 | 295330 2.95310
742 737 50000 49.995 |0.005 | 0.006| 80.008 80.000 0.000  0.015 80.012 | 80.008  0.020
202 290  1.96850 | 1.96830 0.00020 0,00025 |3.14990 3.14960 0.00000 0.00060 | 3.15010  3.14990
833 828 55000 54995 |0.005 | 0007 90008 90.000 0000 0016 90015 | 90.007  0.023
328 826 216540 | 216520 0.00020 000030 |3.54360 3.54330 0.00000 0.00060 | 3.54390 3.54360
881 876 60000 5§9.995 |0.005 | 0007 95008 95000 0000 0016 95.016 | 95009  0.024
347 845 236220 | 236200 0.00020 000030 |3.74050 3.74020 0.00000 0.00060 | 3.74080 3.74050
932 927 65000 4995 |0.005 | 0007 100008 100.000 0000  0.016 100.018 | 100.010 0025
367 865 255910 | 255890 0.00020 0/00030 |3.93730 3.93700 0.00000 0.00060 | 3.93770  3.93740
10214 1019 70.000 69.995 | 0.005 | 0.007 110.008 110,000 0000 0016 |110.018 110010 0.025
403 401 275590 | 2.75570 0.00020 0/00030 |4.33100 4.33070 0.00000 0.00060 | 4.33140 4.33110
107)3 1066 75.005 74.995 | 0.005 | 0012 115008 115000 0000 0016 |115.019 115011 0.026
423 420 295300 295260 0.00020 000050 |4.52790 452760 0.00000 0.00060 | 452830  4.52800

Continued on next page.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERi&Snued .
2(3)MV/MM9100WI (7000C(E)-...-P4/P4S)- N> T RUETIO

IMcorporates low shoulder on non-thrust side of both inner

HIGH PRECISION MV and outer rings.
Running accuracy, performance and dimensional controls conform gg|is separated by one-piece cage piloted against a ground
to ABEC 7 (ISO P4) requirements. thrust shoulder land of the outer ring.

Optional one-piece cage piloted on the ball available with MV
SUPER PRECISION MM B4 product, 9P

Running accuracy and performance meet ABEC 9 (ISO P2) levels.
Other features conform to ABEC 7 (ISO P4) requirements.

Bearing 15 (C/2) Load Ratings 25 (E/3) Load Ratings
Jrfl;rg?g)r Ball Steel Ball Ceramic Ball Steel Ball Ceramic Ball
or d D _C Qt_y. X |Bearing ‘ ‘ ‘
25 g/@)| Bore | O.D. |WidthD) Dia. | Wt G Ce | Speed| G Ce | Speed| G Ce | Speed| G Ce | Speed
Static ‘ DynamicRatingN9) Static | DynamicRatingN9) Static ‘ DynamlctRatlngNg Static | DynamicRatingN9)
S B R S ‘ b | RPM | bs | bs | RPM | pg ‘ s, ‘ RPM | e | s | RPM
9116W| 80 125 22 20x 13,5 0.859 %5200 64900 | 10300/ 49128 64900 1#360 #2500 61400 9300 46725 61400
7016 3.1496 4.9213 0.8661 |20x 1.8&# 12400 14600 10300 11036 1464)0 14360 11800 13800 9300 10502
9117WI| 85 130 22 21x 135 0.901 #8700 66700 9700 52243 66700 11‘640 5*5600 63200 8700 49484 63200
7017 3.3465 5.1181 0.8661 |21x 1.9&# 13200 15000 9700 11748 lSOdO 11F40 12500 14200 8700 11125
9118wW| 90 140 24 20x 151 1470 48900 79600 9200 61321 79600 11‘040 45800 75200 8300 58562 75200
7018 3.5433 5.5118 0.9449 |20x 2.54 15500 17900 9200 13795 179("*0 1lb40 14800 16900 8300 13172
9119wWI| 95 145 24 21x15.1 1.222 j3400 81400 8700 65326 81400 ldfMO 49400 77400 7800 61766 77400
7019 3.7402 5.7087 0.9449 |21x 2.64 16500 18300 8700 14685 183("*0 10%140 15600 17400 7800 13884
9120wW| 100 150 24 22x 151 1,299 ‘*7400 83600 8300 68886 83600 9#60 ﬂ3400 79200 7500 65326 79200
7020 3.9370 5.9055 0.9449 |22x 2.84 17400 18800 8300 15486 188("*0 9&#60 16500 17800 7500 14685
9121wW| 105 160 26 21x16.7 1617 $9400 97900 7900 79566 97900 9%180 44500 92100 7100 75205 92100
7021 41339 6.2992 1.0236 |21x 3.5# 20100 22000 7900 17889 22040 94‘80 19000 20700 7100 16910
9122wW| 110 170 28 22x 175 2/043 1‘02700 109400, 7500 91403 109400 4000 b7400 103200, 6800 86686 103200
7022 43307 6.6929 1.1024 |22x 4.54 23100 24600 7500 20559 24640 QqOO 21900 23200 6800 19491
9124W| 120 180 28 23x 175 2/180 1‘08500 111200, 6900 96565 111200 éZBO 103200 105000 6200 91848 105000
7024 4.7244 7.0866 1.1024 |23 x 4.81\ 24400 25000 6900 21716 25040 8480 23200 23600 6200 20648
9126W| 130 200 33 21x20.6 3273 1‘37000 143200, 6400/ 121930 143200 J(680 h29900 135700 580 115611 13570(
7026 51181 7.8740 1.2992 |21x 7.21l 30800 32200 6400 27412 322d0 7480 29200 30500 5800 2988
9128WI| 140 210 33 22x20.6 3.454 1‘45000 146300, 5900/ 129050 146300 J(080 h37400 138300 530 122286 13830(
7028 55118 8.2677 1.2992 |22x 7.64 32600 32900 5900 29014 329d0 7dSO 30900 31100 5300 27501
9130wl 150 225 35 22x22.2 4200 1‘68100 167200, 5600/ 149609 167200 ¢720 h59200 157900 500 141688 15790(
7030 59055 8.8583 1.3780 | 22x 9.24 37800 37600 5600 33642 37640 67‘20 35800 35500 5000 31862
9132W| 160 240 38 22x23.8 5/188 1‘92600 189500, 5200/ 171414 189500 ¢240 h82800 179300 470 162692  17930(
7032 6.2992 9.4488 1.4961 |22x 11.4F1 43300 42600 5200 38537 426¢O 6#40 41100 40300 4700 36579
9134W| 170 260 42 22x27.0 6999 445500 234000 4900, 218495 234000 $880 ?32600 221100 440 207014 22110
7034 6.6929 10.2362 1.6535 |22x1 15.%13 55200 52600 4900 49128 52#00 5*880 52300 49700 4400 46547
9136WI| 180 280 46 20x27.0 9,250 476200 258400 4600, 245818 258400 $520 ?62400 244400 420 233536 24440
7036 7.08@6 11.0236 1.8110 [20x1 20.%0 62100 58100 4600 55269 SS]LOO E{SZO 59000 55000 4200 52510
9140W| 200 ‘ 310 51 20x 33.3 12.148 #37200 296700 4100 300108 296700 PQZO bleOO 281100 3700 285779 28110
7040 7.87410 12.2047 2.0079 |20x1 26.?8 75800 66700 4100 67462 66#00 4}920 72200 63200 3700 64258

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2Fill weights based upon speci ¢ gravity of 0,99.

() is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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SUPER PRECISION BALL BEARINGS

r
Rad(?

mm
in.
1.0
0.039
1.0
0.039
15
0.059
15
0.059
15
0.059
2.0
0.079
2.0
0.079
2.0
0.079
2.0
0.079
2.0
0.079
2.0
0.079
2.0
0.079
2.0
0.079
2.0
0.079
2.0
0.079

SPINDLE BEARINGS « EXTRA-LIGHT ISO 10 SERIES

-— Cﬂ
r
¥

D
]
Suggested Shoulder Diameters* Fixed ‘ Floating
Shaft ‘ Housing ‘ Shaft Diameter Mounting Fits Housing EOG Mounting Fits ‘ Housipg O Mounting Fits
‘ ‘ (Stationary) ‘ (Stationary)
Max. Min. ‘ Max. Min ‘ Max. Min. Loose  Tight Max. Min. Tight Lobse Max. Min. Loose Loose
mm ITII’T'I ‘ mm mm ‘ mm ‘ mm mm r‘_nm mm mm mm mm ‘ mm mm mm mm
n. n. n. in n. n. n. in. n. n. n. n. in n. n. n.
89.3 88.5‘ 116,5 11*5.7 8¢.005 79.995 0.005 0.012| 125.008 125,000 d.OOO 0.017 |125.021| 125.011  0.030
3.52 3.4}9 4|59 %1.56 b.l4980 3.14940 0.00020 0/00050 |4.92160 4.921#30 0.00000 0.00070 | 4.92210 4.92170
94.9 94.1‘ 122|1 th.S 8$.005 84.995 0.005 0.012| 130.009 130,000 d.OOO 0.018 |130.020| 130.010 0.029
3.74 3.11 4/81 %1.78 b.34670 3.34630 0.00020 0J00050 |5.11850 5.118#0 0.00000 0.00070 | 5.11890 5.11850
100.5 99.# 130.9 140.2 9@.005 89.995 0.005 0.013  140.009 140.000 d.OOO 0.018 |140.020, 140.010 0.029
3.96 343 5/16 b.13 b.54350 3.54310 0.00020 0J00050 |5.51220 5.511?0 0.00000 0.00070 | 5.51260 5.51220
105.5 104.*3 135.8 1#5.0 9#.005 94.995 0.005 0.013 145.009 145.000 ¢.000 0.018 |145.021 145.011 0.030
4.16 4.]43 5/35 b.32 b.74040 3.74000 0.00020 0J00050 |5.70910 5.708#0 0.00000 0.00070 | 5.70950 5.70910
110.6 109.49 140.8 140.1 1¢0.005 99.995 0.005 0.013 150.009 150.000 b.OOO 0.018 | 150.023 150.012 0.032
4.36 4.1«43 5/55 b.52 b.93720 3.93680 0.00020 0J00050 |5.90590 5.905#50 0.00000 0.00070 | 5.90640 5.90600
116.5 115.17 150.0 149.2 1¢5.005 104.995 | 0.005 0.013 160.009 160.000 ‘0.000 0.022 | 160.022 160.012 0.033
4.59 4.#6 5/91 b.88 P.13410 4.13370 0.00020 0.00050 |6.29960 6.299?0 0.00000 0.00080 | 6.30010 6.29970
123.1 122.# 158.4 147.6 110.005 109.995 | 0.005 0.013 170.010 170.000 ‘0.000 0.020 | 170.022 170.012 0.032
4.85 4.&#2 6/24 *3.21 P.33090 4.33050 0.00020 0.00050 |6.69330 6.692?0 0.00000 0.00080 | 6.69380 6.69340
133.2 132.# 168.3 lé7.5 1#0.005 119.995| 0.005 0.013 180.010 180.000 ‘0.000 0.020 | 180.022 180.012 0.032
5.25 5.42 6/63 *3.60 P.72460 472420 0.00020 0.00050 |7.08700 7.086%30 0.00000 0.00080 | 7.08750 7.08710
144.9 144.# 186.6 145.8 19@0.005 129.995 | 0.005 0.015 200.011 200.000 ‘0.000 0.022 | 200.025 200.015 0.036
5.71 5.48 7/35 ?.32 b.11830 5.11790 0.00020 0/00060 |7.87450 7.874b0 0.00000 0.00090 | 7.87500 7.87460
155.1 154.# 196.5 145.7 1%10.005 139.995 | 0.005 0.015 210.011 210.000 ‘0.000 0.022 | 210.025 210.015 0.036
6.11 6.48 774 ?.71 b.SlZOO 5.51160 0.00020 0/00060 |8.26820 8.267#0 0.00000 0.00090 | 8.26870 8.26830
166.0 165.# 210.7 249.9 1$0.005 149.995 | 0.005 0.015 225.011 225.000 ‘0.000 0.022 | 225.025 225.015 0.036
6.54 6.#1 8/30 #.27 b.90570 5.90530 0.00020 0/00060 |8.85880 8.858#30 0.00000 0.00090 | 8.85930 8.85890
176.9 176.# 224.7 2#3.9 1¢0.005 159.995 | 0.005 0.015 240.011 240.000 ‘0.000 0.022 | 240.025 240.015 0.041
6.97 6.44 8/85 #.82 F.29940 6.29900 0.00020 0/00060 |9.44930 9.448#30 0.00000 0.00090 | 9.45000 9.44940
188.6 187.*3 242.7 241.9 1?0.005 169.995 | 0.005 0.015 260.011 260.000 ‘0.000 0.024 | 260.030 260.015 0.044
7.43 7.4}0 9/56 P.53 F.69310 6.69270 0.00020 0/00060 |10.2367 10.23bZO 0.00000 0.00100| 10.23750 10.237C
200.5 199.*3 261.0 ZéO.Z 1$0.008 179.993 | 0.007 0.018 280.013 280.000 ‘0.000 0.026 | 280.031 280.018 0.044
7.90 7.&#7 10.28 h0.25 ‘7.08690 7.08630 0.00030 0.00070 | 11.02410 11.02#360 0/00000 |0.00100, 11.02490 11.024
222.4 221.+S 289.2 248.4 2¢0.008 199.993 | 0.007 0.019 310.013 310.000 ‘0.000 0.026 | 310.031 310.018 0.044
8.76 8%3 11.39 h1.36 ‘7.87430 7.873Y0 0.00030 0.00080 | 12.20520 12.2¢47O 0/00000 |0.00100, 12.20600 12.205
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

2MV/MM9100WI (7000C-...-P4/P4S)
DUPLEX PERFORMANCE DATA

‘ Preload Axial Stiffne$s ‘ Radial Stiffned® Spacer Offsetd)
Bearing
Number DUX | DUL | DUM | DUH . ) . . X-light to Light to| Med. to
st (it | e e X-light Light Med. Hea X-light Light Med. HeavyLight i | ey
‘ N N N N Nm | Npm | Npm | Num | Npm | Npm | Npm | Npm um um m
Ibs. Ibs. Ibs. Ibs. | 1@ Ibs./in|1® Ibs./in| 1® Ibs./in| 1® Ibs./in| 1 Ibs./in| 1¢ Ibs./in| 1 Ibs./in| 1¢ Ibs./in| in. in. in.
2MV/MM9100V+/IGR- 13 25 55 14.13 16.42 21,51 2?.51 — 65.66 83.78 105.29 1.27 2.79 4.32
7000C—T—P4/I#4S — 3 6 12 0.081 0.094 0.123‘ 0.163 — 0.375 0.479 0.602 0.00005 0.0001
2MV/MM9101V+/IGR- 20 45 90 18.89 22.91 30,08 4b.23 — 01.11 115.29 144.38 1.78 3.30 5.08
7001C-T-P4/#4S — 5 10 20 0.108 0.131 0.172‘ 0.230 — 0.521 0.659 0.826 0.00007  0.0001
2MV/MM9102\/+/IC—R— 20 65 130 20.11 24.31 37.60 5b.72 — 96.88 140.41 175.20 1.52 5.84 6.10
7002C—T—P4/F{4S — 5 15 30 0.115 0.139 0.215‘ 0.290 — 0.554 0.803 1.002 0.00006  0.0002
2MV/MM9103V+/IGR- 20 90 160 20.11 2431 42.50 5}4.39 — 96.89 154.07 183.85 1.52 7.87 5.59
70030-T-P4/#4S — 5 20 35 0.115 0.139 0.243‘ 0.311 — 0.554 0.881 1.051 0.00006  0.0003
2MV/MM9104V+/IC—R— 45 90 180 21.00 27.81 37.25 5b.72 — 144.78 182.61 228.09 3.56 5.33 8.13
7004C—T—P4/F+4S — 10 20 40 0.120 0.159 0.213# 0.290 - 0.828 1.044 1.304 0.00014  0.000?
2MV/MM9105V+/IGR- 45 110 270 28.16 30.78 45.12 47.16 — 161.42 219.81 290.47 1.27 7.11 11.1¢
70050-T-P4/#4S — 10 25 60 0.161 0.176 0.254 0.384 - 0/923 1.257 1.661 0.00005 0.000:
2MV/MM9106V+/IC—R— 65 130 330 30.26 35.68 47.92 j3.46 — 202.87 256.21 343.52 2.79 6.35 13.21
7OOGC—T—P4/F+4S — 15 30 75 0.173 0.204 0.274 0.420 - 1,160 1.465 1.964 0.00011  0.000:
2MV/MM9107V+/IGR- 90 220 400 33.93 43.03 63.66 43.78 — Rr42.71 329.53 397.44 4.06 9.91 9.65
70070-T-P4/#4S — 20 50 90 0.194 0.246 0.364 0.479 - 1.388 1.884 2.272 0.00016  0.000:
2MV/MM9108V+/IC—R— 90 220 440 38.65 44.60 65.94 41.12 — 253.13 344.22 429.40 2.54 9.65 11.43
7OOBC—T—P4/F+4S — 20 50 100 0.221 0.255 0.37? 0.521 +— 11447 1.968 2.455 0.00010  0.000:
2MV/MM9109V+/IGR- 130 270 560 41.98 54.22 73.11 1‘03.19 — 312.77 394.21 498.45 5.08 8.38 13.2
70090-T-P4/#4S — 30 60 125 0.240 0.310 0.41$ 0.590 — 1,788 2.254 2.850 0.00020 0.000
2MV/MM9110WI@B 130 270 670 45.65 55,97 75.38 116.13 281.29 324.72 409.67 548.84 1.32 8.13 16
7010C—T—P4/I#4S 20 30 60 150 0.261 0.320 0.45*1 0.664 1.606 1.857 2.342 3.138 0.00017 0.0
2MV/MM9111V+/IC1R0 160 330 670 52.99 62.61 86.23 h18.23 316.97 358.41 464.50 581.11 8.81 9.65 12
70110-T-P4/#4S 25 35 75 150 0.303 0.358 0.4#3 0.676 1.810 2.049 2.656 3.323 0.00015 0.0
2MV/MM9112V+IIQRO 180 330 890 56.49 68.21 88.85 h39.75 327.57 389.08 481.62 660.30 4.32 7.87 1€
7012C—T—P4/I#4S 25 40 75 200 0.323 0.390 0.5C+8 0.799 1.871 2.225 2.754 3.775 0.00017 0.0
2MV/MM9113V+/IC1R0 220 440 890 60.17 77.13 103.89 ‘143.42 337.69 434.73 547.87 683.95 5.84 9.91 1
70130-T-P4/#4S 25 50 100 200 0.344 0.441 0.5$4 0.820 1.928 2.486 3.133 3.911 0.00023 0.0
2MV/MM9114V+IIQBO 270 560 1110 62.44 83.43 114.03 ‘157.24 363.37 469.41 600.03 749.06 7.62 11.68 1
7014C—T—P4/I#4S 30 60 125 250 0.357 0.477 O.6$2 0.899 2.075 2.684 3.431 4.283 0.00030 0.0
2MV/MM9115V+/ICIBO 270 560 1220 66.81 85.88 117.36 ‘169.13 374.14 485.42 621.10 799.47 6.60 11.43 1
70150-T-P4/#4S 30 60 125 275 0.382 0.491 0.6‘*1 0.967 2.136 2.775 3.551 4571 0.00026 0.0

(UFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

MOUNTING ARRANGEMENTS

TN P S

Back-to-Back Tandem Face-to-Face
DB DT DF
‘ Preload Axial Stiffne$s Radial Stiffned® Spacer Offsetd)
Bearing
Number DUX | DUL | DUM| DUH . . i . X-light to Light to| Med. to
. . X-light Light Med. Heavy  X-light Light Med. Heavy
X-light Light | Med. | Heavy Light | Med. | Heavy
N N N N N/pm N/pm N/pm N/pm N/pm N/pm N/pm N/pm m m m
‘ Ibs. Ibs. Ibs. Ibs. |10 Ittls./in. 16 Ittls./in. 16 Ittls./in. 16 Ittls./in. 16 Ittls./in. 16 Ittls./in. 16 Ittls./in. 16 Ittls./in. liln. liln. Liln.

2MV/MM9116V+/ICIIBO 310/ 670 1560 7186  92.87 lPS.OB 189.59 | 40491 | 529.96 68598 90040  [7.37  12.95 2
70160-T-P4/ﬁ4s 35 70 | 150 | 350 | 0.408 0.531‘ 0.732 1.084 2.312 3.030 3.922 5148  0.00029 0.0
2MV/MM9117\/+/IQI80 360/ 780 1670  75.03  100.92 ﬂ4o.97 201.14 | 44121| 57322 74556 95144 |838 1397 ¢
7017C—T—P4/#4S 40 80 | 175 | 375 | 0.429 o.57ﬂ 0.806 1.150 2.519 3.277 4.263 5.440  0.00033 0.0
2MV/MM9118V+/IOR30 440/ 890 1780 7416  105.99 ﬂ42.89 197.64 | 436.76| 62245 78534  981.05 [11.68  14.22
70180-T-P4/ﬁ4s 40 | 100 | 200| 400 | 0.424 0.60¢ 0.817 11130 2.494 3.559 4.490 5.609  0.00046 0.
2MV/MM9119\/+/I(ZBO 490/ 980 1980 7923  118.34 ﬂ53.21 21355 | 472.40| 664.15  837.23  1049.03 |11.94 1473
7019(:-T-P4/F{4S 45 | 110 | 220| 445 | 0.453 o.64$ 0.876 1/221 2.698 3.797 4.787 5998  0.00047 0.
2MV/MM9120V+/I(220 560/ 1110 2000 84)83  122.95 166.50 219.85 | 507.88| 71543 900,60 1086.81 |12.70  15.24
70200-T-P4/ﬁ4s 50 |125 | 250 450 | 0.485 0.70$ 0.952 1/257 2.900 4,001 5.149 6.214  0.00050 0.
2MV/MM9121\/+/I(ZRO 600| 1220 2450 89120  127.68 173.68 24049 | 52356| 736.82 93423 1166.02 |12.95  16.51
7021C-T-P4/F{4S 55 | 135 | 275| 550 | 0.510 o.73¢ 0.903 1/375 2.990 4213 5.342 6.667  0.00051 0.
2MV/MM9122V+/I(2?0 670| 1330 2670 9532  138.17 186.27 257.28 | 555.90| 792.00 99934 124844 |13.72 1651
70220-T-P4/ﬁ4s 60 | 150 | 300 600 | 0.545 0.79¢ 1.065 11471 3.174 4,529 5.714 7138 0.00054 0.
2MV/MM9124\/+/I(290 780| 1560 2800 102.84  151.29 #04.63 27372 | 590.28| 859.91  1082.79 1319.88 | 1499  17.53
7024C-T-P4/F{4S 65 | 175 | 350 650 | 0.588 0.86$ 1.170 1/565 3.371 4.917 6.191 7.547  0.00059 0.
2MV/MM9126V+/IC330 890| 1780 3670 10511  154.61 #08.48 20278 | 613.01| 897.71 113237 1428.16 | 17.02  19.56
70260-T-P4/ﬁ4s 75 | 200 | 400 825 | 0.601 0.884 1.192 11674 3.501 5.133 6.474 8.166  0.00067 0.
2MV/MM9128\/+/I(380 1000 2000 3890 112.99  166.85 st.az 30852 | 66459  963.80 1214.17 1501.97 | 17.78  20.32
7028C—T—P4/#4S 85 | 225 | 450 875 | 0.646 0.954 1.200 1/764 3.795 5511 6.942 8.588  0.00070 0.
2MV/MM913OV+/IGRO 1110 2450 4450 12295  177.87 bso.es 331.96 | 721.78 102434 1332.00 1612.33 | 17.78  24.89
70300-T-P4/ﬁ4s 100 | 250 | 550| 1000 | 0.703 1.0347 1.433 1.898 4122 5.857 7.616 9.219  0.00070 O
2MV/MM9132\/+/|C‘H$0 1330 2670 5340 130.13 19431 P62.35 363.44 | 76023 111605 1405.76 1754.23 | 20.83  23.37
7032C_T_p4/q43110 3000 600 1200  0[744 1.111 ‘ 1.500 2.078 4341 6.381 8/038  |10.030 | 0.00082  0.0009
2MV/MM9134V+/IC5|30 1670 3340 6670 141.49  215.83 P91.56 403.84 | 83957 126485 1592.71 1987.51 | 24.38  26.16
7034(:.T.P4/d45130 375 750 1500  0.809 1.234 ‘ 1.667 2.309 4794 7.229 9/106  |11.364 | 0.00096 0.0010
2MV/MM9136W|@§0 1730 3470 6940 14324  209.53 P82.64 39055 | 854.72] 124003 1566.02 195650 | 24.13  28.19
7036C_T_p4/q4g150 390 780 1560  0.819 1.198 ‘ 1.616 2.233 4.881 7.095 8/954  |11.186 | 0.00095 0.0011
2MV/MM9140V+/I(930 2220 4450 8900 170.00  240.49 F24.09 447.92 | 100458 139679 1760.98 2198.74 | 2515  31.50
704OC_T_p4/44§10 500, 1000 2000  0/972 1.375 ‘ 1.853 2.561 5.737 7.986 10.069 | 12.571| 0.00099  0.001:
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

3MV/MM9100WI (7000E-...-P4/P4S)
DUPLEX PERFORMANCE DATA

‘ Preload Axial Stiffness Radial Stiffned® Spacer Offsetd)
Eﬁarg;onegr DUX| DUL| DUM| DUH| _ _ , X-light to Light to| Med. to
. . X-light Light Med. Heavy  X-light Light Med. Heavy
X-light Light | Med. | Heavy Light | Med. | Heavy
O O I B e e I B B Ul
3MV/MM9100W|GR 20 45 90 21.54 3044 39|23 51.11 — 63.42 80.40 100.86‘ 0.76 1.78 2.79
7000E.T.p4/d4s— 5 10 20 0.12% o.1r74 0,224 0.292 — 0.363 0.460 0.5*(7 0.00003  0.00007 ¢
3MV/MM9101W|CR 45 | 90| 180 28.6$ 4545 58,59 77.10 — 0327 |117.34 146.4q 1.02 2.29 3.56
7001E_T_p4/|:+43— 10 20 40 O.lGF 0.458 0.335 0.440 — 0.533 0.671 0.8?7 0.00004 0.00009
3MV/MM9102V+/|CR 45 | 90| 180 30.6* 50.¢8 6558  85.94 — 9934 |125.12 156.34’ 102 381 432
7002E_T.p4/d4s— 10 20 40 0.17F 0.489 0.374 0.491 — 0.568 0.715 0.8P4 0.00004 0.00015
3MV/MM9103\4/|CR 65 | 160| 220 30.6# 55.?3 7733 89.38 — 113.84 | 149.87 167.7* 1.02 5.33 3.81
70035_T_p4/d45— 15 35 50 0.17F oqls 0.442 0.510 — 0.651 0.857 0.9F9 0.00004 0.00021
3MV/M Mglo4\4,|eﬁ 90 | 180| 330 40.4{ 6677 86,69  111.16 — 137.86 | 173.36 212.0? 203 305 457
7004E_T_p4/d43— 20 | 40| 75 0.23P O.%Bl 0.495 0.635 — 0.788 0.991 1.2P2 0.00008  0.00012
3MV/MM9105\/+/|C—R 90 | 220| 400 52.9? 74.?3 104.70  132.20 — 153.93 | 208.66 251.717 0.76 3.81 6.35
70055_T_P4/d45— 20 50 90 0.30P 0.124 0.598 0.755 — 0.880 1.193 1.4Fo 0.00003 0.00015
3MV/MM9106\4/|0R 130 | 290| 530 60.5P go.Fe 121.43  155.04 — 19536 | 252.33 306.5*7 1.27 3.3 7.37
7oer-T-p4/d4s— 30 65| 120 0.34’6 o.$18 0.693 0.885 — 1.117 1.443 1.455 0/00005  0.00013
3MV/MM9107\4/|CR 160 | 360 710 68.7%1 103{.35 140.95  185.62 — 22251 | 293.03 365.%6 2.03 5.33 5.3
7007E_T_p4/445— 35 80| 160 0.3%3 0.%90 0.805 1.060 — 1.272 1.675 2.q92 0/00008  0.00021
3MV/MM9108\4,|CR 180 | 440| 760 78.0P 113{.06 159.90  197.67 — 24301 | 329.06 389.T6 127 508 6.3
70085-T_p4/445— 40 | 100 17 o.mre o.F46 0.913 1.129 — 1.389 1.881 2#29 000005  0.0002
3MV/MM9109W|CR 220 | 560/ 980 87.9’7 131‘.08 18523  232.10 — 280.98 | 380.67 455.?6 254 432 7.1
7009E_T_p4/|:+43— 50 | 125 22 0.5¢3 0.‘749 1.058 1.325 — 1.607 2.176 2.§07 0.0001  0.00017
3MV/MM9110\,+,|@10 240/ 670 1070 109‘.84 142.02 207.61 |250.63 | 227.34| 30130  419.66 4¢7.34 3.81 9.65 (
7010E_T.p4/d4525 55| 150 240 o.qzs 0‘.812 1.187 1.433 1.298 1.723 2.399 }2.786 0.00015 0.00038
3MV/MM9111\4,@30 330] 780 1330 120‘.33 1q3.53 P25  |278.97 | 253.11| 35442  469.41 5%7.84 533 914 ¢
7011E_T_p4/d4s30 75| 175 300 o.qss o‘.935 1.287 1.595 1.445 2.026 2.684 F.lgo 0.00021  0.00036
3MV’MM9112V+"G‘50 360| 890 1450 129‘.95 143.33 24521 |297.68 | 278.69| 37544 50840 5?3.68 533 1016
7012E-T.P4/F+4s35 80| 200 325 0.7‘43 0‘.991 1.402 1.702 1.591 2.147 2.907 F.394 0.00021  0.0004
3MVIM M9113\4/|d|80 360, 890 1560 140‘.62 148.92 25291 31622 | 303.09| 38833  526.36 6?9.45 432 991
70135_T_p4/ﬁ4s40 80| 200 350 o.qo4 1‘.023 1.446 1.808 1.731 2.220 3.010 F.sgg 0.00017  0.00039
3MV/MM9114\4,|@Q0 440 1110 2000 144.32 1?7.64 278.97 | 35242 | 316.28) 42312 57364 6?2.20 559  11.18
7014E_T-p4/d4345 100| 25 450 Oﬁ48 *.13 1.595 2.015 1.806 2.419 3.280 F.gss 0.00022  0.00044
3MV/MM9115\4/|@20 490 1220 2110 15%.16 41.45 298.73 | 371.31 | 34043 45213  612/48 7?9.26 584  11.43
7015E_T_p4/ﬁ4550 110| 275 475 o.{a1 1‘.209 1.708 2.123 1.944 2.585 3.502 }4.170 0.00023  0.00045

(UFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS

MOUNTING ARRANGEMENTS

S Y S
: A ) : A : J
Back-to-Back Tandem
DB DT
Preload ‘ Axial Stiffne$s
Bearing J
Number | DUX| DUL | DUM| DUH| _ i
. . X-light Light Med. Heavy  X-ligh
X-light Light | Med. | Heav
N N N ‘ N/um N/um N/um N/um N/um
Ibs. Ibs. Ibs. Ibs. | 1@ Ibs./in| 1 Ibs./in| 1 Ibs./in| 1 Ibs./in.| 1( Ibs./in,
3MV/MMO116WIGRO | 620 1560 26‘70 17q.53 24014  339.13 | 420.11
7016E-T-P4/P4S55 | 140 35 6(?0 0.?75 1.373 1.939 2.402
3MV/MMO117WIGR0 | 670 1670 ZSPO 18#.72 253.95  858.89 | 446.69
7017E-T-P4/P4s60 | 150| 375 eéro 1.(?39 1.452 2.052 2.554
3MV/MMO118WIGR0 | 760 1780 33Fo 183*99 2627  362.22 | 465.06
7018E-T-P4/P4s65 | 170 40 7%0 1.¢52 1.502 2.071 2.659
3MV/MMO119WIGQ0 | 820| 198D 34Fo 19%.96 279.32  888.98 | 485.17
7019E-T-P4/P4s65 | 185| 448 7‘{5 1.#09 1.597 2.224 2.774
3MV/MM9120WIG30 | 850 2000 35Fo 204.08 29051  401.92 |505.11
7020E-T-P4/P4S75 | 190| 45 8(?0 1.#84 1.661 2.298 2.888
3MV/MMO121WISE0 | 960| 205D 40?0 214(.4 308.35  409.62 |537.82
7021E-T-P4/P4s80 | 215 46 9%0 1.443 1.763 2.342 3.075
3MV/MM9122WIER0 1110 2670 48{90 23%.62 387.91 469.43 596.76
7022E-T-P4/P4s90 | 250/ 60 11400 1.?3 1.932 2.684 3.412
IMV/MMO124WIGKO | 1220 2890 51‘20 25*33 3590.94 49759 | 624.04
7024E-T-P4/Pasl00 | 275 650 1#50 1.}437 2.058 2.845 3.568
3MV/MM9126WIGR0 | 1510 3670 66‘70 25?.03 38181 [533.1 | 676.16
7026E-T-P4/Pasll5 | 340 825 1#00 1.%181 2.183 3.048 3.866
3MV/MMO128WIG80 | 1560 3890 65%90 271(.22 39755 561.08 | 704.5
7028E-T-P4/P4sl30 | 350 875 1%&50 l.FBS 2.273 3.208 4.028
3MV/MM9130WIERO 1780 4450 Sqlo 297(.16 428.16 604.1 762.74
7030E-T-P4/P4sld5 | 400/ 1000 1?00 1\699 2.448 3.454 4.361
3MV/MMO132WIdIE0 | 2220 5340 sqoo 31?.54 470.66 655 802.44
7032E-T-P4/P4s170 | 5000 1200 2Poo 1}827 2.691 3.745 4.588
3MV/MM9134WI®30 | 2780 5780 11%60 35?.42 531 598.73 | 918.4
7034E-T-P4/P4210 | 625/ 1300 2*500 2\055 3.036 3.995 5.251
3MV/MM9136WIdE20 | 3110 6230 12%160 35?.55 53379 | 691.9 | 908.78
7036E-T-P4/P4230 | 700/ 1400 2?00 4.05 3.052 3.956 5.196
3MV/MM9140WIERE0| 3780 8900 16p10 39F.62 588.71 [812.24 | 1025.61
7040E-T-P4/P4<280 | 850/ 2000 3#00 2\262 3.366 4.644 5.864

SPINDLE BEARINGS « EXTRA-LIGHT ISO 10 SERIES

Face-to-Face

Radial Stiffned® Spacer Offsetd)
; Light Med! Hea\)fglight to Light to| Med. to
Light | Med. | Heavy
N/um N/um N/um pum pm um
1@ Ibs.fin{1® Ibs./in|1G Ibs./in| in. in. in.
359.22 508.19 68862 818.08 7.37 12.7 ]
2.051 2.906 3.937 4.677 0.00029  0.0005
383.57 537.29 727(78 867.49 7.37 12.95
2.190 3.072 4.161 4.960 0.00029 0.00051
394.38 565.75 751.98 919.61 8.38 12.95 ]
2.252 3.235 4.300 5.258 0.00033  0.00051
405.28 601.34 804,52 960.71 8.89 13.72
2.314 3.438 4.600 5.493 0.00035 0.00054
442.97 625.70 83321 1001.76 8.13 13.21
2.530 3.578 4.764 5.728 0.00032  0.00052
448.80 652.64 841.25 1051.10 8.89 12.19
2.563 3.732 4.810 6.010 0.00035 0.00048
487.78 718.63 961,43 1167.28 9.91 15.24
2.785 4.109 5.497 6.674 0.00039  0.0006
523.58 764.45 1016.78  1220.33 10.16 15.49
2.99 4.371 5814 6.977 0.0004  0.00061
538.89 814.82 1093.67  1324.03 12.45 18.8
3.077 4.659 6253 7.570 0.00049  0.00074
583.89 848.49 1150.30 1381.06 11.68 19.3
3.334 4.851 6,577 7.896 0.00046  0.0007¢
617.68 908.66 1232.22 1487.09 12.45 20.57
3.527 5.195 7.045 8.503 0.00049  0.0008:
667.54 1001.74  1338.58 1576.11 14.73 221
3.812 5.7128 7.653 9.012 0.00058 0.0008
742.80 1123.56 1433.83 1791.10 16.51 19.56
4.242 6.424 8.198 10.241 0.00065 0.0007
742.4Q 113557 1431.01 1788.58 18.54 20.32
4.239 6.493 8,182 10.226 0.00073  0.0008
818.74 125144  1662.98 2007.43 20.32 28.96
4.675 7.155 9.508 11.478 0.0008  0.0011
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

2MV/MM9100WI (7000C-...-P4/P4S)
SPEED CAPABILITY DATA

‘ Grease Capacify Operating Speeé (DB Mounting)
. . Timken
Fafnir Bearing :
ISO Bearing | | ow Speet High Spee® Grease ol
Number NUmToE ‘ p gh Sp

‘ 25% | 40% 10% 159 DUL DUM DUH D%L Dl*M DUH

‘ grams | grams| grams| grams RPM RPM RPM RPM ‘ RPM ‘ RPM
IMV/IMMOI00WICR  7000C-T-PO/@S| 040, 010 020 54800 41100 27400 93200 69900 46600
2MV/MMOI0IWICR  7001C-T-PO/BES| 040 010 020 45800 34400 22900 77900 58500 38900
IMV/IMMO102WICR  7002C-T-PO/B8S| 050, 015 020 38900 29200 19400 66100 49600 33000
OMV/MMO103WICR  7003C-T-PO/R@S| 070 020 030 34500 25900 17200 58700 44000 29200
OMV/MMO104WICR  7004C-T-PO/P@S| 120 035 050 29700 22300 14800 50500 37900 25200
IMV/MMO105WICR  7005C-T-PO/B@S| 1.40|  0.40 060 24700 18500 12400 42000 31500 21100
IMV/MMO106WICR ~ 7006C-T-P4/B@S| 200, 055 080 20400 15300 10200 34700 26000 17300
OMV/MMO107WICR  7007C-T-Pa/B@s| 260 075  1.10 18100 13600 9000 30800 23100 15300
OMV/MMO108WICR  7008C-T-Pa/B@s| 320 090  1.40 15900 11900 8000 27000 20200 13600
IMV/MMO109WICR  7009C-T-Pa/B@s| 4.00| 110 170 14300 10000 7200 24300 16200 12200
JMV/MMO110WICR  7010C-T-Pa/B@s| 440, 125  1.90 13000 9800 6500 22100 16700 11100
OJMV/MMOL11WICR  7011C-T-P4/p@S| 640 | 175 270 11800 8800 5900 20100 15000 10000
OMV/IMMOL12WICR  7012C-T-P4ipas| 6.80|  1.90,  2.80 10900 8200 5400 18500 13900 9200
IMV/MMO113WICR  7013C-T-P4/B8S| 7.0 200  3.00 10200 7600 5100 17300 12900 8700
IMV/IMMO114WICR  7014C-T-P8/BS| 10.00 2.80 420 9400 7000 4700 16000 11900 8000
SMV/MMO115WICR  7015C-T-P6/B@S| 10.60] 295 440 8800 6600 4400 15000 11200 7500
JMV/MMO116WICR  7016C-T-P8/B@8S| 13.80] 385 580 8200 6200 4100 13900 10500 7000
IMV/MMO117WICR  7017C-T-P8/@@s| 1450 405 600 7800 5800 3900 13300 9900 6600
IMV/MMO118WICR  7018C-T-PHIPME| 18.80 520  7.80 7400 5500 3700 12600 9400 6300
OMV/MMO119WICR  7019C-T-PEZEMS| 1950  5.45 810 7000 5200 3500 11900 8300 6000
OMV/MMO120WICR  7020C-T-PH2PME| 19.40 540 810 6600 5000 3300 11200 8500 5600
IMV/IMMOI21WICR  7021C-T-PHB(E| 2540  7.05  10.60 6300 4700 3200 10700 8000 5400
IMV/IMMO122WICR  7022C-T-PH8E(E| 30.20 840  12.60 6000 4500 3000 10200 7700 5100
OMV/MMO124WICR  7024C-T-P20F(5| 32.80 910  13.70 5500 4100 2800 9400 7000 4800
IMV/MMO126WICR  7026C-T-P1PES|  50.70 1410 2110 5100 3800 2600 8700 6500 4400
IMV/MMO128WICR ~ 7028C-T-PRIS|  54.00 1505 2250 4700 3500 2400 800D 6000 4100
IMV/MMO130WICR  7030C-T-PAIPMB|  65.70 1825 2740 4500 3400 2200 7700 5800 3700
OMV/MMO132WICR ~ 7032C-T-PA1FOfS|  81.60 2270 3410 4200 3100 2100 7100 5300 3600
OMV/IMMO134WICR  7034C-T-P@GE3MS| 10600 2950 44120 3900 2900 2000 6600 4900 3400
IMV/IMMOI36WICR  7036C-T-PE@MS| 14150 3935 5900 3700 2800 1800 6200 4700 3100
2MV/IMMO140WICR  7040C-T-A@P88| 19350 53.80  80.70 3300 2500 1600 5600 4300 2700

(Fill weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(5For other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.

160 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

3MV/MM9100W!I (7000E-...-P4/P4S)
SPEED CAPABILITY DATA

‘ Grease Capaci®y Operating Spee¢fs (DB Mountind)
. . Timken
Fafnir Bearing :
ISO Bearing | | ow Spee® High Spee® Grease il
Number N ‘ p gh Sp

‘ 25% | 40% | 10%| 159 DUL DUM DUH DL*L DqM DUH

‘ grams | grams| grams| grams RPM RPM RPM RPM ‘ RPM ‘ RPM
3MV/MMO100WICR  7000E-T-P@/P8S| 040 010 020 49320 36990 24660 83880 62910 41940
3MV/MMOI0IWICR  7001E-T-P@/B@S| 040 010 020 41220 30960 20610 70110 52650 35010
3MV/MMO102WICR ~ 7002E-T-P@/B8S| 050 015 020 35010 26280 17460 59490 44640 29700
3MV/MMO103WICR  7003E-T-P@/R@S| 070 020 030 31050 23310 15480 52830 39600 26280
3MV/MMO104WICR  7004E-T-P@/P@s| 1.20| 035 050 26730 20070 13320 45450 34110 22680
3MV/MMO105WICR  7005E-T-P@/B@S| 1.40|  0.40 060 22230 16650 11160 37800 28350 18990
3MV/MMO106WICR  7006E-T-P4/B8S| 2.00| 055 080 18360 13770 9180 31230 23400 15570
3MV/MMO107WICR  7007E-T-P4/B@S| 2.60| 075  1.10 16290 12240 8100 27720 20790 13770
3MV/MMO108WICR  7008E-T-P2/P@s| 320 090  1.40 14310 10710 7200 24300 18180 12240
3MV/MMO109WICR  7009E-T-P2/B@s| 4.00| 110 170 12870 9000 6480 21870 16380 10980
3MV/MMO110WICR  7010E-T-P2/B@8S| 4.40| 125  1.90 11700 8820 5850 19890 15030 9990
3MV/MMO111WICR  7011E-T-PA/B@S| 640 175 270 10620 7920 5310 18090 13500 9000
3MV/MMO112WICR  7012E-T-P4/R@s| 680 1.90 280 9810 7380 4860 16650 12510 8280
3MV/MMO113WICR  7013E-T-PA/B@s| 720 200  3.00 9180 6840 4590 15570 11610 7830
3MV/MMO114WICR  7014E-T-P&/B8S| 10.00  2.80 420 8460 6300 4230 14400 10710 7200
3MVIMMILISWICR ~ 7015E-T-P&B@S|  10.60  2.95 440 7920 5940 3960 13500 10080 6750
3MVIMMOL16WICR  7016E-T-P&B@s| 13.80  3.85 580 7380 5580 3690 12510 9450 6300
3MV/MMO117WICR  7017E-T-P@/@@s| 1450 405 600 7020 5220 3510 11970 8910 5940
3MV/IMMO118WICR  7018E-T-PLIPAS| 18.80  5.20 7.80 6660 4950 3330 11340 8460 5670
3MV/IMMOL1O9WICR  7019E-T-PEZERS| 1950  5.45 810 6300 4680 3150 10710 7920 5400
3MV/IMMO120WICR  7020E-T-PI2PME| 19.40  5.40 810 5940 4500 2970 10080 7650 5040
3MV/IMMOI2IWICR  7021E-T-PHERIS| 2540  7.05  10.60 5670 4230 2880 9630 7200 4860
3MV/IMMO122WICR ~ 7022E-T-PH@RrS|  30.20 840  12.60 5400 4050 2700 9180 6930 4590
3MVIMMO124WICR  7024E-T-P20FB|  32.80  9.10 1370 4950 3690 2520 8460 6300 4320
3MV/IMMO126WICR  7026E-T-PA1PAB|  50.70 1410 2110 4590 3420 2340 7830 5850 3960
3MV/IMMOI28WICR  7028E-T-PAZBIS| 54.00 1505 2250 4230 3150 2160 7200 5400 3690
3MV/IMMO130WICR  7030E-T-PAIPUB| 6570 1825 2740 4050 3060 1980 6930 5220 3330
3MV/IMMO132WICR  7032E-T-PAffers| 81.60 2270 3410 3780 2790 1890 6390 4770 3240
3MV/IMMO134WICR  7034E-T-PE6RRIB| 10600 29.50 4420 3510 2610 1800 5940 4410 3060
3MV/IMMO136WICR  7036E-T-Page#s| 14150  39.35 59,00 3330 2520 1620 5580 4230 2790
3MV/IMMO140WICR  7040E-T-P@P4B| 19350 53.80  80.70 2970 2250 1440 5040 3470 2430

(@Fill weights based on speci c gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(5For other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

\WN NSTR TION
2(3)MMV9100HX (HX7000C(E)-...-P4s)”/ |\ “ONS TRUETIO R
|SUPER PREC'S'ON MMV ;nc(jC):)pUCi(r::tﬁigcs)WS oulder on non-thrust side of both inner

Running accuracy and performance meet ABEC 9 (ISO P2) levelsgg|is separated by one-piece cage piloted against a ground
Other features conform to ABEC 7 (ISO P4) requirements. thrust shoulder land of the outer ring.

HIGH-SPEED SEAL OPTION

Available with non-contact seals. Add VV suf x to part number (in
place of CR cage designation). Ex: 2MMV9106HXVV SUL.

Bearing 15 (C/2) Load Ratings 25 (E/3) Load Ratings

i\lsurgl;)g) Steel Ball Ceramic Ball Steel Ball ‘ Ceramic Ball

o5 oé/g) d D C QBt?/"X Bearing G | Ce Speed G Ce Speed G | Ce | Speed | G Ce Speed

Bore | O.D. |Width®) Di 6.1 Wi. Static | DynamicRating\9) Static | DynamicRatingNg) Static Dynami%RatingNg Static | DynamicRatingN9)
mm mm mm mm kg N N N N N N N N
in. | in. | in. | in. | Ibs. | Ibs. ‘ bs. | "PM 1 ps. | b, | RPM s ‘ Ibs. ‘ RPM ‘ bs. | Ibs. | RPM

9100H 10 26 8 10x4.0 0.018 lhBO 3310 85800 1050 3310 1025*60 1#40 3?170 77200 1010 3170
HX7000 0.3937 1/0236 |0.3150 | 10x 0.44 270 740 85800 240 740 ‘ 1025%60 #60 710 77200 230
9101H 12 28 8 11x4/0 0.021 12#30 3560 75200 1200 3560 902*40 1#90 #380 67680 1160 3380
HX7001 0.4724  1]1024 |0.3150 11x 0.0416 300 800 75200 270 800 ‘ 902#0 ZFO 760 67680 260
9102H 15 32 9 12x4.8 0.027 Zhlo 5210 64300 1880 5210 771#0 2410 4}980 57900 1790 4980
HX7002 0.5906 1/2598 |0.3543 | 12x O.q6 470 1170 64300 420 1174 771\60 450 1120 57900 400
9103H 17 35 10 11x4.8 0.037 ZbOO 4890 56800 1780 4890 681*30 15410 4}670 51120 1690 4670
HX7003 0.6693 1,378 0.3937 11x 0.0%Z 450 1100 56800 400 110b 68h60 ‘430 1050 51120 380
9104H 20 42 12 12x 6.4 0.064 #740 8730 48900 3330 873C 586%0 3$YO #370 44000 3180 8370
HX7004 0.7874 16535 |0.4724 12 x Y 0.1\4 840 1960 48900 750 196(# 58480 $00 1880 44000 710
9105H 25 a7 12 13x6.4 0.073 4}240 9190 40700 3770 919C 488%10 4¢SO #760 36600 3590 8760
HX7005 0.9843 18504 |0.4724 13 x % 0.1\6 950 2070 40700 850 207(# 48440 §10 1970 36600 810
9106H 30 55 13 14x7.1 0.104 #850 11900 | 33600 5210 11900 40#20 SFOO Jr1300 30200 4990 11300
HX7006 1.1811 2/1654 |0.5118 | 14x 0.2‘3 1320 2680 33600 1170 268b 40#20 #260 2550 30200 1120
9107H 35 62 14 15x7.9 0.145 #770 15000 | 29800 6920 15000 35#60 7%30 Jr4300 26800 6620 14300
HX7007 1.378 2.4409 0.5512 | 15x 0.3# 1750 3380 29800 1560 338¢) 35‘*60 #670 3220 26800 1490
9108H 40 68 15 16x7.9 0.181 4510 15500 | 26200 7580 15500 31440 8b90 Jr4700 23600 7200 14700
HX7008 1.5748 26772 0.5906 | 16 x 0.4‘0 1910 3490 26200 1700 349b 31%140 #820 3310 23600 1620
9109H 45 75 16 17x8.7 0.224 lb990 19170 23600 9740 191770 28‘320 ﬂ0410 ‘18190 21240 9250 18190
HX7009 1.7717 2/9528 0.6299 | 17 x 0.4P4 2470 4310 23600 2190 43*0 2#320 ‘2340 4090 21240 2080
9110H 50 80 16 18x 8.7 0.239 1‘1790 19710 | 21500 10500 19710 25‘800 ﬂlZSO ‘18680 19350, 10010 18680
HX7010 1.9685 3/1496 0.6299 | 18 x 0.%28 2650 4430 21500 236 44#0 2#800 ‘2530 4200 19350 2250
9111H 55 90 18 24x7.9 0.399 lFSOO 19400 | 18700 | 1200 19400 22%140 1‘2800 ‘18300 16900 11400 18300
HX7011 2.1654 3/5433 |0.7087 | 24 x 0.48 3030 1360 18700 2700 436b 22%100 #880 4120 16900 2560
Ol12HX 60 | 95 | 18| 25x7.9 0.426 14200 19700 | 17400 12600 19700 20880 13400 |18600 | 15700 11900 18600
HX7012 2.3622  3/7402 |0.7087 | 25x 0.5#4 3190 41420 17400 2840 442b 20+380 #010 4180 15700 2680

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(width tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(@Fill weights based upon speci ¢ gravity of 0,99.

(3 is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

-— Cﬂ
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Suggested Shoulder Diameters Fixed Floating

Shaft Diameter Mounting Fits

|
Rar 4@ Shaft Housing '_zgltjasti%?];%e Mounting Fits ?gl::tlg%aBr?/;e Mounting Fits
Max. Min. Max. Min. Max. Min.| Loose Tight Max. Min. Tight Lo%se r\+ Min.  Loose Loose
r_nm mm r‘_nm r‘_nm r_nm r_nm r_nm r_nm r_nm mm mm mm ‘ m ‘ r_nm mm
n. n. n. in. in. n. n. n. n. n. n. n. n. n.
0.3 13.6 13.3 23.2 23 10,000  9.995 0.005 0.004 | 26.005 26.000 O. OO olmo 26.010 |26.005  0.015
0.012 0.54 0.53 0/92 0.91 0.39370 | 0.39350 0.00020 0/00015 |1.02380 1.023%‘)0 0.0bOOO 0.00040 | 1.02400 1.02380

0.3 16.1 15.9 255 253 12,000 11.995 | 0.005 0.004 28.005  28.000 0.4)00 4.010 28.010 | 28.005 0.015
0.012 0.64 0.63 1/01 1.00 0.47240 | 0.47220 0.00020 0.00015 |1.10260 1.102)40 0.0bOOO 0.00040 | 1.10280 1.10260
0.3 19.2 18.9 28.6 28.3 15,000 14.995 | 0.005 0.004 | 32.005 32.000 0.4)00 d.Oll 32.010 | 32.005 0.016
0.012 0.76 0.75 1113 1.12 0.59060 | 0.59040 0.00020 0.00015 |1.26000 1.259#30 0.0bOOO 0.00045 | 1.26020 1.26000
0.3 21.7 21.5 311 30.9 17,000 16.995 | 0.005 0.004 | 35.006 35.000 0.4)00 4.012 35.010 | 35.005 0.016
0.012 0.86 0.85 1123 1.22 0.66930 | 0.66910 0.00020 0.00015 |1.37830 1.378b0 0.0bOOO 0.00050 | 1.37840 1.37820
0.6 25.0 24.8 37.7 37,5 20.000 19.995 | 0.005 0.005| 42.006 42.000 0.4)00 4.012 42.010 | 42.005 0.016
0.024 0.99 0.98 1149 1.48 0.78740 | 0.78720 0.00020 0.00020 |1.65380 1.653#50 0.0bOOO 0.00050 | 1.65390 1.65370
0.6 30.1 29.9 42.6 423 25000 24.995 | 0.005 0.005| 47.006 47.000 0.4)00 4.012 47.012 | 47.007 0.018
0.024 1.19 1.18 1/68 1.67 0.98430 | 0.98410 0.00020 0.00020 |1.85070 1.850)40 0.0bOOO 0.00050 | 1.85090 1.85070
1.0 36.20 35.90 507 50.4 30.000 29.995 0.005 0.005 55.008 55.000 OlOOO (b.OlS 55.012 | 55.007 0.019
0.039 1.43 1.42 2/00 1.99 1.18110 | 1.18090 0.00020 0.00020 |2.16570 2.165%10 0.0bOOO 0.00060 | 2.16590 2.16570
1.0 41.2 40.6 56.6 56.1 35.000 34.995 | 0.005 0.006 62.008 62.000 0.4)00 4.015 62.012 | 62.007 0.019
0.039 1.62 1.60 2|23 2.21 1.37800 | 1.37780 0.00020 0.00025 |2.44120 2.440?0 0.0bOOO 0.00060 | 2.44140 2.44120
1.0 46.2 45.7 62.2 61.7 40.000 39.995 | 0.005 0.006 68.008  68.000 0.4)00 4.015 68.012 | 68.007 0.019
0.039 1.82 1.80 245 2.43 1.57480 | 1.57460 0.00020 0.00025 |2.67750 2.677%0 0.0bOOO 0.00060 | 2.67770 2.67750
1.0 51.8 51.3 69.3 68.8 45,000 44.995 | 0.005 0.006 75.008  75.000 0.4)00 4.015 75.014 | 75.009 0.022
0.039 2.04 2.02 2|73 2.71 1.7717 | 177150 0.00020 0.00025 |2.95310 2.952#0 0.0#)000 0.00060 | 2.95330 2.95310
1.0 56.6 56.1 74.2 73.7 50.000 49.995 | 0.005 0.006 | 80.008 80.000 0.4)00 4.015 80.012 | 80.008 0.020
0.039 2.23 2.21 292 2.90 1.96850 | 1.96830 0.00020 0.00025 |3.14990 3.149%30 0.0bOOO 0.00060 | 3.15010 3.14990
1.0 62.7 62.2 83.3 82.8 55,000 54.995 | 0.005 0.007 90.008  90.000 0.4)00 4.016 00.015 | 90.007 0.023
0.039 2.47 2.45 3,28 3.26 2.16540 | 2.16520 0.00020 0.00030 |3.54360 3.543#0 0.0bOOO 0.00060 | 3.54390 3.54360
1.0 67.8 67.3 88.1 87.6 60.000 59.995 | 0.005 0.007 95.008  95.000 0.4)00 d.OlG 05.016 | 95.009 0.024
0.039 2.67 2.65 3147 3.45 2.36220 | 2.36200 0.00020 0.00030 |3.74050 3.740?0 0.0bOOO 0.00060 | 3.74080 3.74050

Continued on next page.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERoAinued

2(3)MMV9100HX (HX7000C(E)-...-P4S WN CONSTRUCTION
SUPER PRECISION MMV

Running accuracy and performance meet ABEC 9 (ISO P2) levelsgy)is separated by one-piece cage piloted against a ground
Other features conform to ABEC 7 (ISO P4) requirements.

Bearing
Number
15 C/®

or
25 E/®)

9113H
HX7013
9114H
HX7014
9115H
HX7015
9116H
HX7016
9117H
HX7017
9118H
HX7018
9120H
HX7020
9122H
HX7022
9124H
HX7024

d D
Bore | O.D
mm mm
n. n.
65 100
25%91 3
70 110
2.7559 4
75 115
29528 4
80 125
3.1496 4
85 130
3.3465 5
90 140
35433 5
100 150
39370 5
110 170
43307 6
120 180
4.7244 7

Incorporates low shoulder on non-thrust side of both inner

and outer rings.

thrust shoulder land of the outer ring.

HIGH-SPEED SEAL OPTION

Available with non-contact seals. Add VV suf x to part number (in
place of CR cage designation). Ex: 2MMV9106HXVV SUL.

25 (E/3) Load Ratings

15 (C/2) Load Ratings
Steel Ball Ceramic Ball Steel Ball
© £l Bearing G | C Speed| G C Speed| G | C | Speed
. | Width®) QDti};.X Wt. | Static |DynamicRatingN9) Static | DynamicRatingN9) Static Dynami%RatingNg
FL B S ‘ bs. | RPM | pe | pe | RPM | ‘ bs. ‘ RPM
18| 25xB7 0445 17100 (23500 | 16400 15200 23500 19680 16200
9370 |0.7087 | 25x 098 3850 5280 16400 | 3430 5280 19680
20| 25x9.5 0.626 20400 27500 | 15000 18100 27500 18000 19200
3307 (0.7874 | 25x 138 4580 6180 15000 | 4080 6180 18000
20| 26x9.5 0.658 21300 27900 | 14200 19000 27900 17040 20100
5276 (0.7874 | 26x 145 4790 6270 14200 | 4260 6270 17040
22| 25x111 0875 27600 |36500 | 13200 24600 36500 15840 26200
9213 |0.8661 | 25x 193 6210 8210 (13200 | 5530 8210 15840
22| 26x111 0016 29000 |37100 | 12600 25800 37100 15120 27300
1181 0.8610 | 26x 202 6510 8330 |12600 | 5790 8330 15020
24| 28x111 1220 31300 [38400 | 11700 27900 38400 14040 29400
5118 |0.9449 | 28x 271 7040 8630 11700 | 6260 8630 14040
24| 27x127 10288 39300 48200 | 10800 35000 48200 12960 37000
9055 0.9449 | 27x% 284 8840 10800 | 10800 7870 10800 12960
28| 30x127 2\132 43800 |50400 | 9500 38900 50400 11400 40800
6929 (11024 30x% 470 9840 113000 | 9500 | 8760 113000 11400
28| 20x143 20218 53700 |61700 | 8900| 47800 61700 10680 50200
0866 |1.1024 | 29 x 480 12100 139000 | 8900 | 10700 139000 10680

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Wwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).
(2Fill weights based upon speci ¢ gravity of 0,99.
(3 is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.
(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle
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G
Static

N
Ibs.

22200
3640
85900

4330

26408

4520

34400
5880
35000
6140
36200
6600
45500
8330
47500
9180
58100
11300

Ceramic Ball
G Speed
DynamicRatingN9)
Il,)\ls. RPM
14800/ 14400
4990 14800
13500/ 17100
5830 13500
12700/ 17900
5930 12700
11900 23300
7740 11900
11300 24300
7870 11300
10500 26100
8150 10500
9700 33000
10200 9700
8560 | 36300
10700 8560
8030 | 44700
1310 8030

22200
3240
85900
3850
26408
4020
34400
5240
35000
5460
36200
5880
45500
7410
47500
8170
58100
10000



SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES
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Floating

Suggested Shoulder Dlameters% Fixed
‘ Shaft Diameter,  Mounting Fits
\

r ; Housing Bore ‘ Housing Bore . .
Rad@ Shaft Housing (Stationary) Mounting Fits | (Stationary) Mounting Fits
Max. Min. Max. Min. Max. Min.| Loose Tight Max. Min. Tight Lo%se V% Min.  Loose Loose
mm mm mm mm mm mm mm mm mm mm mm mm m mm mm
in. in. in. in. in. in. in. in. in. in. in. in. in. in.
1.0 72.6 72.1 93.2 92‘.7 65,000 64.995 0.005 0.007 | 100.008 100.0 l (b 016 [100.018 | 100.010 0.025

0.039 2.86 2.84 367 F.GS 2.55910 | 2.55890 0.00020 0.00030 |3.93730 3.937b0 0.0bOOO 0.00060 | 3.93770 3.93740
1.0 78.2 7.7 102/4 10h..9 70.000  69.995 0.005 0.007| 110.008 110,000 d.OOO ‘0.016 110.018 110.010 0.025
0.039 3.08 3.06 4,03 P.Ol 2.75590 | 2.75570 0.00020 0.00030 |4.33100 4.330P0 0.0bOOO 0.000600 | 4.33140 4.3311C
1.0 83.4 82.7 107(3 10%5.6 75.005  74.995 0.005 0.012| 115.008 115,000 d.OOO ‘0.016 115.019| 115.011 0.026
0.039 3.29 3.26 4123 P.ZO 2.95300 | 2.95260 0.00020 0.00050 |4.52790 4.527#50 0.0bOOO 0.00060 | 4.52830 4.52800
1.0 89.3 88.5 116/5 11*5.7 80.005  79.995 0.005 0.012| 125.008 125,000 d.OOO ‘0.017 125.021| 125.011 0.030
0.039 3.52 3.49 4,59 P.SG 8.14980 | 3.14940 0.00020 0.00050 |4.92160 4.921#0 0.0bOOO 0.00070 | 4.92210 4.92170
1.0 94.9 94.1 122|1 th.S 85.005  84.995 0.005 0.012| 130.009 130,000 d.OOO ‘0.018 130.020| 130.010 0.029
0.039 3.74 3.71 481 P.78 8.34670 | 3.34630 0.00020 0.00050 |5.11850 5.118#0 0.0bOOO 0.00070 | 5.11890 5.11850
15 100.5 99.7 130.9 13‘0.2 90.005 89.995 0.005 0.013| 140.009 140.000 d.OOO ‘0.018 140.020, 140.010 0.029
0.059 3.96 3.93 5/16 E.lS 8.54350 | 3.54310 0.00020 0.00050 |5.51220 5.511%&0 0.0bOOO 0.00070 | 5.51260 5.51220
15 110.6 109.9 140.8 140.1 0.005 |99.995 0.005 0.013  150.009 150.000 b.OOO ‘ 0.018 | 150.023 150.012 0.032
0.059 4.36 4.33 5|55 F.SZ 8.93720 | 3.93680 0.00020 0.00050 |5.90590 5.905%0 0.0bOOO 0.00070 | 5.90640 5.90600
3
2

[y

=

2.0 1231 122. 158.4 1%7.6 10.005 [109.995| 0.005 0.013 170.010 170.000 ‘0.000 ‘ 0.020 | 170.022 170.012 0.032
0.079 4.85 4.8 6,24 #5.21 4.33090 | 4.33050 0.00020 0.00050 |6.69330 6.692P0 0.0bOOO 0.00080 | 6.69380 6.69340
2.0 133.2 132.5 168.3 167.5 120.005 [119.995| 0.005 0.013 180.010 180.000 ‘0.000 ‘ 0.020 | 180.022 180.012 0.032
0.079 5.25 5.22 6/63 #3.60 4.72460 | 4.72420 0.00020 0.00050 |7.08700 7.086%30 0.0bOOO 0.00080 | 7.08750 7.08710
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

2MMV9100HX (HX7000C-...-P4S)
DUPLEX PERFORMANCE DATA

Preload Axial Stiffne$s Radial Stiffned® Spacer Offsetd)
Bearing
Number DUX| DUL | DUM| DUH . . . . X-light to Light to| Med. to
xlight Light| Med. | Heavy X-light Light Med. Heavy  X-light Light Med. HeavyLight Med. | Heavy
N N N N N/pm N/pm N/pm N/pm N/pm N/pm N/pm N/pm um um um
Ibs. Ibs. Ibs. Ibs. |1CGIbs./in| 1@ Ibs./in.| 1¢ Ibs./in.| 1¢ Ibs./in.| 1& Ibs./in| 1¢ Ibs./in.| 1& Ibs./in| 1¢ Ibs./in.|  in. in. in.
2MMV9100HXCR- 20 70 130 — 15.04 23.52 32,08 — 82.03 117.94 147.16 — 9.60 10.16
HX7000C-T-P4S — 5 15 30 — 0.086 0.135 0.183 — 0.469 0.674 0.841 — 0.00038
2MMV9101HXCR 20 70 130 — 14.41 22.56 30,78 — 86.12 124.07 154.96 — 9.60 10.16
HX7001C-T-P4S — 5 15 30 — 0.082 0.129 0.176 — 0.492 0.709 0.886 — 0.00038
2MMV9102HXCR- 20 70 130 — 16.14 25.08 33,98 — 97.10 140.43 175.63 — 8.64 9.15
HX7002C-T-P4S — 5 15 30 — 0.092 0.143 0.194 — 0.555 0.803 1.004 — 0.00034
2MMV9103HXCR- 20 70 130 — 16.76 25.73 34,53 — 101.49 148.00 185.57 — 8.13 8.64
HX7003C-T-P4S — 5 15 30 — 0.096 0.147 0.197 — 0.580 0.846 1.061 — 0.00032
2MMV9104HXCEO 40 133 27 17.37 2251 35.15 47.84 105.04 134.87 194.56 243|111 4.57 12.28 12
HX7004C-T-P4S 5 10 30 60 0.099 0.129 0.201 0.274 01600 0.771 1.112 1.390 0.00018 0.0C
2MMV9105HXCEO 40 130 27 18.28 24,47 37.67 50.65 110.25 148.16 215.62 270|122 4.06 11.68 12,
HX7005C-T-P4S 5 10 30 60 0.104 0.140 0.215% 0.290 01630 0.847 1.233 1.545 0.00016 0.0C
2MMV9106HXCHED 70 200 40 25.54 29/12 45.23 61.28 154.58 175.20 253.36 316/90 3.21 14.22 14.
HX7006C-T-P4S 10 15 45 90 0.146 0.167 0.259 0.350 0.883 1.002 1.449 1.812 0.00013 0.0
2MMV9107HXCERD 70 200 40 27.40 31,83 49.16 66.32 165.77 192.30 279.07 34945 3.00 13.21 13,
HX7007C-T-P4S 10 15 45 90 0.156 0.182 0.281 0.379 0.947 1.100 1.596 1.998 0.00012 0.0
2MMV9108HXCHED 70 200 40 28.55 33/14 51.07 68.74 172.41 200.51 291.49 36523 2.88 14.22 13.
HX7008C-T-P4S 10 15 45 90 0.163 0.190 0.292 0.393 0.985 1.146 1.667 2.088 0.00011 0.0
2MMV9109HXCHERD 90 270 53 28.79 3711 57.16 76.89 170.49 224.52 326.52 409|16 5.33 14.99 16.
HX7009C-T-P4S 10 20 60 120 0.164 0.212 0.327 0.440 0.974 1.284 1.867 2.339 0.00021 0.0
2MMV9110HXCERD 90 270 53 30.00 38,64 59.38 79.72 176.71 234.02 341.02 427|54 5.08 14.22 15.
HX7010C-T-P4S 10 20 60 120 0.171 0.221 0.340 0.456 1.009 1.338 1.950 2.445 0.00020 0.0
2MMV9111HXCR 110 330 670 42.85 5177 80.07 108.14 258.75 312.41 452.90 566.97 B.75 13.46 14
HX7011C-T-P4S 15 25 75 150 0.245 0.296 0.458 0.618 1.478 1.786 2.590 3.242 0.00015 0.0

(LFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS

MOUNTING ARRANGEMENTS

P8 @

Back-to-Back Tandem
DB DT
Preload Axial Stiffne$s ‘ Radial Stiffnedd)
Bearing
Number | DUX| DUL | DUM| DUH . : . .
xlight| Light| Med. | Heavy X-light Light Med. Hea X-light Light Med.
N N N N N/um N/um N/um N/um N/um N/um N/um
Ibs. Ibs. Ibs. Ibs. | 1@ Ibs./in.| 1C Ibs./in.| 1 Ibs./in.| 1 Ibs./in.| 1& Ibs./in.| 1 Ibs./in.| 1& Ibs./in.
2MMV9112HXCR 110 330 670 43.97 53(10 82.01 Jrlo.(il 265.08 320.78
HX7012C-T-P4S 15 25 75 150 0.251 0.304 0.449 0.632 1.514
2MMV9113HXCRS 130 400 800 45.12 58(22 89.90 Jr21.21 268.46 351.81
HX7013C-T-P4S 15 30 90 180 0.258 0.333 0.544 0.693 1.533
2MMV9114HXC80 160 470 930 51.30 63/03 9r.26 Jr31.05 307.82 381.09
HX7014C-T-P4S 20 35 105 210 0.293 0.360 0.5#6 0.749 1.758
2MMV9115HXC80 160 470 930 52.60 64(61 99.54 Jr33.94 314.73 390.85
HX7015C-T-P4S 20 35 105 210 0.300 0.369 0.5(%9 0.766 1.797
2MMV9116HXCRO 200 600 1200 56.45 70.15 108.30 ‘146.02 349.49 439.38
HX7016C-T-P4S 25 45 135 270 0.322 0.401 0.6#9 0.835 1.996
2MMV9117HXCRO 220 670 1330 59.49 76.75 118.46 ‘159.68 353.68 463.90
HX7017C-T-P4S 25 50 150 300 0.340 0.439 0.6*7 0.913 2.020
2MMV9118HXCRO 220 670 1330 62.38 80.38 123.74 ‘166.38 368.73 486.55
HX7018C-T-P4S 25 50 150 300 0.356 0.460 0.74}8 0.951 2.106
2MMV9120HXCR0 270 800 1600 67.55 87.00 133.68 ‘179.46 397.75 526.89
HX7020C-T-P4S 30 60 180 360 0.386 0.497| 0.7%@4 1.026 2.271
2MMV9122HXCI0 290 870 1730 76.40 95.76 147.00 ‘197.22 451.65 580.13
HX7022C-T-P4S 35 65 195 390 0.436 0.548 0.841 1.128 2.579
2MMV9124HXCE0 360 1070 2140 79.34 108.67 166.21 ‘ 222.25 480.39 623.59
HX7024C-T-P4S 40 80 240 480 0.453 0.621 0.9#0 1.271 2.743

SPINDLE BEARINGS « EXTRA-LIGHT ISO 10 SERIES

AL

Face-to-Face

DF
Spacer Offsetd)
Hea\>/();"_ght to Light to| Med. to
Light | Med. | Heavy
N/pm pum pum um
1@ lbs.fin| in. in. in.
465.55 582.98 8.66 13.21 13
1.834 2.662 3.333 0.00014  0.0f
510.67 639.54 5.08 14.22 15
2.012 2.920 3.657 0.00020  0.0f
553.47 693.25 4.66 15.49 16
2.179 3.165 3.964 0.00018 0.0
568.27 712.02 4.54 14.99 16
2.235 3.249 4.071 0.00018 0.0
638.84 800.38 5.61 17.78 1
2.512 3.653 4.5[76 0.00022 0.0
673.59 843.65 6.60 18.03 1
2.652 3.851 4.824 0.00026 0.0
707.98 887.25 6.35 17.27 1
2.782 4.048 5.073 0.00025 0.0
767.79 96R.61 6.86 19.30 2
3.013 4.390 5.504 0.00027 0.0
846.11 1061.03 6.86 19.05 2
3.317 4.838 6.067 0.00027 0.0
910.14 1141.66 7.37 20.57 z
3.565 5.204 6.528 0.00029 0.0
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

3MMV9100HX (HX7000E-...-P4S)
DUPLEX PERFORMANCE DATA

‘ Preload Axial Stiffness Radial Stiffnedd) Spacer Offsetd)
Bearing
Number DUX | DUL | DUM | DUH . . . . X-light to Light to| Med. to
X-light| Light | Med. | Heavy X-light| Light| Med.| Heavy X-light Light Med. Heav{ight Med. | Heavy
‘ N N N N Npm | Njpm | Njum | Npm | Num | Npm | Npm | Num | pm pm pm
Ibs. Ibs. Ibs. Ibs. |1C Ibs./in,1® Ibs./in,1® Ibs./inl1® Ibs./inj1® Ibs./in1® Ibs./in1® Ibs./in|1® Ibs./in in. in. in.
3MMV9100HXCF 20 45 135 265 28.53 36.54 55.09 72.65 60.85 76.89 110.08  137/02 254 7.62 8.1
HX7000E—T—P4$ 5 10 30 60 0.163 0.209 0.315 0.415 0.348 0.440 0.629 0.783 0.00010 0.00
3MMV9101HXCF 20 45 135 265 29.84 38.09 56.98 74.58 64.50 82.01 117.87 147,20 254 7.62 8.1
HX7001E-T-P4$ 5 10 30 60 0.171 0.218 0.326 0.426 0.369 0.469 0.674 0.842 0.00010 0.00
3M MVQlOZHXCF 20 45 135 265 33.62 42.87 63.87 83.30 72.48 92.56 133.40 16680 2|54 6.60 7.1
HX7002E—T—P4$ 5 10 30 60 0.192 0.245 0.365 0.476 0.414 0.529 0.763 0.954 0.00010 0.00
3MMV9103HXCF 20 45 135 265 35.01 44.56 66.06 85.70 75.19 97.38 141.07 176,82 2|03 6.60 7.1
HX7003E-T-P4$ 5 10 30 60 0.200 0.255 0.378 0.490 0.430 0.557 0.807| 1.011 0.00008 0.00
3M MV9104HXCF{ 45 90 265 535 46.14 58.91 88.06 115.19 | 101.49 | 129.20 185.92  232.09 3.56 9.65 10.
HX7004E—T—P4$ 10 20 60 120 0.264 0.337 0.504 0.659 0.580 0.739 1.063 1.327 0.00014  0.0f
3M MV9105HXCF 45 90 265 535 49.51 63.14 94.13 122.81 | 105.90 | 135.11 194.66  243.29 3.05 9.14 9.¢
HX7005E-T-P4$ 10 20 60 120 0.283 0.361 0.538 0.702 0.606 0.773 1.1138 1.391 0.00012  0.0f

3M MV9106HXCF{ 65 135 400 800 60.88 76.97 114.73  |149.66 | 131.07| 167.38 241,19 301.70 4.06 11.18 1-
HX7006E—T—P4$ 15 30 90 180 0.345 0.440 0.656 0.856 0.749 0.957 1.379 1.725 0.00016 0.0
3M MV9107HXCF 65 135 400 80 66.30 84.46 12556 |163.34 | 143.33| 183.99 265,67 332.66 8.56 10.16 1]
HX7007E-T-P4$ 15 30 90 180 0.379 0.483 0.718 0.934 0.820 1.052 1.519 1.902 0.00014 0.0
3M MV9108HXCF{ 65 135 400 800 69.19 88.08 180.79  |169.95 | 149.12| 191.8F7 277,57  34/7.53 8.56 9.65 10
HX7008E—T—P4$ 15 30 90 180 0.396 0.504 0.748 0.972 0.853 1.097 1.587 1.987 0.00014 0.0
3MMV9109HXCF 90 175 535 1065 76.94 97.94 14546  189.07 167.50 215.65 | 312.02| 390.78 4.06 11.68 12.7C
HX7009E-T-P4$ 20 40 120 240 0.440 0.560 0.832 1.081 0.958 1.233 1.784 2.234 0.00016 0.0
3MMV9110HXCF 90 175 535 1065 80.28 102.16  151.53 |196.76 | 174.06 225.10 325.84 408.22 4.06 11.18 1
HX7010E—T—P4$ 20 40 120 240 0.459 0.584 0.866 1.125 0.995 1.287 1.863 2.334 0.00016 0.0
3MMV9111HXC'—"\> 110 225 665 1335 107.69 137.19 204.11 | 265.67| 233.14 2983 431.13 5B9.57 3.56 10.16 1
HX7011E-T-P4$ 25 50 150 300 0.616 0.784 1.167 1.519 1.333 1.708 2.465 3.085 0.00014 0.0

(UFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

MOUNTING ARRANGEMENTS

21 ST 7% T

Back-to-Back Tandem Face-to-Face
DB DT
‘ Preload Axial Stiffne$s Radial Stiffnedd) Spacer Offsetd)
Bearing
Number DUX | DUL | DUM | DUH . . . . X-light to Light to| Med. to
) ] X-light| Light Med.| Heavy X-light Light Med. Heav;t_
X-light| Light | Med. | Heavy ight | Med. | Heavy
N N N N N/um N/pum N/pum N/pum N/pum N/um N/um N/um pm pum um
Ibs. Ibs. Ibs. Ibs. [1C Ibs./inl1C Ibs./in,1® Ibs./inl1® Ibs./inl1® Ibs./in,1C Ibs./in|1® Ibs./in|1® Ibs./in in. in. in.

SMMVOL12HXCR 110 | 225| 665 1335 11061 140.88 20036 | 27249 230.09 30677 443.20 55478 356 1016 1
HX7012E-T-P4S 25 |50 | 150 | 300 | 0632 0806 1197 1558 | 1367 | 1754 253 3172 000014 0O
SMMVOLI3HXCR 135 | 265 800 1600 12089 153.06 228.94 | 297.68| 26252 33721 48710 60970 | 406 1118 1
HX7013E-T-P4S 30 |60 | 180 | 360 | 0691 08§0 1300 1702 | 1501 | 1928 2785 3486 000016 0.0
SMMVOL14HXCR 155 | 310| 935 1870 13207 168.17 24976 | 32470 28299 36379 525.75 65832 | 406 1168 1
HX7014E-T-P4S 35 |70 | 210 | 420 | 0755 0962 1428 1857 | 1618 | 2080 3006 3764 000016 0.0
SMMVOLISHXCR 155 | 310 935 1870 13390 170.48 25326 | 320.16 20173 37551 54280 679.84 | 406 1168 1
HX7015E-T-P4S 35 |70 | 210 | 420 | 0766 0975 1448 1882 | 1668 | 2147 3104 3887 000016 0.0
SMMVOLIGHXCR 200 | 400| 1200 2400 150.08 10099 [283.60 | 36834 32301 41749 603.93 75644 | 457 1321

HX7016E-T-P4S 45 |90 | 270 | 540 | 0858 1092 1622 2106 | 1852 | 2387 3458 4325 000018 0.0
SMMVOLITHXCR 225 | 445| 1335 2670 15070 20341 (30223 | 30318 34578 44425 64188 80349 | 508 1372

HX7017E-T-P4S 50 100 | 300 | 600 | 0913 1163 1728 2248 | 1977 | 2540 3670 4594 000020 0.
SMMVOL18HXCR 225 | 445 1335 2670 167.66 21338 31674 | 41136 36169 46628 67476 84512 | 457 1321

HX7018E-T-P4S 50 100 | 300 | 600 | 0959 1220 1811 2352 | 2068 | 2666 3858 4832 000018 O
SMMVOI20HXCR 265 | 535 1600 3200 18242 28200 (34403 | 44634 390.08 50441 73056 91543 | 508 1473

HX7020E-T-P4S 60 |120 | 360 | 720 | 1043 1327 1967 2552 | 2230 | 2884 4177 5234 000020 O
SMMVO12IHXCR 200 | 575 1735 3470 200.96 25553 378.83 | 49120 428.85 55548 80506 1008.00 | 5.08  14.22

HX7022E-T-P4S 65 130 | 300 | 780 | 1149 1461 2166 2809 | 2452 | 3176 4603 5769 000020 0.
SMMVO124HXCR 355 | 710| 2135 4270217.93 277.22 411/02 53310 46856 (60690 | 879.22 110L70 559 1626  17.7
HX7024ET-P4S 80 | 160 | 480 | 960 | 1246 1585 2350  B.048 | 2679 | 3470 5027 6299 000022 0.

N
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

2MMV9100HX (HX7000C-...-P4S)
SPEED CAPABILITY DATA

Grease Capacify Operating Speeé8 (DB Mounting))
. n Timken
Famn?f;"”g ISNOuEwe:aerli'ng Low Speet) High Spee®) Grease ‘ oil
25% 40% 10% 15% DUL DUM DU)\-( DqL Dq}M DUH
grams grams grams grams RPM RPM RPM ‘ RPM ‘ RPM ‘ RPM

2MMV9100HXCR HX7000C-DRaS 0.40 0.10 0.20 70400 52800 352#0 11#700 $9800 59800
2MMV9101HXCR HX7001C-OR8S 0.50 0.10 0.2 63100 47300 31640 10#300 %0400 53700
2MMV9102HXCR HX7002C-DR8S 0.70 0.15 0.3 51400 38600 25740 87*100 45600 43700
2MMV9103HXCR HX7003C-OB8S 0.90 0.20 0.3 47100 35300 23640 80#00 40000 40100
2MMV9104HXCR HX7004C-T-RAS 1.60 0.40 0.6 39100 29300 19640 66%00 49800 33300
2MMV9105HXCR HX7005C-TER8S 1.90 0.45 0.7 33400 25100 16740 56%00 42700 28400
2MMV9106HXCR HX7006C-TEH8S 2.70 0.65 1.0 27900 20900 14040 47*100 #5500 23800
2MMV9107HXCR HX7007C-2R8S 3.40 0.85 1.3 23800 17900 11940 40%00 #0400 20200
2MMV9108HXCR HX7008C-2H8S 4.30 1.05 1.5 21000 15700 10540 35%00 #6700 17900
2MMV9109HXCR HX7009C-BB8S 5.60 1.40 2.1 19100 14300 9604’ 32%00 2%300 16300
2MMV9110HXCR HX7010C-BR8S 6.20 1.55 2.3 17400 13100 8704} 29400 2#300 14800
2MMV9111HXCR HX7011C-BBaS 7.30 1.65 2.5 15000 11200 7504) 255*00 lFOOO 12800
2MMV9112HXCR HX7012C-BARaS 7.90 1.80 2.7 13900 10400 7004) 23400 lk700 11900
2MMV9113HXCR HX7013C-BPB8S 8.80 2.05 3.1 13100 9800 6604 223b0 1%#700 11200
2MMV9114HXCR HX7014C-T-Ba8S 11.70 2.70 4.10 12000 9000 600(# 204@0 1#300 10200
2MMV9115HXCR HX7015C-TrHaS 12.40 2.85 430 11400 8500 5704 19#)0 1%1500 9700
2MMV9116HXCR HX7016C-TR3% 16.50 3.85 5.80 10600 7900 5304 180%)0 1#400 9000
2MMV9117HXCR HX7017C-1P8& 17.30 4.05 6.10 10100 7600 5004 172%)0 1#900 8500
2MMV9118HXCR HX7018C-132% 21.00 4.85 7.20 9400 7000 4700‘ 160#30 1#900 8000
2MMV9120HXCR HX7020C-T1522% 24.40 5.75 8.60 8600 6500 4300‘ 146#30 1#100 7300
2MMV9122HXCR HX7022C-29H3% 34.30 7.85 11.80 7600 5700 3800‘ 129#30 9%00 6500
2MMV9124HXCR HX7024C-2484% 39.10 9.15 13.70 7100 5300 3600‘ 121¢)O 9¢OO 6100

()il weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(SFor other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * EXTRA-LIGHT ISO 10 SERIES

EXTRA-LIGHT ISO 10 SERIES

MMV9100HX (HX7000E-...-P4S)
SPEED CAPABILITY DATA

Grease Capacify Operating Speeés (DB Mounting))
. . Timken
Faf,{}ﬂn?fg””g 'Sl\loul?n‘fale":”g Low Speetd High Spee@ Grease oil
25% 40% 10% 15% DUL DUM DUH DqL Dq}M DUH
grams grams grams grams RPM RPM RPM RPM ‘ RPM ‘ RPM

3MMV9100HXCR HX7000E-TOROS 0.40 0.10 0.2 61760 46320 30880 104220 $1060 53850
3MMV9101HXCR HX7001E-TORBOS 0.50 0.10 0.2 56800 42600 28400 95#50 #4550 49525
3MMV9102HXCR HX7002E-TOROS 0.70 0.15 O.3(P 46320 34740 23160 78#65 40795 40385
3MMV9103HXCR HX7003E-TOBOS 0.90 0.20 0.36 42400 31800 21200 71#50 45650 36970
3MMV9104HXCR HX7004E-T:ROS 1.60 0.40 0.6 35200 26400 17600 59+100 46200 30690
3MMV9105HXCR HX7005E-T:ROS 1.90 0.45 0.7 29280 21960 14640 49+110 #8430 25530
3MMV9106HXCR HX7006E-TLH4S 2.70 0.65 1.00 24160 18120 12080 40#70 #1710 21065
3MMV9107HXCR HX7007E-T2R4S 3.40 0.85 1.3 21440 16080 10720 36#80 2*8140 18690
3MMV9108HXCR HX7008E-T2H4S 4.30 1.05 1.5 18880 14160 944 31#60 ZP7BO 16460
3MMV9109HXCR HX7009E-T3BS 5.60 1.40 2.1 17200 12900 860 29#25 2#575 15000
3MMV9110HXCR HX7010E-T3ROS 6.20 1.55 2.3 15680 11760 784 26460 2b580 13675
3MMV9111HXCR HX7011E-HB0S 7.30 1.65 250 13520 10140 676 22#15 1#745 11788
3MMV9112HXCR HX7012E-HR0S 7.90 1.80 2.7 12560 9420 6280 211‘95 145485 10950
3MMV9113HXCR HX7013E-T5B0S 8.80 2.05 3.1 11840 8880 5920 19480 l$540 10325
3MMV9114HXCR HX7014E-TZRB6S | 11.70 2.70 410 10800 8100 5400 18425 1%1175 9415
3MMV9115HXCR HX7015E-TZH4S | 12.40 2.85 430 10160 7620 5080 171‘45 1#335 8860
3MMV9116HXCR HX7016E-TMP3% 16.50 3.85 580 9520 7140 4760 160#5 1#495 8300
3MMV9117HXCR HX7017E-14°8G 17.30 4.05 6.10 9040 6780 4520 152*55 1#865 7880
3MMV9118HXCR HX7018E-13226 21.00 4.85 7.20 8400 6300 4200 141175 1ﬂ025 7325
3MMV9120HXCR HX7020E-T526 24.40 5.75 8.60 7760 5820 3880 l30#5 14185 6770
3MMV9122HXCR HX7022E-PP38% 34.30 7.85 11.80 6850 5135 3425 115#0 8#90 5970
3MMV9124HXCR HX7024E-2448 39.10 9.15 13.70 6425 4820 3210 108%10 8‘*130 5600

@Fill weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

GFor other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 10 SERIES

ULTRA-LIGHT ISO 10 SERIES
MM9100K (6000-...-P4S)

SUPER PRECISION MMV DEEP-GROOVE (CONRAD) CONSTRUCTION
Running accuracy and performance meet ABEC 9 (ISO P2) levelsincorporates high shoulder on both inner and outer rings.
Other features conform to ABEC 7 (ISO P4) requirements. Balls separated by two-piece and piloted cage.

‘ Load Ratings
Bearing ‘ Steel Ball Ceramic Ball r
Number d D C Ball ‘ Bearing (03 Ce Speed (03} Ce Speed RELS
Bore O.D. | Width®| Qty. x Dia} Wi. Static Dynamic | RatingN9) | Static Dynamic | RatingN9)
A A
MM9101K 12 28 8 8 x 4.7¢ 0.020 2400 5670 52800 2130 5670 63400 0.3
6001 0.4724 1.1024 0.3150 b X 0.04 540 1280 52800 480 1280 63400 (
MM9103K 17 35 10 10 x 4.?6 0.038 3300 6660 39600 2890 6660 47500 0.3
6003 0.6693 1.3780 0.3937 iO X 0.08 735 1500 39600 650 1500 47500
MM9104K 20 42 12 8 x 6.3$ 0.064 4400 9620 34000 3980 9620 40800 0.6
6004 0.7874 1.6535 0.4724 ‘8 X Ya 0.14 1000 2160 34000 890 2160 40800
MM9105K 25 47 12 10 x 6.35 0.074 5900 11200 28300 5210 11200 34000 0.6
6005 0.9843 1.8504 0.4724 le X Ya 0.16 1320 2510 28300 1170 2510 34000
MM9106K 30 55 13 11 x 7.]L4 0.109 8300 14700 23300 7390 14700 28000 1.0
6006 1.1811 2.1654 0.5118 il X 0.24 1860 3300 23300 1660 3300 28000
MM9107K 35 62 14 11 x 7.§4 0.144 10300 17700 20700 9150 17700 24800 1.0
6007 1.3780 2.4409 0.5512 il X 0.32 2320 3980 20700 2060 3980 24800
MM9108K 40 68 15 12 x 7.§4 0.180 11600 18600 18200 10300 18600 21800 1.0
6008 1.5748 2.6772 0.5906 12 X 0.40 2600 4180 18200 2310 4180 21800
MM9109K 45 75 16 13 x 8.?3 0.230 15100 23300 16300 13500 23300 19600 1.0
6009 1.7717 2.9528 0.6299 13 X 0.51 3400 5230 16300 3030 5230 19600
MM9110K 50 80 16 14 x 8.?3 0.248 16700 24200 14900 14700 24200 17900 1.0
6010 1.9685 3.1496 0.6299 14 X 0.55 3750 5440 14900 3310 5440 17900
MM9111K 55 90 18 13 x lO.bZ 0.362 21400 31400 13500 18900 31400 16200 1.0
6011 2.1654 3.5433 0.7087 ]L3 X 0.80 4800 7050 13500 4250 7050 16200
MM9112K 60 95 18 14 x lO.bZ 0.430 23200 32600 12500 20600 32600 15000 1.0
6012 2.3622 3.7402 0.7087 ]L4 X 0.95 5210 7340 12500 4630 7340 15000
MM9113K 65 100 18 15 x 10l32 0.450 25200 33900 11600 22400 33900 13900 1.0
6013 2.5591 3.9870 0.7087 ]LS X 0.99 5650 7610 11600 5030 7610 13900
MM9114K 70 110 20 14 x lllQl 0.620 30900 42200 10700 27500 42200 12800 1.0
6014 2.7559 4.3307 0.7874 ]L4 X 1.37 6940 9490 10700 6180 9490 12800
MM9115K 75 115 20 15 x lllQl 0.606 33400 43800 10100 29800 43800 12100 1.0
6015 2.9528 4.5276 0.7874 ]LS X 1.34 7500 9850 10100 6700 9850 12100
MM9116K 80 125 22 14 x l3l49 0.804 40000 52800 9420 35300 52800 11300 1.0
6016 3.1496 4.9213 0.8661 14 X 1.77 9000 11900 9420 7940 11900 11300
MM9117K 85 130 22 15 x l3l49 0.845 42900 54900 8900 38300 54900 10700 1.0
6017 3.3465 5.1181 0.8661 15 X 1.86 9650 12300 8900 8600 12300 10700
MM9118K 90 140 24 14 x 15l08 1.092 49800 64500 8390 44100 64500 10100 1.5
6018 3.5433 5.5118 0.9449 ]L4 X 241 11200 14500 8390 9920 14500 10100
MM9120K 100 150 24 15 x 15L08 1.208 54300 66700 7630 48200 66700 9160 1.5
6020 3.9370 5.9055 0.9449 ]LS X 2.66 12200 15000 7630 10800 15000 9160
MM9122K 110 170 28 14 x 17L46 1.882 66700 83400 6840 59900 83400 8210 2.0
6022 4.3307 6.6929 11024 14 X 4.15 15000 18700 6840 13500 18700 8210
MM9124K 120 180 28 15 x 17L46 2.019 72500 86300 6320 65000 86300 7580 2.0
6024 4.7244 7.0866 11024 15 X 4.45 16300 19400 6320 14600 19400 7580
MM9126K 130 200 33 14 x 20L64 3.041 94300 112600 5810 83600 112600 6975 2.0
6026 5.1181 7.8740 1,2992 ]L4 X 6.70 21200 25300 5810 18800 25300 6975

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Awidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).
(2ABMA STD 20 (ras max).
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 10 SERIES

Suggested Shoulder Diameters ‘ Fixed Floating
shait Housing | "t DIAMeIer]  MOUMG RIS Housing Bore | yyqning s | HOUSINOBOTE | youning s

Max. Min. Max. ‘ Min. ‘ Max. Min. Loose  Tight Ma* Min. Tight Loose N*ax. Min. Loose Loose
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.

161 | 159 255 253 12000 11995  [0.005 | 0.004 | 28.005 28000 0000 0010 28010 28005  0.015
0.64 0.63 1.01 1.00 047240 (047220 | 0.00020 0.00015 110260 |1.10240| 0.00000 0.00040  1,10280  1.10260
217 215 311 309  17.000 16.995 0005 | 0.004 | 35006 35000 0.000 0012 35010 35005  0.016
0.86 0.85 1.23 122 066930 0.66910  0.00020 0.00015 137830 |1.37800| 0.00000 0.00050  1|37840  1.37820
25.0 24.8 377 375 20000 19.995 0005 | 0005 | 42.006 42000 0000 0012 42010 #2.005  0.016
0.99 0.98 1.49 148 078740 (078720 | 0.00020 0.00020 165380 |1.65350| 0.00000 0.00050 165390  1.65370
30.1 299 | 426 423 25000 24995 0.005 | 0.005 | 47.006) 47.000 0000 0012  47.012 47.007  0.018
1.19 118 1.68 167 098430 (0.98410 | 0.00020 0.00020 185070 |1.85040| 0.00000 0.00050  1,85090  1.85070
36.2 35.9 507 504  30.000 29.995 0.005 | 0005 | 55008 55000 0.000 0015 55012 55007  0.019
1.43 1.42 2.00 199  1.8110 (118090 | 0.00020 0.00020 216570 |2.16540| 0.00000 0.00060 2,16590  2.16570
412 | 406 566  56.1 35000 34.995 0005 | 0006 | 62.008 62000 0000 0015 62012 62.007  0.019
1.62 1.60 2.23 221 137800 |1.37780 | 0.00020  0.00025 2/44120 |2.44090 0.00000  0.00060 244140  2.44120
462 | 457 622 617 40000 39.995 0005 | 0006 | 68.008) 68.000  0.000 0015 68012 68007  0.019
1.82 1.80 2.45 243 157480 |157460 | 0.00020 0.00025 2/67750 |2.67720 0.00000  0.00060  2,67770  2.67750
51.8 51.3 69.3 688 45000 44.995 0005 | 0006 | 75008 75000 0.000 0015  75.014 75009  0.022
2.04 2.02 273 271 177170 |1.77150 | 0.00020  0.00025 2.95310 |2.95280  0.00000  0.00060 295330  2.95310
56.6 56.1 742 737  50.000 49.995 0005 | 0.006 | 80.008) 80.000  0.000  0.015  80.012  B80.008  0.020
2.23 221 2.92 290  1.96850 [1.96830 | 0.00020  0.00025  3/14990 |3.14960| 0.00000 0.00060  3.15010  3.14990
62.7 62.2 833 828 55000 54.995 0005 |0.007 | 90.008) 90.000  0.000  0.016  90.015  90.007  0.023
2.47 2.45 3.28 326 216540 [2.16520 | 0.00020 0.00030  3/54360 |3.54330| 0.00000 0.00060  3.54390  3.54360
67.8 67.3 881 876  60.000 59.995 0.005 | 0.007 | 95008 95000  0.000 0016  95.016 95009  0.024
2.67 2.65 3.47 345  2.36220 [2.36200 | 0.00020  0.00030  3/74050 |3.74020| 0.00000 0.00060  3.74080  3.74050
726 72.1 932 927 65000 64.995 0005 |0.007 | 100008 100000 0.000 0016  100.018 [100.010  0.025
2.86 2.84 3.67 365 255910 [2.55890 | 0.00020  0.00030  3/93730 |3.93700| 0.00000 0.00060  3.93770  3.93740
78.2 777 1024 1019  70/000  69.995 |0.005 | 0.007 | 110.008 110.000 0.000 0,016  110.018 |110.010  0.025
3.08 3.06 4.03 401 275590 [2.75570 | 0.00020  0.00030  4.33100 |4.33070 0.00000  0.00060 433140  4.33110
83.4 827| 1073 1066  75/005 74.995 |0.005 | 0.012 | 115008 115000 0.00 0016 115.019 |115.011  0.026
3.29 3.26 4.23 420  2.95300 [2.95260 | 0.00020 0.00050  4/52790 |4.52760| 0.00000 0.00060 452830  4.52800
89.3 885 1165 1157 80005 79.995 |0.005 | 0.012 | 125008 125000 0.000 0,017 125021 |125.011  0.030
352 3.49 4.59 456  3.14980 [3.14940 | 0.00020  0.00050  4.92160 |4.92130 0.00000  0.00070 492210  4.92170
94.9 941 1221 12113 85005 84.995 |0.005 | 0.012 | 130.009 130.000 0.00 0,018  130.020 |130.010  0.029
3.74 371 4.81 478  3.34670 [3.34630 | 0.00020  0.00050 5/11850 |5.11810 0.00000  0.00070 511890  5.11850
1005 | 99.7| 1309 1302 90005 89.995 |0.005 | 0.013 | 140.009 140.000 0.000 0018  140.020 |140.010  0.029
3.96 3.93 5.16 513 354350 (354310 | 0.00020 0.00050 551220 |5.51180 0.00000  0.00070 551260 551220
1106 | 1099 1408 1401  100.005 99.995 | 0.005 | 0.013 | 150.009 150.000 0000  0.018  150.023 | 150.012  0.032
4.36 4.33 5.55 552  3.93720 [3.93680 | 0.00020  0.00050 590590 |5.90550 | 0.00000  0.00070 590640  5.90600
1231 | 1223 1584  157.6  110.005 109.995 | 0.005 | 0.013| 170010 170000 0,000  0.020  [170.022 | 170.012  0.032
4.85 4.82 6.24 621  4.33090 |4.33050 | 0.00020 0.00050  6.69330 |6.69290 | 0.00000 0.00080 669380  6.69340
1332 | 1325 1683 1675 120.005 119.995 | 0.005 | 0.013| 180.010 180,000 0/000  0.020 [180.022 | 180.012  0.032
5.25 5.22 6.63 6.60 472460 |4.72420 | 0.00020  0.00050  7.08700 |7.08660 0.00000  0.00080  7,08750  7.08710
1449 | 1442 1866 1858  130.005 129.995 | 0.005 | 0.015| 200.011 200000 0,000  0.022  [200.025 | 200.015  0.036
5.71 5.68 7.35 782 511830 |5.11790 | 0.00020 0.00060 7.87450 |7.87400| 0.00000 0.00090  7/87500  7.87460
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS » LIGHT ISO 02 SERIES

LIGHT ISO 02 SERIES

2(3)MV/MM200WI (7200C(E)-...-P4/P4S) ©ONSTRUCTION
HIGH PRECISION MV

Running accuracy, performance and dimensional controls conform

to ABEC 7 (ISO P4) requirements.

SUPER PRECISION MM

Running accuracy and performance meet ABEC 9 (ISO P2) levels.
Other features conform to ABEC 7 (ISO P4) requirements.

Bearing
Number
15 C/®

or
25 E/®

200w
7200
201w
7201
202wI
7202
203w
7203
204w
7204
205w
7205
206WI
7206
207w
7207
208WI
7208
209w
7209
210wWI
7210
211w
7211
212w
7212
213w
7213

Bore

mm
in.
10

0.395

12

0.472

15
0.59
17

4

0.6693

20

0.7874

25

0.9843

30

1.1811

35
1.378
40

1.5748

45

1.7717

50

1.9685

55
2.16%
60

2.362

65
2.55¢

)1

O.D.
mm
in.
30
1.1
32
1.2
35
1.3
40
15
47
1.8
52
2.0
62
2.4
72
2.8
80
3.1
85
3.3
90
3.5
100
3.9
110
4.3
120
4.7

in.

811

10
598

11
780

12
748

14
504

15
472

16
409

17
346

18
496

19
465

20
433

21
370

22
307

23
244

Width®)

o

o

o

o

o

o

o

o

o

o

[0

[0

[0

[0

Incorporates low shoulder on non-thrust side of outer rings.

Balls separated by one-piece cage piloted against a ground
thrust shoulder land of the outer ring.

Optional one-piece cage piloted on the ball available with MV

(P4) product.

15 (C/2) Load Ratings 25 (E/3) Load Ratings
Steel Ball Ceramic Ball Steel Ball Ceramic Ball
QBSI.IX Bearing Co | C | Speed| G G | Speed| G G | Speed | G G | Speed
Dia. Wit. Static | DynamicRatingN9) Static | DynamicRatingN9) Static Dynaml#RatmgNg Static | DynamicRatingN9)
r::]m Ilt()gs! Ikl)\ls. ‘ Ikl)\ls. RPM Ikl)\ls. Ikl)\ls. RPM Ikl)\ls. Ikl)\ls. ‘ RPM Ikl)\ls. Ikl)\ls. RPM
8x556 0030 2800 7100 (62800 | 2610| 7100 75400 2800 6900 56500 | 2540
3543 | 8x 007 66 1600 62800 | 590 | 1600 | 75400 640 1550 56500
9x595 0036 3800 8760 56700 | 3410 8760 68000 3700  §500 51000 | 3320
3937 | 9x 008 80 1970 56700 | 770 | 1970 | 68000 830 1910 51000
10x595 0.044 4500 (9580 |47800 | 4010 9580 57400 4400 9250 43000 | 3880
4331 |10 010 1010 2200 47800 | 900 | 2200| 57400 980 2080 43000
10x6.75 0.064 5900 12000 | 41900 5170 12000 50300 5600 11600 | 37700 | 5000
4724 |10x 014 1320 2750 41900 | 1160 | 2750 50300 1270 2600 | 37700
10x7.94 0103 8100 16100 | 35700 7160 16100 42800 7700 15500 | 32100 | 6900
5512 | 10x 023 1810 3620 35700 | 1610 | 3620 42800 1730  B490 | 32100
12x7.94 0127 10200 (18400 | 29800 9110 18400 35800 9800 17600 | 26800 | 8690
5906 | 12 028 2320 4130 29800 | 2050 | 4130 35800 2200  BOSO | 26800
12x9.53 0195 14700 25500 | 25100 13100 25500 30100 14000 |24400 | 22600 12500
6299 | 12x 043 3310 5740 25100 | 2040 | 5740 30100 3150 5490 | 22600
12x1111 0282 20000 (33700 | 21600 17800 33700 25000 19100 32200 | 19400 17100
6693 | 12x 062 4490 7580 21600 | 4000 | 7580 25900 4300 7240 | 19400
11x12.70 0352 23800 (40400 | 19300 21100 40400 23100 22700 38700 | 17400 20200
7087 | 11x%| 078 5340 9070 19300 | 4750 | 9070 23200 5100  B6YO | 17400
13x12.70 0408 28800 (45200 | 17500 25600 45200 21000 27600 43100 | 15800 24500
7480 | 13x%| 080 6470 10200 17500 | 5760 10200 21000 6200 |9700 | 15800
14x12.70 0457 31700 (47400 | 16000 28200 47400 19200 30200 45200 | 14400 26900
7874 | 14x% 101 7130 10700 16000 | 6340 10700 19200 6800 (10200 | 14400
14x1429 0608 40000 (58700 | 14500 35500 58700 17400 38500 | 55000 | 13100 34000
8268 | 14x 134 9000 13200 14500 | 7980 | 13200 17400 650 12600 | 13100
14x1588 0787 48900 |71000 | 13200 43600 71000 15800 47100 | 67700 | 11900 41800
8661 | 14x 174 11000 16000 (13200 | 9810 | 16000 15800 10600 | 15200 | 11900
14x1667 0998 54700 |77400 | 12100 48700 77400 14300 52500 | 73700 | 10900 46500
9055 | 14x 220 12300 17400 12100 | 11000 17400 14500 11800 | 16600 10900

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).
(2Fill weights based upon speci ¢ gravity of 0,99.
(3 is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.
(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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6900
570
8500
750
9250
870
11600
1120
15500
1550
17600
1950
24400
2810
32200
3820
38700
4550
43100
5500
45200
6050
55900
7640
67700
9400
73700
10400

¢

(



SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

-— Cﬂ
r
»

ﬂ
\r
Q —p

Suggested Shoulder Diameters Fixed Floating

Shaft Diameter,  Mounting Fits Housing Bore

(Stationary)

Housing Bore

r :
Rad(2) Sl 1B (Stationary)

Mounting Fits Mounting Fits

Max. Min. Max. Min. Max. Min.| Loose Tight Makx. Min. Ti#ht Loose V\+ax. Min.  Loose Loose
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.

0.6 15.1 14.9 26.0 258 10.000 9.995 0.005 0.004 30.00% 30.0b0 0.000 0‘.010 80.010 | 30.005 0.015
0.024 0.60 0.59 103 1.02 0.39370 | 0.39350 0.00020 0.00015 1.18130‘ 1.18110 0.0bOOO 0.00040 | 1.18150 1.18130
0.6 16.6 16.4 28.1 27,8 12,000  11.995 0.005 0.004 32.005 32.400 0.000 d.Oll 32.010 | 32.005 0.016
0.024 0.66 0.65 111 1.10 0.47240 | 0.47220 0.00020 0.00015 1.26000‘ 1.25980 0.0bOOO 0.00045 | 1.26020 1.26000
0.6 19.2 18.9 31.1 30,9 15000 14.995 | 0.005 0.004 | 35.006 35.400 0.000 d.012 85.010 | 35.005 0.016
0.024 0.76 0.75 1}23 1.22 0.59060 | 0.59040 0.00020 0.00015 1.37830‘ 1.37800 0.0bOOO 0.00050 | 1.37840 1.37820
0.6 21.7 215 35.7 354 17,000  16.995 0.005 0.004 40.006 40.400 0.000 4.012 40.010 | 40.005 0.016
0.024 0.86 0.85 1/41 1.40 0.66930 | 0.66910 0.00020 0.00015 1.57510‘ 1.57480 0.0bOOO 0.00050 | 1.57520 1.57500
1.0 26.0 25.8 415 4113 20.000 19.995 | 0.005 0.005 | 47.006 47.400 0.000 d.012 47.012 | 47.007  0.018
0.039 1.03 1.02 1/64 1.63 0.78740 | 0.78720 0.00020 0.00020 1.85070‘ 1.85040 0.0bOOO 0.00050 | 1.85090 1.85070
1.0 311 30.9 47.1 46.9 25,000 24.995 0.005 0.005 52.006 52.400 0.000 4.013 52.012 | 52.007 0.019
0.039 1.23 1.22 1/86 1.85 0.98430 | 0.98410 0.00020 0.00020 2.04750‘ 2.04720 0.0bOOO 0.00055 | 2.04770 2.04750
1.0 36.7 36.5 56.0 55,8 30,000 29.995 | 0.005 0.005 | 62.008 62.400 0.000 d.015 62.012 | 62.007 0.019
0.039 1.45 1.44 2121 2.20 1.18110 | 1.18090 0.00020 0.00020 2.44120‘ 2.44000 0.0bOOO 0.00060 | 2.44140 2.44120
1.0 42.7 42.2 65.3 64.8 35,000 34.995 0.005 0.006 72.008 72.400 0.000 4.015 72.011 | 72.007 0.019
0.039 1.68 1.66 2|57 2.55 1.37800 | 1.37780 0.00020 0.00025 2.83490‘ 2.83460 0.0bOOO 0.00060 | 2.83510 2.83490
1.0 47.8 47.2 73.2 72,6 40.000 39.995 | 0.005 0.006 | 80.008 80.400 0.000 d.015 80.012 | 80.008  0.020
0.039 1.88 1.86 2,88 2.86 1.57480 | 1.57460 0.00020 0.00025 3.14990‘ 3.14960 0.0bOOO 0.00060 | 3.15010 3.14990
1.0 52.8 52.3 78.2 7.7 45.000 44.995 0.005 0.006 85.008 85.400 0.000 4.016 85.016 | 85.009 0.024
0.039 2.08 2.06 3,08 3.06 1.77170 | 1.77150 0.00020 0.00025 3.34680‘ 3.34650 0.0bOOO 0.00060 | 3.34710 3.34680
1.0 57.9 57.4 83.3 82,8 50.000 49.995 | 0.005 0.006 | 90.008 90.400 0.000 d.016 00.015 | 90.007  0.023
0.039 2.28 2.26 3128 3.26 1.96850 | 1.96830 0.00020 0.00025 3.54360‘ 3.54330 0.0bOOO 0.00060 | 3.54390 3.54360
1.5 63.8 63.3 92.2 917 55[000 54.995 0.005 0.007 | 100.008 lOO.bOO 0/000 b.016 100.018 | 100.010 0.025
0.059 2.51 2.49 3163 3.61 2.16540 | 2.16520 0.00020 0.00030 3.93730‘ 3.93700 0.0bOOO 0.00060 | 3.93770 3.93740
15 69.9 69.3 101/4 100.8  60.000 59.995 | 0.005 0.007| 110.008 110‘.000 0.000 ‘0.016 110.018| 110.010 0.025
0.059 2.75 2.73 3199 8.97 2.36220 | 2.36200 0.00020 0.00030 4.33100‘ 4.330770 0.0bOOO 0.00060 | 4.33140 4.33110
1.5 76.2 75.7 1097 109.2 65.000 64.995 0.005 0.007| 120.008 120‘.000 0.000 ‘0.016 120.018| 120.010 0.025
0.059 3.00 2.98 4/32 4.30 2.55910 | 2.55890 0.00020 0.00030 4.72470‘ 4.72440 0.0bOOO 0.00060 | 4.72510 4.72480

Continued on next page.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

LIGHT I1SO 02 SER¥&Sntinued
2(3)MV/MM200W! (7200C(E)-...-P4/P4

HIGH PRECISION MV , . .
) ) ) Balls separated by one-piece cage piloted against a ground
Running accuracy, performance and dimensional controls conform nyyst shoulder land of the outer ring.

to ABEC 7 (ISO P4) requirements.

| CONSTRUCTION

Incorporates low shoulder on non-thrust side of outer rings.

Optional one-piece cage piloted on the ball available with MV
SUPER PRECISION MM (P4) product.

Running accuracy and performance meet ABEC 9 (ISO P2) levels.
Other features conform to ABEC 7 (ISO P4) requirements.

Bearing 15 (C/2) Load Ratings 25 (E/3) Load Ratings
Number . .
15 C/® Steel Ball Ceramic Ball Steel Ball Ceramic Ball
25 Oé/(gl) d D C gtallx Bearing G | (03 Speed| G Ce Speed| G | Ce | Speed| G C Speed
Bore | O.D. |Width?) Di); Wi. Static | DynamicRatingN9) Static | DynamicRatingN9) Static Dynami%RatingNg Static | DynamicRatingN9)
mm mm mm mm kg N N N N N N N N
in. | in. | in. | in. | Ibs. | Ibs. ‘ bs. | RPM 1 ps | b, | RPM | g ‘ Ibs. ‘ RPM | s, | s | RPM
214WI 70 125 24 | 14x17.46 1,074 ¢0000 84200 | 11400 53600 84200 1#700 *57400 80200 | 10300 51100 80200
7214 2.7559 49213 0.9449 |14x 2.3j 13400 18900 11400 12100 189¢)0 li?OO 12900 18000 10300 11500
215WI| 75 130 25| 15x17.46 1/174 ¢4900 87900 | 10800 58200 87900 l#OOO &52300 83700 9700 55600 83700
7215 29528 51181 0.9843 |15x 2.5# 14600 19800 10800 13100 1984)0 1#000 14000 18800 9700 12500

216WI| 80 140 26| 15x19.05 1.448 '477000 102900| 10100 69000 102900 1‘2100 ‘73800 98000 9100 65800 98000
7216 3.1496 5.5118 1.0236 | 15x ¥ 3.19{ 17300 23100 10100 15500 231¢0 14100 16600 22000 9100 14800
217wi| 85 150 28 | 15x20.64 1,817 §O7OO 118900| 9400/ 80700 118900 lhBOO PSBOO 113300 8500 76800 113300

7217 3.3465 5.9055 1.1024 | 15X 4.01\ 20400 26700 9400 18200 26740 11#00 19300 25500 8500 17300
218wWiI| 90 160 30| 14x22.23 2196 5#7900 129900| 8900, 87100 129900 1b700 PZSOO 123700 8000 82900 123700
7218 3.5433 6.2992 1.1811 | 14x 4.84 22000 29200 8900 19600 292#0 lOJVOO 20800 27800 8000 18600
219w1I| 95 170 32| 14x23.81 2669 1‘11200 147100, 8400 99600 147100 lblOO hOGBOO 140100 760 94900  14010(
7219 3.7402 6.6929 1.2598 | 14X 5.84 25000 33100 8400 22400 331q0 thOO 24000 | 31500 7600 21300

220wl1| 100 180 34| 14x25.40 3/209 ]LZGSOO 165200, 8000 112900 165200 PGOO ‘120100 15500 720 107800 15750
7220 3.9370 7.0866 1.3386 | 14x1 7.0% 28500 37100 8000 25400 37140 9400 2[7000 |35400 7200 24200
222w1| 110 200 38| 14x28.58 4486 ]L60100 194900 7200 142000 194900 FGOO ‘153500 185800 6500 135900 18580
7222 43307 7.8740 1.4961 |14x1 9.8# 36000 43800 7200 31900 438#10 8!#00 34500 | 41800 6500 30600
224wW1| 120 215 40| 14x30.16 5,358 ]LSOlOO 210100f 6700 159600 210100 FOOO ‘173500 200500 6000 152400 20050
7224 47244 8.4646 15748 |14x1 11.&#1 40500 47200 6700 3590 472‘00 SbOO 39000 | 45100 6000 34300
226WI1| 130 230 40| 17x30.16 6468 é22400 238200/ 6100 197400 238200 ‘7300 ‘211300 226800 5500 188800 22680
7226 5.1181 9.0551 15748 |17x1 14#6 50000 53500 6100 4440 535‘00 7?00 47500 51000 5500 42500
230wl1| 150 270 45| 15x38.10 9,980 #02500 3052000 5300 272100 305200 k}400 ‘291300 290900 4800 259900 29090
7230 5.90%5 10.6299 1.7717 | 15x1% 22.#)0 68000 68600 5300 61200 68#&00 4400 65500 65400 4800 58400

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Wwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

@Fill weights based upon speci ¢ gravity of 0,99.

(3 is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

3
54 275500 | 275570 0.00020 0/00030 |4.92160 4.92130 0.00000 0.00070 | 482210 4.92170
15 | 860| 852 1208 1200 75.005 74995 | 0.005 | 0.012| 130009 130/000 0.000 0.018 |130.020 130.010 0.029
00s9| 339 336 476 473 295300 2.95260 000020 0,00050 511850 5.1810 0.00000 0.00070 | 511890 511850
20 | 913 906 1299 1202 80.005 79.995 | 0.005 | 0012 140009 140,000 0.000 0.018 |140.020 140.010 0.029
0079| 360 357 512 509 514980 | 314940 000020 000050 551220 551180 0.00000 0.00070 | 5.51260 551220
20 | o974 97 1388 1381 85005 84995 | 0.005 0012 150009 150,000 0.000 (0.018 |150.023 150.012  0.032
0079| 384 381 547 544 334670 3.34630 000020 0,00050 590590 5.90550 0.00000 0.00070 | 5.90640 590600
20 | 1035 1027 1480 1472 90.005 [89.995  0.005 | 0013 160009 160000 0.000 |0.022 | 160.022 160012 0.033
0079| 408 405 583 580 354350 3.54310 000020 0/00050 6.29960 6.29920 0.00000 0.00080 | 6.30010  6.29970
21 | 1004/ 1086 1571 1533 95005 (94995  0.005| 0013 170010 170000 0.000 (0020 | 170.022 170012 0.032
0079| 431 428 610 616 374040 3.74000 000020 0/00050 6.69330 6.69290 0.00000 0.00080 | 6.69380 6.69340
21 | 1152 1144 1660 1652 100.005 |99.995 0005 0013 180.010 180.000 D000 |0.020 | 180.022 180.012 0032
0079| 454 451 654 b5 393720 3.93680 000020 0/00050 |7.08700 7.08660 0.00000 0.00080 | 7.08750  7.08710
21 | 1271 1264 1843 1835 110.005 109.995 0005 0013 200011 200.000 (0.000 | 0.022 | 200.025 200.015 0.036
0079| 501 498 7126 .23 433000 4.33050 000020 0/00050 |7.87450 7.87400 0.00000 0.00090 | 7.87500  7.87460
21 | 1381 137.3 1085 1977 120005 119.995 0005 0013 215011 215000 (0000 | 0022 | 215025 215015 0.036
0079| 544 541  7l82 .79 472460 472420 000020 0/00050 |8.46510 846460 0.00000 0.00090 | 8.46560 8.46520
25 | 1505 1497 2110 2102 130.005 120.995 0005 0015 230.011 230.000 (0.000 | 0.022 | 230.025 230.015 0.036
0008 593 590 831  B28 511830 511790 000020 0/00060 |9.05560 9.05510 0.00000 0.00090 | 9.05610  9.05570
25 | 1726 17L8 2488 2480 150.005 149.995 0005 0015 270.013 270.000 (0000 | 0.026 | 270.03L 270.018 0.044
0008 680 677 9580 977 590570 | 590530 000020 0/00060 |10.63040 10.62090 0.00000 0.00100| 10.63120 10.6307

Suggested Shoulder Dlameters# Fixed ‘ Floating
Shaft Diameter,  Mounting Fits .
r ‘ Housing Bore ‘ Housing Bore . -
Rad® Shaft Housing | (Stationary) Mounting Fits | (Stationary) Mounting Fits
Max. Min. Max. Min. ‘ Max. ‘ Min., Loose Tight Max. Min. Tight LoFse Max. Min.  Loose Loose
mm mm mm mm m mm mm mm mm mm mm mm mm mm
in. in. in. in. in in. in. in. in. in. in. in. in. in. in.
15 80.8 80.3 115/8 llF 7¢ 000 69.995 0.005 0.007| 125.008 125,000 d.OOO 0.017 |125.021| 125.011 0.030
0.059 3.18 3.y6 4|56 P
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

LIGHT ISO 02 SERIES

2MV/MM200W!I (7200C-...-P4/P4S)
DUPLEX PERFORMANCE DATA

‘ Preload Axial Stiffne€s Radial Stiffned® Spacer Offsetd)
Bearing
Number X[_)"Lgét B;th ,?Agg’_' Xlight | Light | Med. | Heawy Xdight  Light  Med. Heav))(/_IL'%T]tttc Lﬁg;_to "aee‘;v;o
‘ N N N N/um N/um N/pum N/pum N/um N/um N/pum N/pum um um um
Ibs. Ibs. Ibs. | 1®Ibs./in.| 1®Ibs./in.| 1® Ibs./in.| 1® Ibs./in.| 1 Ibs./in.| 1¢ Ibs./in.| 1 Ibs./in.| 1¢ Ibs./in. in. in. in.

2MV/IMM200WICR | 20 | 90 — 1854,  33.0¢ 42.85 -+ 8588  136.07 16213 | — | 1041 711
7200C-T-P4/F4S — 5 20 — 0.106 0.189 0.245 — 0.491‘ 0.778 0.927 — 0.00041
2MV/MM201WI% 20 90 — 19.24 34.11 44.07 —+ 96.02 1#3.56 183.30 — 9.91 6.86
7201C-T-P4/.34S — 5 20 — 0.110 0.195 0.252 — 0.545# 0.878 1.048 — 0.00039
2MV/MM202WICR 20 90 — 20.64 36.2 49.67 — 102.67 1%34.93 205.51 — 9.40 8.38
7202C-T-P4/F4S — 5 20 — 0.118 0.207 0.284 — 0.587‘ 0.943 1.175 — 0.00037 l
ZMV/MMZOBWIW 40 130 — 25.54 41.10 63.84 - 13f7.12 1‘97.46 263.05 — 10.67 15.24
7203C-T—P4/F4S — 10 30 — 0.146 0.235 0.365 — 0.784} 1.129 1.504 — 0.00042
2MV/MM204WI(}R— 70 180 — 30.08 46.17 64.36 -+ 168.43 432.97 289.81 — 11.68 12.95
7204C-T-P4/F4S — 15 40 — 0.172 0.264 0.368 — 0.96(% 1.332 1.657 — 0.00046
2MV/MM205WIC—R— 90 220 — 37.60 56.49 74.86 -+ 209.53 483.16 340.88 — 11.43 10.92
72050-T-P4/F4S — 20 50 — 0.215 0.323 0.428 — 1.194 1.619 1.949 — 0.00045
2MV/MM206WIGR 90 220 — 38.30 56.49 87.10 -+ 222.47 #03.10 405.77 — 11.18 18.54
7206C-T-P4/F4S — 20 50 — 0.219 0.323 0.498 — 1.27# 1.733 2.320 — 0.00044
2MV/MM207WI% 130 400 — 47.22 75.91 104.42 +— 269.35 #88.10 478.70 — 17.27 16.76
7207C-T-P4/F4S — 30 90 — 0.270 0.434 0.597 — 1.54q 2.219 2.737 — 0.00068
2MV/MM208WICR 130 440 — 45.30 75.73 105.46 — 261.65 #92.65 489.20 — 20.57 19.56
7208C-T-P4/F4S — 30 100 — 0.259 0.433 0.603 — l.49¢ 2.245 2.797 — 0.00081
ZMV/MMZOQWIWO 180 560 46.52 56.14 91.82 128.20 271.28 322.87 ‘ 472.58 588.86 5/08 20.32 20.
7209C-T—P4/F4S 2540 125 0.266 0.321 0.525 0.733 1.549 1.846 ‘ 2.702 3.364 0.00020 0.00080
2MV/IM M210WI%O 220 560 51.60 64.19 95.67 189.57 304.91 366.24 ‘ 496.89 637.86 6,35 16.76 22,
7ZlOC-T-P4/F4S 30 50 125 0.295 0.367 0.547 0.798 1.741 é.094 2.841 3.647 0.00025 0.00(
2MV/MM211WI%0 220 780 54.22 63.31 109.49 153.74 335.53 382.86 ‘ 582.42 72461 4.83 25.65 23
7211C-T-P4/F4S 35 50 175 0.310 0.362 0.626 0.879 1.916 é.lSQ 3.330 4.143 0.00019 0.00:
2MV/MM212WI%O 330 890 59.12 77.66 119.11 171.40 361.94 456.31 ‘ 632.26 802.44 9.65 22.61 27
7212C-T-P4/F4S 40 75 200 0.338 0.444 0.681 0.980 2.067 #.609 3.615 4.588 0.00038 0.00(

(LFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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MOUNTING ARRANGEMENTS

v

Back-to-Back
DB

‘ Preload

Bearing

Number DUX

X-light
N
Ibs.
2MV/MM213WICRO
72130-T-P4/F4s
2MVIMM214WICER0
7214C-T-P4IP4S
2MVIMM215WICRO
7215C:FP4JF4S
2MVIMM216WICRO
7216C-T-P4IPAS
2MVIMM217WICH0
7217C:FP4JF4S
2MVIMM218WICRR0
7218C-T-P4IP4S
2MVIMM219WICH0
72190:FP4JF4S
2MVIMM220WICTR0
7220C-T-P4IP4S
2MVIMM222\IGR0
7222C:FP4JF4S
2MVIMM224WIGR0
7224C-T-P4IP4S
2MVIMM226WICHR0
72260:FP4/F4S
2MVIMM230WIQER0
7230C-T-P4/P4S

DUL
Light

N
Ibs.

440
45
440
50
560
55
670
60
890
65
780
75
890
80
1110
85
1330
100
1470
11880
1650
125
1890
155

DUM
Med.

Ibs.
1000

100

100
1220
125
1450
150
2000
175
1780
175
2000
200
2220
250
2670
300
2940
660
3290
370
3780
425

SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

Y ~
N , § , )
Tandem Face-to-Face
DT DF
Axial Stiffne§s Radial Stiffned® Spacer Offsetd)
Xdight | Light = Med. | Heawy Xlight Light  Med. Heaé‘ﬁ%rr‘]tttc e "ﬂg;v;o
N/um N/um N/pum N/pum N/um N/um N/um N/pum um um ‘ um
1¢ Ibs./in.| 1® Ibs./in.| 1® Ibs./in.| 1®Ibs./in.| 1¢ Ibs./in.| 1® Ibs./in.| 1 Ibs./in.| 1 Ibs./in. in. in. in.
62.61 88.832 126.28 181.20 383.60 511.76 668.64 846,52 1?46 20.83 28
225 0.358 0.505 0.722 1.036 2.191 2.926 3.823 484# 0.00053  0.00
67.86 89.72 133.97 186.97 404.25 519.80 703.80 876/25 1#.18 23.88 27
250 0.388 0.513 0.766 1.069 2.308 2.972 4.024 501¢ 0.00044  0.00
72.98 102.49 145.34 203.06 437.79 586.96 760.64 946138 144.48 21.59 2
275 0.417 0.586 0.831 1.161 2.500 3.356 4.349 541# 0.00057  0.00
77.66 113.16 159.16 217.75 458.80 639.96 825.18 1014.59 i7.02 22.86 2,
325 0.444 0.647 0.910 1.245 2.620 3.659 4.718 5801 0.00067  0.00
86.75 12610 179.97 250.98 480.97 693.68 891.34 1109.60 #0.07 28.96 3
375 0.461 0.682 0.957 1.339 2.747 3.961 5.090 633$ 0.00075  0.00
82.55 116.83 168.25 235.07 497.82 678.61 891.47 1109.92 18.03 27.94 3
400 0.472 0.668 0.962 1.344 2.843 3.880 5.097 &34$ 0.00071  0.00
86.75 126.10 179.97 250.98 517.46 726.88 932.74 1183.02 #0.07 28.96 3
450 0.496 0.721 1.029 1.435 2.955 1.156 5.333 6764 0.00079  0.00
88.85 137.65 187.14 261.30 531.57 795.80 1000.08 1245.99 ?5.91 27.43 :
500 0.508 0.787 1.070 1.494 3.036 4.550 5.718 1124 0.00102  0.00
98.64 153.91 208.48 289.81 580.64 881.32 1108.17 1381.36 P8.19 29.46 £
600 0.564 0.880 1.192 1.657 3[316 5.039 6.336 189# 0.00111  0.0C
102.84 158.81 215.65 300.13 610.16 926.97 1166.06 1453.59 ‘29.46 31.24 L
0.588 0.908 1/233 1.716 3.484 5.300 6.667 8.311 ¢00116 0.00123
121.21 186.44 252.38 850.32 715.23 1089.45 1372.44 1712.80 ‘27.94 29.97 A
740 0.693 1.066 1.443 2.003 4,084 6.229 7.847 979# 0.00110  0.0C
130.3 192.74 258.85 356.10 758.85 1136.85 1437.33 1797.97 ‘29.46 33.53 .
850 0.745 1.102 1.480 2.036 41333 6.500 8.218 10.240 0.00116  0.0(
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

LIGHT ISO 02 SERIES

3MV/MM200WI (7200E-...-P4/P4S)
DUPLEX PERFORMANCE DATA

Bearing
Number

3MV/MM200
7200E-T-P4/F
3MV/MM201W
7201E-T-P4/F
3MV/MM202W
7202E-T-P4/F
3MV/MM203W
7203E-T-P4/F
3MV/MM204W
7204E-T-P4/F
3MV/MM205W
7205E-T-P4/F
3MV/MM206W
7206E-T-P4/F
3MV/MM207W
7207E-T-P4/R
3MV/MM208W
7208E-T-P4/F
3MV/MM209W
7209E-T-P4/F
3MV/MM210
7210E-T-P4/R
3MV/MM211
7211E-T-P4/R
3MV/MM212W
7212E-T-P4/R

(UFor DB or DF arrangements only.

Preload

DUL
Light

DUM
Med.

N
Ibs.

40

N
Ibs.

130
10
130
10
180
15
330
20
360
30
400
35
560
50

40

70

90

130

160

220

310
30

360
35

440
40

490
45

620
50

760
55

780
70
890
80
111
100
122
1205
156
140
189
170

Axial Stiffness Radial Stiffned® Spacer Offsetd)
HDel;i-/'y Light Med. Heavy Light Med. Heavy X-Il_i%r;]ttto LBZ;FO l\|/|_|2(;.vt;)
N N/pum N/pum N/um N/um N/pm N/pum um um um
lbs. | 1C@lbs./in.| 1C@lbs./in. | 1®Ibs./in.| 1FIbs./in.| 1FIbs./in.| 1¢ Ibs.fin. in. in. in.
270 39.35 59.99 79.75 84.65 121.38 150.94 — 7.11 7.62
30 60 0.225 0.343 0.456 0.484 0.694 0.863 — 0.00028 1
270 44.77 67.51 88.85 94.10 135.90 169.48 —_ 6.35 6.86
30 60 0.256 0.386 0.508 0.538 0.777 0.969 — 0.00025 1
360 55.44 80.45 106.51 115.96 160.21 199.39 — 6.60 6.60
40 80 0.317 0.460 0.609 0.663 0.916 1.140 — 0.00026 <
440 63.84 105.99 119.28 132.92 204.46 223.87 —_ 11.43 4.06
75 100 0.365 0.606 0.682 0.760 1.169 1.280 — 0.00045
560 75.21 109.66 131.35 159.51 220.02 253.26 —_ 9.65 6.60
80 125 0.430 0.627 0.751 0.912 1.258 1.448 — 0.00038
670 89.20 128.20 157.76 189.59 258.50 303.98 — 8.89 7.37
90 150 0.510 0.733 0.902 1.084 1.478 1.738 — 0.00035
890 106.16 150,76 18p.42 227.02 306.77 356.10 — 10.41 7.87
125 200 0.607 0.862 1.043 1.298 1.754 2.036 — 0.00041
1330 126.45 179.62 223.52 267.42 360.99 428.33 6.86 12.19 12.1¢
175 300 0.723 1.027 1.278 1.529 2.064 2.449 0.00027 0.00048
1330 132.57 187.84 220.90 275.64 372.71 423.96 7.11 13.21 8.64
200 300 0.758 1.074 1.263 1.576 2.131 2.424 0.00028 0.00052
1780 159.86 226.85 274.24 332.14 448.44 520.50 7.87 13.72 10.6
250 400 0.914 1.297 1.568 1.899 2.564 2.976 0.00031 0.00054
2000 173.68 246.43 300.65 360.12 486.22 568.25 7.62 13.97 11.4
450 0.993 1.409 1719 2.059 2.780 3.249 0.0003( 0.00055 0.0
2450 193.61 274.94 330.21 407.34 549.71 634.36 9.65 15.75 11.6
350 550 1.107 1.572 1.888 2.329 3.143 3.627 0.00038 0.00062
2890 21373 308.63 360.47 450.02 607.43 695.05 11.18 17.53 11.9
425 650 1.222 1.736 2.061 2.573 3.473 3.974 0.00044 0.00069

For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

MOUNTING ARRANGEMENTS

~ Y
P 1 N P ]| -
Back-to-Back Tandem Face-to-Face
DB DT
Preload Axial Stiffne$8 Radial Stiffnedd) Spacer Offsetd)
Bearing
e | DU QUL DU OUR g weq. | Heaw | lah|  Med,  hean X[ Lo Med o
N N N N N/um N/um N/pm N/pum N/um N/um um um Hm
Ibs. Ibs. Ibs. Ibs. 1CIbs./in. | 1®Ibs./in.| 1®Ibs./in. | 1®Ibs./in.| 1®Ibs./in. | 1® Ibs./in. in. in. in.

3MV/MM213WICR70 850 2110 3340 225.62 320.42 385.65 474.50 640.48 740.18 11.94 18.54 13.7

7213E-T-P4/R4S 60 190 475 750 1.290 1.832 2.205 2.713 3.662 4.232 0.00047 0.00073
3MV/MM214WICE90 890 2220 3560 231.39 328.46 397.37 492.87 665.67 772.53 12.19 19.05 14.7

7214E-T-P4/R4S 65 200 500 800 1.323 1.878 2.272 2.818 3.806 4.417 0.00048 0.00075
3MV/MM215WICB60 980 2450 3780 250.28 355.75 424.13 532.75 719.19 825.53 11.68 19.30 13.7

7215E-T-P4/R4S 80 220 550 850 1.431 2.034 2.425 3.046 4.112 4,720 0.00046 0.00076
3MV/MM216WICER0 1110 2780 4450 269,87 383.03 462.79 570.35 770.61 894.61 12.45 20.32 15.7

7216E-T-P4/R4S 90 250 625 1000 1.543 2.190 2.646 3.261 4.406 5.115 0.00049 0.00080
3MV/MM217WICR40 1200 3000 4890 28036 397.37 483.42 600.43 812.41 949.18 12.45 21.08 17.C

7217E-T-P4/R4S 100 270 675 1100 1.603 2.272 2.764 3.433 4,645 5.427 0.00049 0.00083
3MV/MM218WICE0 1330 3110 5560 286/14 394.75 498.12 608.83 805.06 968.42 13.72 20.83 21.¢

7218E-T-P4/R4S 110 300 700 1250 1.636 2.257 2.848 3.481 4,603 5.537 0.00054 0.00082
3MV/MM219WICB60 1560 3110 62380 310.27 402.97 531.00 655.70 824.65 1029.29 15.24 17.27 26.¢

7219E-T-P4/R4S 125 350 700 1400 1.774 2.304 3.036 3.749 4[715 5.885 0.00060 0.00068
3MV/MM220WICB00 1730 3470 6940 328,29 426.41 561.60 694.18 873.45 1090.50 16.26 18.29 27.¢

7220E-T-P4/R4S 135 390 780 1560 1.877 2.438 3.211 3.969 4,994 6.235 0.00064 0.00072
3MV/MM222WICE90 2050 4082 8180 359/94 466.81 613.90 762.39 960.03 1199.46 17.78 19.81 30.°

7222E-T-P4/R4S 155 460 920 1840 2.058 2.669 3.510 4.359 5.489 6.858 0.00070 0.00078
3MV/MM224WIC820 2250 4480 8980 37778 490.07 643.98 805.76 1014.77 1267.85 17.53 20.57 31.

T224E-T-P4/R4S 185 505 1010 2020 2.160 2.802 3.682 4.607 5.802 7.249 0.00069 0.00081
3MV/MM226WIC880 2560 5120 10230 448.09 580.49 761.86 954.08 1190.72 1503.97 16.51 19.81 30.

7226E-T-P4/R4S 220 S/B0 2300 2.562 3.319 4.356 5.455 6.808 8.599 0.00065 0.00078 0.(
3MV/MM230WICR90 3110 6230 12450 473.63 612.32 801.04 1009.87 1276.25 1598.24 17.53 22.86 35
7230E-T-P4/R4S 290 700 1400 2800 2.708 3.501 4.580 5.774 71297 9.138 0.00069 0.0009
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

LIGHT ISO 02 SERIES

2MV/MM200W!I (7200C-...-P4/P4S)
SPEED CAPABILITY DATA

Grease Capacify ‘ Operating SpeeéB (DB Mounting))
. . Timken
Fafnir Bearing :
ISO Bearing | | ow Speet?) High Spee® Grease oil
Number N T p gh Sp
2506 | 40% | 10% 1504 DUL DUM DUH DU‘L DqM DUH
grams | grams | grams gram% RPM RPM RPM RPM ‘ RPM ‘ RPM
OMV/MM200WICR ~ 7200C-T-PORBES |  0.50 0.14 o.2¢ 50200 37700 25100 85#00 44100 42700
ZMVIMM201WICR ~ 7201C-T-PORES| 060 | 017  0.25 45400 34000 22200 79100 57800 39400
2MVIMM202WICR ~ 7202C-T-POBES| 080 022 032 38200 28700 19100 66300 48800 33200
2MVIMM203WICR ~ 7203C-T-PORGS| 110 030  0.45 33500 25100 16500 58100 42700 29100
ZMVIMM204WICR ~ 7204C-T-PARGS| 170 | 048 072 28600 21400 14300 48600 36400 24300
2MVIMM20SWICR ~ 7205C-T-PAIR6S| 210 | 059  0.88 23800 17900 11900 40500 30400 20200
2MVIMM206WICR  7206C-T-P4RES| 310 | 087 131 20000 15100 10000 34200 25600 17000
2MVIMM207WICR ~ 7207C-T-PAIRGS| 440 | 122 1.82 17300 13000 860 29400 22000 14600
2MVIMM208WICR ~ 7208C-T-PGRES|  6.00 | 166 249 15400 11600 7700 26200 16700 13100
2MVIMM209WICR ~ 7209C-T-PAR6S| 660 | 185 277 14000 10500 7000 22800 17900 11900
2MV/MM2IOWICR  7210C-T-P4@ES|  7.60 | 215 320 12500 9600 6400 21800 16300 10900
2MVIMM2LIWICR  7211C-T-PERES| 970 270 410 11600 8700 5800 19700 14800 9900
2MVIMM212WICR ~ 7212C-T-PAIB6S| 1200 335 500 10600 7920 5300 18000 13500 9000
2MVIMM213WICR  7213C-T-POR6S| 1460 405 610 9700 7260 4800 16500 12300 8200
IMVIMM214WICR ~ 7214C-T-PAP@S | 16.90  4.70 7.00 9100 6840 4600 15500 11600 7800
IMV/IMM21SWICR ~ 7215C-T-Pa/p@s | 1860  5.15 760 8600 6480 4300 14600 11020 7300
IMV/IMM216WICR ~ 7216C-T-PA®28 |  22.00 6.1 9.20 8100 6060 4000 13800 10300 6800
2MVIMM217WICR  7217C-T-PARES| 270  7.55 1130 7500 5640 3800 12800 9590 6500
2MV/MM218WICR  7218C-T-P2P8G | 3440 955 1440 7100 5340 3600 12100 9080 6100
2MVIMM2IOWICR  7219C-T-PafR8S | 4140 1150  17.80 6700 5040 3400 11400 8570 5800
2MVIMM220WICR ~ 7220C-T-P3RAS | 49.10 1365 2050 6400 4800 3200 10900 8160 5400
2MVIMM222WICR  7222C-T-PARAS | 67.60 1880 2820 5800 4320 2900 9900 7340 4900
2MVIMM224WJCR  7224C-T-PBIPAG | 8230 2290 3480 5400 4020 2700 9200 6830 4600
2MVIMM226WICR  7226C-T-PBR8S | 8130 2260 3390 4900 3660 2400 8300 6220 4100
2MVIMM230WICR ~ 7230C-T-P8RAS | 13190  36.70 55000 4200 3180 2160 7100 5410 3600

(Fill weights based on speci c gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(8For other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * LIGHT ISO 02 SERIES

LIGHT ISO 02 SERIES

3MV/MM200WI (7200E-...-P4/P4S)
SPEED CAPABILITY DATA

‘ Grease Capaciy ‘ Operating SpeeéB (DB Mounting))
. . Timken
Famn?f:r”"g ISNOuBmet%:ng Low Speetd High Spee@® ‘ Grease oil
250% | 40% | 10% 150# DUL DUM DUH DL{L Dl*M DUH
‘ grams | grams| grams gram% RPM RPM RPM RPM ‘ RPM ‘ RPM

3MVIMM200WICR ~ 7200E-T-P4®38 | 050 014 020 45180 33930 22500 76770 57690 38430
SMVIMM201WICR ~ 7201E-T-P4®48 | 060 017  0.25 40860 30600 19980 71190 52020 35460
BMVIMM202WICR ~ 7202ET-P4RES | 080 022 032 34380 25830 17190 59670 43920 29880
SMVIMM203WICR ~ 7203E-T-P4AS | 110 030 045 30150 22590 14850 52290 38430 26190
SMVIMM204WICR ~ 7204E-T-P4RAS | 170 048  0.72 25740 19260 12870 43740 32760 21870
SMVIMM205WICR ~ 7205E-T-P4R38 | 210 059  0.88 21420 16110 10710 36450 27360 18180
BMVIMM206WICR  7206E-T-P4R@8 | 310 087 131 18000 13590 9000 30780 23040 15300
3MV/MM207WICR ~ 7207E-T-P4R3S |  4.40 122 182 15570 11700 7740 26460 19800 13140
3MVIMM208WICR ~ 7208E-T-P4®AS| 600 166 249 13860 10440 6930 23580 17730 11790
SMVIMM209WICR  7200E-T-P4#28 | 660 185 277 12600 9450 6300 20520 16110 10710
3MV/MM21OWICR  7210E-T-P4#R88 |  7.60 215 320 11250 8640 5760 19620 14670 9810
3MV/MM21IWICR  7211E-T-P4R48 | 970 270 410 10440 7830 5220 17730 13320 8910
3MVIMM212WICR  7212ETP4P8S| 1200 335 500 9540 7128 477 16200 12150 8100
3MVIMM2IBWICR  7213E-TP4®28 | 1460 405 610 8730 6534 432( 14850 11070 7380
3MV/MM214WICR  7214E-T-P41RA®| 1690 470  7.00 8190 6156 4140 13950 10440 7020
3MV/MM21ISWICR  7215E-T-P41R4®| 1860 515  7.80 7740 5832 387 13140 9018 6570
3MVIMM2I6WICR  7216E-TP4IRAR| 2200 610 920 7290 5454 360 12420 9270 6120
SMVIMM217WICR  7217E-T-P4IBAB)| 2710 7.5 1130 6750 5076 342 11520 8631 5850
3MV/MM21BWICR  7218E-T-PAR4R)| 3440 955 1440 6390 4806 324( 10890 8172 5490
3MV/MM2IOWICR  7210E-T-PAZBAR)| 4140 1150  17.30 6030 4536 306¢ 10260 7713 5220
BMVIMM220WICR  7220E-T-PARAE| 4910 1365 2050 5760 4320 288 9810 7844 4860
3MV/MM222WICR  7222E-T-PAMR4R)| 6760 1880  28.20 5220 3888 261 8910 6606 4410
3MVIMM224WICR  7224E-T-PABI4E®| 8230 2290 3430 4860 3618 243( 8280 6147 4140
3MV/MM226WICR  7226E-T-PABRAR)| 8130 2260  33.90 4410 3204 216 7470 5598 3690
SMVIMM230WICR ~ 7230E-T-P4@24®| 13190 3670  55.00 3780 2862 1944 6390 4869 3240

(Fill weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(®High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

GFor other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 02 SERIES

ULTRA-LIGHT ISO 02 SERIES

MM200K (6200-...-P4S)
SUPER PRECISION MMV

Bearing
Number

MM201K
6201
MM202K
6202
MM203K
6203
MM204K
6204
MM205K
6205
MM206K
6206
MM207K
6207
MM208K
6208
MM209K
6209
MM210K
6210
MM211K
6211
MM212K
6212
MM213K
6213
MM214K
6214
MM215K
6215
MM216K
6216

Bore
mm
n.
12
0.4724
15
0.5906
17
0.6698
20
0.7874
25
0.9843
30
1.1811
35
1.3780
40
1.5748
45
1.7717
50
1.9685
55
2.1654
60
2.3622
65
2.5591
70
2.75509
75
2.9528
80
3.1496

D C Ball ‘ Bearing
0.D. | Width® | Qty. x Dia\ W.
mm mm mm ‘ kg
in. in. in. Ibs.
32 10 7x5.95 0.035
12508 03940 7«
35 11 8x5.95 0.043
13780 04331  8x
40 12 8x6.75 0.062
15748 04724  8x
47 14 8x7.94 0.100
1.8504  0,5512 8 x
52 15 9x7.94 0.122
20472 05906  9x
62 16 9x9.53 0.185
24409  0/6299 o x
72 17 9x11.11 0.267
2.8346  0,6693 9x
80 18 | 9x1270 0337
3.1496  0,7087 0 x %
85 19 | 9x1270 0377
3.3465  0/7480 0 x %
90 20 | 10x1270 0425
35433 07874  10x%
100 21 | 10x1429 0564
39370  0/8268  10x
110 22 | 10x15888 0727
43307  0lg66l  10x
120 23 | 10x16/67  0.928
47244 0/9055  10x
125 24 | 10x1746  0.994
49213 09449  10x
130 25 | 10x1746 1074
51181 09843  10x
140 26 | 10x19.05 1317
55118 10236  10x%

DEEP-GROOVE (CONRAD) CONSTRUCTION

Running accuracy and performance meet ABEC 9 (ISO P2) levelsincorporates high shoulder on both inner and outer rings.
Other features conform to ABEC 7 (ISO P4) requirements.

Static

Ibs.
30

3700

47

65

78

113

15300

20

20200

23100

29100

36300

40000

2.05

00

00

00

00

00

00

Balls separated by two-piece and piloted cage.

Steel Ball

Ce
Dynamic

N
Ibs.

680

830
1060
1460
1760
2550
3450
4500
4550
5200
6550

8150

9000

43600 6

2.19

9800

44500 6

2.37

53400

2.90

10000

12000

8450

Load

Speed
RatingN9)

RPM

550
1700

1900

10600 3

2380

14200 3

3190

15500 2

3490

21600

4850
8500
6400
6200

8130
6300

8160
8900
8740
8100
10800
8200
13100
3400
14300
9000
15500
8900
15500
0600
18100

52200

44000

Ratings

G
Static

N
Ibs.

52200

44000

8500
38500
2800
32800
7400
27400
23000
23000
19800
19800
17700
17700
16000
16000
14600
14600
13300
1330¢
12100
12100

11100
1110
10500

10500

9900
9900

9200
9200Q

Ceramic Ball

Ce
Dynamic

N
Ibs.
2710
610
3290
740
4230
950
5860
1320
6980
1570
10000
2.25
13600
3060
17700
3970
18200
4090
20600
4640
26000
585
32000
719
35600
80(
39200
88|
39900
89¢
47200

10600

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).
(2ABMA STD 20 (ras max).
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Speed
RatingNg)

RPM

7550

170

8450

190

10600
23
14200
31
15500

3490

21600
48

28500
64
36200
81
36300
81
38900
a7
48100
10
58200
13
63400

8100

r
Rad(?

mm
in.
62600
0 62600
52800
0 52800
46200 0.6
46200
39400 1.0
39400
32900 1.0
32900

0.6

0.6

80

90

27600 1.0

50 27600
23800 1.0
23800

1.0

00
21200
30 21200
19200 1.0
60 19200
17500
40 17500
16000
16000
14500
14500
13300
13300
12600

12600

1.0

15
800
15
100
15
300
15
500

11900 15
500 11900
11000 2.0

11000




SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * ULTRA-LIGHT ISO 02 SERIES

- Cﬂ
r
»

ﬂ
\r
Qo —p

Suggested Shoulder Diameters Fixed Floating

Mounting Fits Housing Bore

(Stationary)

Housing Bore

Shaft Housing (Stationary)

Mounting Fits Mounting Fits

Max. Min. Max‘ Min. Max. Min.‘ Loose  Tight Ma* Min. Tidht Loose Max. Min. Loose Loose
|
|

|
%3
0.66 0.65 111 110 0.47240
9
?

n. n. n. in n. n. n. n. n. n. n. n. n. n. n.
166 | 164| 281 27 12000 11.995 0.005 | 0004 | 32005 32000 0000 0011 32010 32005 0016
047220 | 0.00020 0.00015 1126000 |1.25980| 0.00000 0.00045 126020  1.26000
192 | 189 311 30 15000 14.995 [0.005 | 0.004 | 35006 35000 0000  0.012 35010 35005  0.016
076 | 075 123 122 059060 (059040  0.00020 0.00015 137830 |1.37800| 0.00000 0.00050 137840  1.37820
217 | 215, 357 354 17000 16.995 0.005 | 0.004 | 40.006| 40.000 0.000 0012  40.010 #40.005  0.016
086 | 085 141 140 066930 |0.66910  0.00020 0.00015 157510 |1.57480| 0.00000 0.00050 157520  1.57500
260 | 258 415 413 20000 19.995 0.005 | 0.005 | 47.006| 47.000 0.000 0012  47.012 #7.007  0.018
1.03 | 102 164 163 078740 (0.78720 0.00020 0.00020 185070 |1.85040| 0.00000 0.00050  1.85090  1.85070
311 | 309 471 469 25000 24995 0005 | 0.005 | 52.006] 52000 0.000 0013 52012 52007  0.019
1.23 122) 186 1.85 008430 |0.98410 | 0.00020 0.00020 204750 |2.04720| 0.00000 0.00055 2/04770  2.04750
3.7 | 365 560 558 30000 29.995 0005 | 0.005 | 62.008] 62000 0000 0015 62012 62007  0.019
145 | 144|221 220 118110 [1.18090 | 0.00020 0.00020 2/44120 |2.44090| 0.00000 0.00060  2.44140  2.44120
427 | 422| 653 648 35000 34995 [0.005 | 0006 | 72008 72000 0000 0015 72011 72007  0.019
168 | 166 257 255 137800 |1.37780 | 0.00020 0.00025 2.83490 |2.83460| 0.00000 0.00060 2.83510 283490

478 | 472| 732 726 40000 39.995 (0005 |0.006 | 80.008] 80.000 0000 0015  80.012 B0.008  0.020
188 | 186 288 286 157480 |1.57460 0.00020 000025 3/14990 |3.14960 0.00000 0.00060 315010  3.14990
528 | 523| 782 777 45000 44995 0005 | 0006 | 85008 85000 0000 0016 85016 85009  0.024

208 | 206 308 306 177170 |1.77150  0.00020 0.00025 334680 |3.34650| 0.00000 0.00060 334710  3.34680
579 | 57.4| 833 828 50000 49.995 0.005 | 0.006 | 90.008) 90.000  0.000 0016  90.015  90.007  0.023

228 | 226 328 326 106850 (196830 0.00020 0.00025 354360 |3.54330| 0.00000 0.00060 354390  3.54360
638 | 633| 922 917 55000 54995 0005 | 0.007 | 100008 100.000 0.000 0016  100.018 [100.010  0.025
251 | 249 363 361 216540 (216520 000020 0.00030 393730 |3.93700| 0.00000 0.00060  3,93770  3.93740
69.9 | 69.3| 1014 1008 60,000 59.995 |0.005 | 0007 | 110008 110.000 0000 0,016  110.018 [110.010  0.025
275 | 273 399 397 236220 (236200 000020 0.00030 433100 |4.33070| 0.00000 0.00060 433140  4.33110
762 | 757| 1097 1092 65000 64995 |0.005 | 0007 | 120008 120.000 0000 0,016  120.018 [120.010  0.025
3.00 2.98 4.32 480 255910 |255890 | 0.00020 0.00030 472470 |4.72440| 0.00000 0.00060 4.72510  4.72480
808 | 803| 1158 1153  70/000 69.995 |0.005 | 0007 | 125008 125000 0000 0,017 125021 |125011  0.030
318 | 316] 456 454 275590 (275570 | 0.00020 0.00030 492160 |4.92130| 0.00000 0.00070 492210  4.92170
860 | 852| 1208 1200 75005 74995 0005 | 0012 | 130.009 130.000 0000 0,018  130.020 [130.010  0.029
339 | 336 476 473 205300 |295260  0.00020 0.00050 5/11850 |5.11810| 0.00000 0.00070 511890  5.11850
913 | 906| 1209 1292  80/005 79.995 |0.005 | 0012 | 140.009 140.000 0.000 0,018  140.020 |140.010  0.029
360 | 357 512 509  3.14980 |3.14940 | 000020 000050 551220 |5.51180| 0.00000 0.00070 551260 551220
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SUPER PRECISION BALL BEARINGS

SPINDLE BEARINGS « MEDIUM ISO 03 SERIES

MEDIUM ISO 03 SERIES

2(3)MM300WI (7300C(E)-...-P4S)
SUPER PRECISION MMV WI CONSTRUCTION

Running accuracy and performance meet ABEC 9 (ISO P2) levclsincorporates low shoulder on non-thrust side of outer rings.

Other features conform to ABEC 7 (ISO P4) requirements. Balls separated by one-piece cage piloted against a ground

thrust shoulder land of the outer ring.

Bearing 15 (C/2) Load Ratings 25 (E/3) Load Ratings

Number . .

15 C/®) Steel Ball Ceramic Ball Steel Ball ‘ Ceramic Ball

25 oé/gl) d D C (gtaux Bearing G Ce Speed G Ce Speed G Ce Speed | G Ce Speed

Bore | O.D. |Width® D?g Wit. Static |DynamicRatingN9) Static | DynamicRatingN9) Static | DynamicRatingN9) Static | DynamicRatingN9)
mm mm mm mm kg N N N N N N N N
in. | in. | in. in. | tbs. | tbs. | tbs. | RPM s | ps. | RPM| s | ps | RPM ‘ bs. | Ibs. | RPM

301wlI| 12 37 12 8x7.14 0.061 4700 11000 | 47600 4230 11000 57100 4600 10900 42800 4060 10900
7301 0.4724 14567 0.4724 | 8x 0.13 1060 2450 47600 950 2450 57100 10}40 2450 42800 920 :
302wWI| 15 42 13 10x6.75 0.087 5810 12000 | 38100 5170 12900 45700 5600 #1600 34300 5000 11600
7302 0.5906 1.6535 0.5118 10x 0.19 1320 2700 38100 1160 2700 45700 1#70 2600 34300 1120
303wI| 17 47 14 7x9.53 0.104 7280 16900 | 36800 6480 16900 44200 7100 i6400 33100 6300 16400
7303 0.6693 1.8504 0.5512 7x 0.23 1630 3790 36800 1460 3790 44100 1(#00 3690 33100 1420
304WI| 20 52 15 8x10.32 0.137 10000 21500 | 32200 8900 21500 38600 9650 POQOO 29000 8590 20900
7304 0.7874 2.0472 0.5906 8 X 0.30 2200 4840 32200 2000 4840 38600 2160 4700 29000 1930
305WI| 25 62 17 9x1191 0.221 15300 30500 | 26200| 13600 30500 31400 14800 ‘29500 23600/ 13200 29500
7305 0.9843 2.4409 0.6693 |9x 0.49 3450 6850 26200 3060 6850 31400 3#50 6630 23600 2970
306WI| 30 72 19 | 10x13.49 0.328 22200 34120 | 22100/ 19800 34120 26500 élSOO ‘ 39900 | 19900 19100 39900
7306 1.1811 2.8346 0.7480 |10x 0.72 4990 9270 22100 4440 9270 265b0 4%520 8960 19900 4290
307WI| 35 80 21 | 10x14.29 0.443 25600 46200 | 19200/ 22800 46200 23000 i4700 ‘ 44500 | 17300 22000 44500
7307 1.3780 3.1496 0.8268 |10x 0.98 5700 10400 19200 5130 10400 23#00 5*600 10000 | 17300 4940
308WI| 40 90 23 | 11x15.88 0.608 35000 |59700 | 16900| 31200 59700 20300 1%3800 ‘ 57500 | 15200 30100 57500
7308 1.5748 3.5433 0.9055 11 x 1.34 7800 13400 16900 7010 13400 20:*00 ﬂGOO 12900 15200 6770
309WI| 45 100 25| 10x1yr.46 0.809 38700 |66500 | 15100 34500 66500 18100 #7400 ‘ 64100 | 13600 33300 64100
7309 1.7717 3.9370 0.9843 |10x 1.78 8650 15000 15100 7750 15000 18100 #500 14400 | 13600 7480
310WI| 50 110 27 | 10x19.05 1.046 46200 |77900 | 13600 41200 77900 16300 %14700 ‘ 75100 | 12200 39800 75100
7310 1.9685 4.3307 1.0630 10 X ¥ 231 10400 17500 13600 9250 17500 16POO ]LOOOO 16900 12200 8940
311wWI| 55 120 29 | 10x20.64 1.332 54600 |90200 | 12400 48600 90200 14900 #2600 ‘ 86700 | 11200 46800 86700
7311 2.1654 4.7244 11417 |10x 2.94 12200 20300 12400 10900 20300 14900 #1800 19500 11200 10500
312wWI| 60 130 31| 10x22.23 1.665 63500 |103100| 11400 56600 103100 13700 ‘61000 ‘ 99100| 10300 54400 99100
7312 2.3622 5.1181 1.2205 10 x 3.67 14300 23200 11400 12700 23200 13#00 13700 22300 10300 12200
313WI| 65 140 33| 11x23.81 2101 80500 |124400| 10500 71700 124400 12600 ‘77400 ‘ 119700 9500 68900 11970C
7313 25591 55118 1.2992 |11x 4.63 18000 28000 (10500 | 16100 28000 14600 #7300 26900 9500 15500
314wWI| 70 150 35| 11x25.40 2548 91900 |139900| 9800 81800 139900 1hSOO b8300 ‘ 134500, 8800 78500 134500
7314 2.7559 5.9055 1.3780 11x1 5.62 20800 31500 9800 18400 31540 11#300 #OOOO 30200 8800 17700
319WI| 95 200 45| 10x34.93 5587 155900 |204400| 7400 138800 204400 #900 h50400 ‘ 196800 670 133900 19680
7319 3.7402 7.8740 1.7717 |10x1 12.32 35100 46000 7400 31200 460b0 8#)00 #3800 44200 6700 30100

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(width tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2Fill weights based upon speci ¢ gravity of 0,99.

() is ISO designation for 15 contact angle, 2 is Timken designation for 15 contact angle.

(4E is 1SO designation for 25 contact angle, 3 is Timken designation for 25 contact angle.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * MEDIUM ISO 03 SERIES

Suggested Shoulder Diameters Fixed ‘ Floating

Shaft Diameter,  Mounting F|LT
r : Housing Bore Housing Bore " .
Rad® Shaft Housing | (Stationary) Mounting Fits | (Stationary) Mounting Fits
Max. Min. Max. Min. Max. Min.|  Loosge Tlg+t ax. Min. Tight Lo%se w Viin.  Loose Loose
mm mm mm mm mm mm mm mm m mm mm mm mm mm mm
in. in. in. in. in. in. in. in. in. in. in in. in.

1.0 17.7 17.4 32.1 319 12,000  11.995 0.005 0.004 | 37.006 37.000 O. bOO d 012 87.010 | 37.005 0.016
0.039 0.70 0.69 1127 1.26 0.47240 | 0.47220 0.04020 0/00015 |1.45700 l.456’70 0.0bOOO 0.00050 | 1.45710 1.45690
1.0 22.2 22.0 35.7 354 15,000  14.995 0.005 ‘ 0.004 | 42.006 42.000 O.bOO d.OlZ 42.010 | 42.005 0.016
0.039 0.88 0.87 1141 1.40 0.59060 | 0.59040 0.04020 0.00015 |1.65380 1.653F0 0.0bOOO 0.00050 | 1.65390 1.65370
1.0 22.7 22.5 42.0 418 17,000  16.995 0.005 ‘ 0.004 | 47.006 47.000 O.bOO 4.012 A47.012 | 47.007 0.018
0.039 0.90 0.89 1166 1.65 0.66930 | 0.66910 0.04020 0/00015 |1.85070 l.850FlO 0.0bOOO 0.00050 | 1.85090 1.85070
1.0 30.1 29.9 46.6 46.4 20.000  19.995 0.005 ‘ 0.005 52.006 52.000 O.bOO d.013 52.012 | 52.007 0.019
0.039 1.19 1.18 184 1.83 0.78740 | 0.78720 0.04020 0.00020 |2.04750 2.047?0 0.0bOOO 0.00055 | 2.04770 2.04750
1.0 32.1 31.9 55.8 55.5 25.000 24.995 0.005 ‘ 0.005 62.008  62.000 O.bOO d.OlS 62.012 | 62.007 0.019
0.039 1.27 1.26 2120 2.19 0.98430 | 0.98410 0.04020 0/00020 |2.44120 2.440?0 0.0bOOO 0.00060 | 2.44140 2.44120
1.0 37.7 37.5 65.2 64.9 30.000  29.995 0.005 ‘ 0.005 72.008  72.000 O.bOO d.015 72.011 | 72.007 0.019
0.039 1.49 1.48 2|57 2.56 1.18110 | 1.18090 0.04020 0.00020 |2.83490 2.834#0 0.0bOOO 0.00060 | 2.83510 2.83490
15 43.7 43.2 72.1 71.6 35.000 34.995 0.005 ‘ 0.006 80.008  80.000 O.bOO d.OlS 80.012 | 80.008  0.020
0.059 1.72 1.70 284 2.82 1.37800 | 1.37780 0.04020 0/00025 |3.14990 3.149%50 0.0bOOO 0.00060 | 3.15010  3.14990
15 49.8 49.3 81.3 80.8 40.000 39.995 0.005 ‘ 0.006 90.008  90.000 O.bOO d.OlG 90.015 | 90.007 0.023
0.059 1.96 1.94 320 3.18 1.57480 | 1.57460 0.04020 0.00025 |3.54360 3.543b0 0.0bOOO 0.00060 | 3.54390 3.54360
15 55.9 55.4 90.2 89.7 45,000 44.995 0.005 ‘ 0.006 | 100.008 100.000 OlOOO ¢).016 100.018 | 100.010 0.025
0.059 2.20 2.18 3/55 3.53 1.77170 | 1.77150 0.04020 0/00025 |3.93730 3.937b0 0.0bOOO 0.00060 | 3.93770 3.93740
2.0 61.2 60.7 99.8 99.3 50.000  49.995 0.005 ‘ 0.006 | 110.008 110.000 OlOOO #).016 110.018 | 110.010 0.025
0.079 2.41 2.39 3193 3.91 1.96850 | 1.96830 0.04020 0.00025 |4.33100 4.330#0 0.0bOOO 0.00060 | 4.33140 4.33110
2.0 67.3 66.8 108|7 108.2 55.000 54.995 0.005 ‘ 0.007| 120.008 120,000 d.OOO ‘0.016 120.018, 120.010 0.025
0.079 2.65 2.63 428 4.26 2.16540 | 2.16520 0.04020 0/00030 |4.72470 4.724%10 0.0bOOO 0.00060 | 4.72510 4.72480
2.0 73.1 72.6 1179 117.3 60.000 59.995 0.005 ‘ 0.007| 130.009 130,000 d.OOO ‘0.018 130.020| 130.010 0.029
0.079 2.88 2.86 4,64 4.62 2.36220 | 2.36200 0.04020 0.00030 |5.11850 5.118}10 0.0bOOO 0.00070 | 5.11890 5.11850
2.0 80.3 79.8 1268 126.2 65.000 64.995 0.005 ‘ 0.007| 140.009 140,000 d.OOO ‘0.018 140.020, 140.010 0.029
0.079 3.16 3.14 4199 4.97 2.55910 | 2.55890 0.04020 0/00030 |5.51220 5.511?0 0.0bOOO 0.00070 | 5.51260 5.51220
2.0 85.3 84.8 135/6 135.1 70.000  69.995 0.005 ‘ 0.007| 150.009 150,000 d.OOO ‘0.018 150.023| 150.012 0.032
0.079 3.36 3.34 5|34 5.32 2.75590 | 2.75570 0.04020 0.00030 |5.90590 5.905F0 0.<DOO 0/00070 |5.90640 5.90600
3.0 113.2 112.4 183.3 182.5 95.000 [94.995 | 0.005 ‘ 0.013 200.011 200.000 ¢.000 ‘ 0.022 | 200.025 200.015 0.036
0.118 4.46 4.43 722 7.19 8.74016 | 3.73996 0.04020 0.00051 |7.87402 7.874)45 0.0bOOO 0.00087 | 7.87500 7.87461
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * MEDIUM ISO 03 SERIES

MEDIUM ISO 03 SERIES

2(3)MM300WI (7300C(E)-...-P4S)
DUPLEX PERFORMANCE DATA

Preload Axial Stiffness ‘ Radial Stiffned® Spacer Offsetd)
Bearing
Number X'?I%f]t Bg’h"t oo HZL;\'jy X-light| Light ~Med. Heavy Xlight Light Med. Hez \)fyliiggr:tto e “{I*Zivt;
N N N N N/pm N/pm N/pm N/pm N/pm N/pm N/pm N/pm pm pm um
Ibs. Ibs. Ibs. Ibs. |1® Ibs./in|1® Ibs./in|1® Ibs./in,1C Ibs./in| 1 Ibs./in|1® Ibs./in|1® Ibs./in,1C Ibs./in in. in. in.

2MM301WICR — 20 70 180 — 17.49 27.81 44.25 ‘— 98.82 153.56 | 183.30 — 7.87 12.45

7301C-T-P4S — 5 15 40 — 0.100 0.159 ‘ 0.253‘ — 0.565 0.878 1,048 — 0.00031 (
2MM302WICR 20 40 110 220 — 27.46 40,93 5#.19 i09.97 143.24 | 164.93 205.51 3.70 7.87 9.14
7302C-T-P4S 5 10 25 50 — 0.157 0.234 ‘ 0.32? 0.628 0,819 0.943 1.175 0.00015 0.00031
2MM303WICR 40 70 160 310 — 26.58 38.83 5}4.57 #27.92 147.44 | 197.46  263.05 3.63 10.92 134
7303C-T-P4S 10 15 35 70 — 0.152 0.222 ‘ 0.31P 0.730 0.843 1.129 1.504 0.00014 0.00043
2MM304WICR 40 90 220 400 — 33.06 49,85 6%5.46 i40.53 181.72 | 23297 289.81 6.14 12.95 12.9
7304C-T-P4S 10 20 50 90 — 0.189 0.285 ‘ 0.38b 0.803 1.039 1.332 1.657 0.00024 0.00051
2MM305WICR 90 160 330 62 — 46.17 65.24 48.50 P03.85 247.83 | 318.78 387.86 6.42 12.70 14.9
7305C-T-P4S 20 35 75 140 — 0.264 0.373‘ 0.546 1.164 1.417 1.820 2.215 0.00025 0.0005C
2MM306WICR 90 180 440 78 — 49.50 74.68 9{8.47 ?23.77 271.27 | 394.56 470.83 7.73 17.27 15.4
7306C-T-P4S 20 40 100 175 — 0.283 0.42# 0.5¢3 1.278 1.551 2.253 2.689 0.00030 0.0006!
2MM307WICR 110 220 560 1000 — 55,97 85.18 ]L14.38 ‘251.87 323.91 438.09 526.52 9.05 18.80 17.
7307C-T-P4S 25 50 125 225 — 0.320 0.48# 0.6$4 1.438 1.852 2.502 3.007 0.00036 0.0007-
2MM308WICR 130 290 670 1220 — 64[71 94.62 127.85 ‘ 290.33 | 364.67| 512,52 620.41 10.56 19.05 20.
7308C-T-P4S 30 65 150 275 — 0.370 0.54# 0.73?1 1.658 2.085 2.927 3.543 0.00042 0.0007!
2MM309WICR 180 330 780 1560 — 70/13 103.02 145.17 ‘ 313.69 | 393.18 52048 646.82 10/00 20.57 25
7309C-T-P4S 40 75 175 350 — 0.401 0.58&% 0.830 1791 2.248 2.972 3.694 0.00039 0.0008:
2MM310WICR 220 440 1000 1780 —+ 81/15 117.36 hSG.Ol 347.72 | 445.06 580.34  694.99 12,52 22.35 22
7310C-T-P4§ 50 100 225 400 — 0.464 0.67Jr 0.892 1/986 2.541 3.314 3.969 0.00049 0.0008
2MM311WICR 270 560 1110 2110 —+ 88/15 121.38 h67.20 383.15 | 496.30 622.37  761.00 15,05 21.34 27
7311C-T-P4S 60 125 250 475 — 0.504 0.694 0.956 2/188 2.834 3.554 4.346 0.00059 0.0008
2MM312WICR 270 560 1330 2450 —+ 89/72 133.80 h80.85 387.61 | 506.89 675.70 816.95 14,75 27.94 28
7312C-T-P4S 60 125 300 550 — 0.513 0.76$ 1.034 2|213 2.895 3.859 4.665 0.00058 0.0011
2MM313WICR 330 670 1670 3000 —+ 104.24  157.93 P11.28 453.84| 585.6 791.90 952,23 14.55 30.48 28
7313C-T-P4S 75 150 375 675 — 0.596 0.90:? 1.208 2/592 3.344 4.522 5.438 0.00057 0.0012
2MM314WICR 400 780 1890 3450 —+ 110.89  166.33 %24.22 498.33| 633.95 848.58 1024.31 15.49 32.26 3:
7314C-T-P4S 90 175 425 775 — 0.634 O.QSJr 1.282 2/846 3.620 4.846 5.849 0.00061 0.0012
2MM319WICR 670 1330 3110 6280 -+ 140.44  206.03 ‘290.33 611.00| 787.43 1041.02 1293.71 21.67 41.05 5
7319C-T-P48 150 300 700 1400 — 0.803 1.1%8 1.660 3.489 4.497 5.945 7.388 0.00085 0.001¢

(UFor DB or DF arrangements only. For other mounting arrangements, contact your Timken representative.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * MEDIUM ISO 03 SERIES

MOUNTING ARRANGEMENTS

~ Y ~
p | N p L7 )
Back-to-Back Tandem Face-to-Face
DB DT DF
Preload Axial Stiffnesd Radial Stiffned®) Spacer Offsetd)
Bearing
Number xcioht| Light | Med. | Heawy gt Light | Med.| Heavy Xdlight Light ~Med. Hes %jl'_i%rr‘ftto o '\l"{idavt;
N N N N N/um N/um N/um N/um N/um N/um N/um N/um um um um
Ibs. Ibs. Ibs. Ibs. |10 Ibs./in|1® Ibs./in|1® Ibs./in,1® Ibs./in} 1 Ibs./in, 1 Ibs./in|1® Ibs./in| 1 Ibs./in in. in. in.

3MM301WICR 40 90 180 310 — 58.59 76.61 96.37 96.32 122.54 153.78 183.5¢ 3.42 5.33 6.10
7301E-T-P4S 10 20 40 70 — 0.335 0.438 0.551 0.550 0.700 0.878 1.048 0.00013 0.00021
3MM302WICR 40 90 180 360 — 66.46 86.75 115.08 108.95 139.15 174.90 217.90 2.99 4.57 7.11
7302E-T-P4S 10 20 40 80 — 0.380 0.496 0.658 0.622 0.795 0.999 1.244 0.00012 0.00018
3MM303WICR 40 110 270 44 — 63.66 89.02 109.49 93.69 132.92 176.19 207.22 4.85 8.13 7.11
7303E-T-P4S 10 25 60 100 — 0.364 0.509 0.626 0.535 0.760 1.006 1.183 0.00019 0.0003c
3MM304WICR 90 160 360 62 — 79.23 108.96 136.77 136.71 159.51 220.02 261.18 3.70 8.38 8.6
7304E-T-P4S 20 35 80 140 — 0.453 0.623 0.782 0.781 0.912 1.258 1.491 0.00015 0.0003:
3MM305WICR 110 220 530 890 — 101.62 142.19 174.90 165.18 212.03 283.21 333.10 4.90 10.16 8.¢
7305E-T-P4S 25 50 120 200 — 0.581 0.813 1.000 0.943 1.211 1.617 1.902 0.00019 0.0004¢
3MM306WICR 135 270 670 1110 — 112.29 159.33 196.06 193.95 252.07 342.44 403.21 4.99 11.68 9./
7306E-T-P4S 80 60 150 250 — 0.642 0.911 1.121 1.108 1.439 1.955 2.303 0.00020 0.0004
3MM307WICR 180 360 850 1560 — 134.85 187.84 241.01 221.46 284.26 378.37 459,17 5.93 12.19 13
7307E-T-P4S 40 80 190 350 — 0.771 1.074 1.378 1.265 1.623 2.161 2.622 0.00023 0.0004
3MM308WICR 220 440 1110 1780 — 150.41 214.08 259.20 261.11 336.84 456.64 53040 6.22 14.48 11
7308E-T-P4S 50 100 250 400 — 0.860 1.224 1.482 1/491 1.923 2.608 3.029 0.00025 0.0005
3MM309WICR 270 530 1330 2220 — 165.98 285.94 290.51 269.80 332.14 468.66 551,00 7,20 15.75 13
7309E-T-P4S 60 120 300 500 — 0.949 1.349 1.661 1541 1.899 2.676 3.146 0.00028 0.0006
3MM310WICR 310 620 1560 2670 — 178.75 254.13 316.57 293.47 360.12 510.86 605,40 7.83 17.27 15
7310E-T-P4S 70 140 350 600 — 1.022 1.453 1.810 11676 2.059 2.914 3.457 0.00031 0.0006
3MM311WICR 400 780 1780 3110 — 198.16 272.32 342.10 328.74 407.34 547.14 653,40 8.51 17.02 17
7311E-T-P4S 90 175 400 700 — 1.133 1.557 1.956 1877 2.329 3.124 3.731 0.00034 0.0006
3MM312WICR 450 890 2000 3560 — 213.38 291.21 367.81 347.62 450.02 582.53 699,31 9.35 17.53 18
7312E-T-P4S 100 200 450 800 — 1.220 1.665 2.103 1,985 2.573 3.326 3.993 0.00037 0.000€
3MM313WICR 560 1110 2670 4450 —+ 249.23 348.93 429.55 409.70 525.26 701.21 824.51 10.03 20.83 1¢
7313E-T-P4S 125 250 600 1000 — 1.425 1.995 2.456 2.340 2.999 4.004 4.708 0.00039 0.000¢
3MM314WICR 620 1220 2890 5120 —_ 262.52 365.02 460.34 433.61 552.97 735.10 881.07 10.22 21.08 2!
7314E-T-P4S 140 275 650 1150 — 1.501 2.087 2.632 2.476 3.158 4,198 5.031 0.00040 0.000¢
3MM319WICR 1070 2110 4890 8900 -+ 328.81 453.52 578.22 541.62 692.64 914/62 1105.79 14.24 28.19 3
7319E-T-P4S 240 475 1100 2000 — 1.880 2.593 3.806 3.093 3.955 5.223 6.315 0.00056 0.001
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * MEDIUM ISO 03 SERIES

MEDIUM ISO 03 SERIES

2(3)MM300WI (7300C(E)-...-P4S)
SPEED CAPABILITY DATA

‘ Grease Capacity) Operating Speeé (DB Mounting))
Faf,ﬂ{,rn?begr””g 'Sélj?n%:ing ‘ Low Speetd High Spee® Grease oil

‘ 25% 40% 10% 159 DUL DUM DUH DL*L DUM DUH

‘ grams grams grams grams RPM RPM RPM RPM ‘ RPM RPM
2MM301WICR 7301C-T-P4560 1.00 0.40 0.53 35700 28600 19000 BOJrOO 48600 32400
2MM302WICR 7302C-T-P4570 1.20 0.49 0.65 28600 22900 15200 48(#00 38900 25900
2MM303WICR 7303C-T-P420 2.00 0.83 1.10 27600 22100 14700 46!#00 37500 25000
2MM304WICR 7304C-T-P450 2.50 1.03 1.38 24200 19300 12900 41*00 32800 21900
2MM305WICR 7305C-T-P£530 3.80 1.57 2.09 19700 15700 10500 33%100 26700 17800
2MM306WICR 7306C-T-P4&50 5.60 2.35 3.14 16600 13300 8800 282{00 22500 15000
2MM307WICR 7307C-T-P4S50 7.40 3.07 410 14400 11500 7700 245*00 19600 13100
2MM308WICR 7308C-T-P4640 10.20 4.25 5.66 12700 10100 6800 21400 17200 11500
2MM309WICR 7309C-T-P450 13.60 5.68 7.58 11300 9100 6000 193b0 15400 10300
2MM310WICR 7310C-T-P48%.10 17.80 7.40 9.90 10200 8200 5400 l73b0 13900 9200
2MM311WICR 7311C-T1-P48%.20 22.70 9.50 12.60 9300 7400 5000 158¢)O 12600 8400
2MM312WICR 7312C-T1-P4%.70 28.30 11.80 15.80 8600 6800 4600 145¢)O ly600 7800
2MM313WICR 7313C-T-P28.70 33.20 13.80 18.50 7900 6300 4200 134¢)O 14700 7100
2MM314WICR 7314C-T-P25.20 40.30 16.80 22,40 7400 5900 3900 125¢)O 14000 6700
2MM319WICR 7319C-T-P88.90 97.40 40.60 54,10 5600 4400 3000 940b 75*00 5000
3MM301WICR 7301E-T-P4860 1.00 0.40 0.58 32130 25740 17100 54(#30 4‘3740 29160

(Fill weights based on speci ¢ gravity of 0.99.

(2Low speed <500000 dN.

(3High speed > 500000 dN.

(4For ceramic ball complements, use 120 percent of speeds shown.

(SFor other mounting arrangement con gurations, refer to the engineering section on permissible speed calculation methods.
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * MEDIUM ISO 03 SERIES

MOUNTING ARRANGEMENTS

Y WF )\
4 AY 4 4
) u J
Back-to-Back Tandem Face-to-Face
DB DT DF
Grease Capacify Operating Spee¢fs (DB Mountingd
- : Timken
Fafnir Bearing !
ISO Bearing | | ow Speetd) High Spee@) Grease oil
Number Nl e p gn Spf
25% 40% 10% 159 DUL DUM DUH DL*L DUM DUH
grams grams grams grams RPM RPM RPM RPM ‘ RPM RPM

3MM302WICR 7302E-T-P4570 1.20 0.49 0.65 25740 20610 13680 43%40 35010 23310
3MM303WICR 7303E-T-P4S20 2.00 0.83 1.10 24840 19890 13230 42%10 33750 22500
3MM304WICR 7304E-T-P4S50 2.50 1.03 1.38 21780 17370 11610 36#90 29520 19710
3MM305WICR 7305E-T-P4530 3.80 1.57 2.09 17730 14130 945( 30460 24030 16020
3MM306WICR 7306E-T-P4350 5.60 2.35 3.14 14940 11970 7920 25#80 20250 13500
3MM307WICR 7307E-T-P4560 7.40 3.07 410 12960 10350 6930 22450 17640 11790
3MM308WICR 7308E-T-P£40 10.20 4.25 5.66 11430 9090 6120 193F0 15480 10350
3MM309WICR 7309E-T-P4&350 13.60 5.68 7.58 10170 8190 5400 173#0 13860 9270
3MM310WICR 7310E-T-P4%.10 17.80 7.40 9.90 9180 7380 4860 155%0 12510 8280
3MM311WICR 7311E-T-P48.20 22.70 9.50 12.60 8370 6660 4500 142#0 11340 7560
3MM312WICR 7312E-T-P43.70 28.30 11.80 15.80 7740 6120 4140 130%0 10440 7020
3MM313WICR 7313E-T-P28.70 33.20 13.80 18,50 7110 5670 3780 120450 9630 6390
3MM314WICR 7314E-T-P25.20 40.30 16.80 2240 6660 5310 3510 112%0 9000 6030
3MM319WICR 7319E-T-P68.90 97.40 40.60 5410 5040 3960 2700 846b 6750 4500
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SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * MEDIUM ISO 03 SERIES

MEDIUM ISO 03 SERIES

MM300K (6300-...-P45S)
SUPER PRECISION MMV

Bearing
Number

MM305K
6305
MM306K
6306
MM307K
6307
MM308K
6308
MM309K
6309
MM310K
6310
MM311K
6311
MM312K
6312
MM313K
6313
MM314K
6314

Bore

mm

25
0.984
30
1.181
35
1.378
40
1.574
45
1.771
50

1.9685%

55

2.1654

60

2.3622

65
2.559
70
2.755

7

3

.

.

O.D.

mm

62
2.44
72
2.83
80
3.14
90
3.54
100
3.93
110
4.33
120
4.72
130
5.11
140
5.51
150

C
Width®)

09

46

96

33

70

07

44

81

18

5.90

55

mm
in.
17

19

21

23

25

27

[y

29

[y

31

[y

33

[y

35

[

Ball Bearing
Qty. x Dia. Wt.

mm kg

in. Ibs.

7x11.9 0.22
6693 7 X

7x135 0.32
.[7480 f X

7x14.3 0.43
.8268 7 x

7x15.9 0.59
.9055 7 X

8x17.5 0.80
.9843 B X

8x19.1 1.05
.0630 8 X%

8x20.6 1.32
1417 B X

8x22.2 1.66
2205 8 x

8x23.8 2.04
.2992 B X

8x25.4 2.48
.8780 8x1

(0

DEEP-GROOVE (CONRAD) CONSTRUCTION

Running accuracy and performance meet ABEC 9 (ISO P2) levelsIncorporates high shoulder on both inner and outer rings.
Other features conform to ABEC 7 (ISO P4) requirements.

Static

N
Ibs.

0.49

0.72

0.95

1.31

1.78

2.32

2.93

3.67

451

5.48

121

158

183

228

31

37

44

51

59

68

Balls separated by two-piece and piloted cage.

Steel Ball
C
Dynamic

N
Ibs.

00
2730

2

00
3560
00
4120
00
5120
700
7120
900
8510
600
10000
800
11700
700
13400
000
15300

10

11

Load Ratings

Speed
RatingN9)

RPM
6200
5890

3100
7440

7100

8340

45000

10100
8500
13200
8600
15400
9300
17800
0700
20400
2700
23100
5500

26000

9900

Co.
Static

N
Ibs.

26500

22300

19400

17100

15200

13800

12500

11500

10700

26500

22300

19400

17100

1520

1380

12500

11500

10700

9900

Ceramic Ball

G
Dynamic

N
Ibs.

10800
2430
14100
3160
16300
3670
20300
456
28200
6340
33700
757

00

00

13600

(NgFor a single, grease-lubricated, spring-preloaded bearing. This value to be used in permissible operating speed (Sp) calculation.
(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2ABMA STD 20 (ras max).
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Speed

RatingN9)

RPM

26200
58
33100

8340

10100

102700

2

115500

2¢

P
Rad(?)

mm
in.
31800
90

1.0
31800
26760
40

1.0
26760
23280 15
23280
20520 15
20520
18240

200

15
18240
16560
400

15
16560
15000 2.0
7800 15000
13800

0400

2.0
13800
12840
12840

2.0
8100

11880 2.0

5000 11880



SUPER PRECISION BALL BEARINGS
SPINDLE BEARINGS * MEDIUM ISO 03 SERIES

O —>

d
Suggested Shoulder Diameters Fixed Floating
< _ Shaft Diameter Mounting Fits Housing Bore _ _ Housing Bore _ _
aft Housing (Stationary) Mounting Fits (Stationary) Mounting Fits

Max. Min. Max. Min. Max. Min. Loose  Tight Max. Min. Tight  Loose Max. Min. Loose Loose
mm mm mm mm r_nm mm mm mm mm r_nm mm mm mm mm r_nm mm

n. n. n. in. n. n. n. n. n. n. n. n. n. n. n. in.

321 31.9 55.8 55.5 25.000 24.995 0.005 0.005 62.008 62.000 0.000 0.015 62.012 62.007 0.019
1.27 1.26 2.20 2.19 0.98430 0.98410 0.00020 0.00020 2,44120 2.44090 0.00000 0.00060 2144140 2.44120
37.7 375 65.2 64.9 30.000 29.995 0.005 0.005 72.008 72.000 0.000 0.015 72.011 72.007 0.019
1.49 1.48 2.57 2.56 1.18110 1.18090 0.00020 0.00020 2.83490 2.83460 0.00000 0.00060 283510 2.83490
43.7 43.2 72.1 71.6 35.000 34.995 0.005 0.006 80.008 80.000 0.000 0.015 80.012 80.008 0.020
1.72 1.70 2.84 2.82 1.37800 1.37780 0.00020 0.00025 3./14990 3.14960 0.00000 0.00060 3/15010 3.14990
49.8 49.3 81.3 80.8 40.000 39.995 0.005 0.006 90.008 90.000 0.000 0.016 90.015 90.007 0.023
1.96 1.94 3.20 3.18 1.57480 1.57460 0.00020 0.00025 3.54360 3.54330 0.00000 0.00060 3154390 3.54360
55.9 55.4 90.2 89.7 45.000 44.995 0.005 0.006 100.008 100.000 0.000 0.016 100.018 |100.010 0.025
2.20 2.18 3.55 3.53 1.77170 1.77150 0.00020 0.00025 3.93730 3.93700 0.00000 0.00060 3193770 3.93740
61.2 60.7 99.8 99.3 50.000 49.995 0.005 0.006 110.008 110.000 0.000 0.016 110.018 [110.010 0.025
2.41 2.39 3.93 3.91 1.96850 1.96830 0.00020 0.00025 4.33100 4.33070 0.00000 0.00060 433140 4.33110
67.3 66.8 108.7 108.2 55,000 54.995 0.005 0.007 120.008 120.000 0.000 0(016 120.018 |120.010 0.025
2.65 2.63 4.28 4.26 2.16540 2.16520 0.00020 0.00030 472470 4.72440 0.00000 0.00060 4(72510 4.72480
43.2 72.6 117.9 1173 60,000 59.995 0.005 0.007 130.009 130.000 0.000 0018 130.020 |130.010 0.029
2.88 2.86 4.64 4.62 2.86220 2.36200 0.00020 0.00030 5./11850 5.11810 0.00000 0.00070 5/11890 5.11850
80.3 79.8 126.8 126/.2 65,000 64.995 0.005 0.007 140.009  140.000 0.000 0018 140.020 |140.010 0.029
3.16 3.14 4.99 4.97 2.55910 2.55890 0.00020 0.00030 5.51220 5.51180 0.00000 0.00070 5(51260 5.51220
85.3 84.8 135. 13501 70,000 69.995 0.005 0.007 150.009 150.000 0.000 0018 150.023 |150.012 0.032
3.36 3.34 5.34 5.82 2.75590 2.75570 0.00020 0.00030 5.90590 5.90550 0.00000 0.00070 5190640 5.90600
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

BALL SCREW SUPPORT SERIES
METRIC SERIES

Designed for maximum axial rigidity, low drag torque and Maximum complement of balls.
extreme control of lateral eccentricity.

Manufactured to ABEC 9/ISO P2 axial tolerances.

Supplied prelubricated with heavy-duty grease NLGI #2.
Packaged in DB arrangement [can be mounted in duplexed

Non-separable angular-contact type design pairs and in multiplexed sets in either back-to-back
(60 degree contact angle). (DB), face-to-face (DF) or tandem (DT) arrangements].
Manufactured to ABEC 7/ISO P4 radial and envelope
tolerances.
Suggested Shoulder Diameters
Bearing d D c Ball Q! o - Shaft Housing Shaft Dia. Housing Dia.
Number Bore O.D. | Width®) | x Dia. Rad®) ) i i i
Max. Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm kg mm mm mm mm mm mm mm mm mm
in. in. in. in. Ibs in. in. in. in. in. in. in. in. in.
12 32 10 11x 48  0.040 0.8 17.630  17.370 |26.630 | 26.370, 11.996  11.992  32.006  32.
MM12BSSE 0.4724|  1.2598 03937  11x 0.09 0.031 0.6941  0.6839 1,0484 1.0382 | 0.4723| 0.4721 1.260
.15 35 11 13x 48  0.050 0.8 20.630  20.370 | 29.630 | 29.370  14.996  14.992  35.006  35.
MM158S3p 0.5906/  1.3780 04331  13x 0.11 0.031 0.8122  0.8020 1,1665 1.1563 | 0.5904|  0.5902 1.378
17 47 15 12x7.9  0.180 0.8 23.130  22.870 | 41.630 | 41.370 16.996  16.992  47.006  47.f
MML7BSAT 0.6693|  1.8504  0.5906  12x 0.29 0.031 0.9106  0.9004  1/6390 1.6287 | 0.6691 0.6690  1.850
20 47 15 12x7.9  0.1R0 0.8 26.130  25.870 | 41.630 | 41.370 19.995  19.990  47.006  47.(
MM208S4 0.7874|  1.8504  0.5906  12x 0.26 0.031 1.0287 1.0185 16390 1.6287 | 0.7872| 0.7870  1.850
.25 52 15 13x7.9  0.140 0.8 31.630  B1.370 | 43.630 | 43.370 24.995 24990  52.007  52.
MM25855% 0.9843|  2.0472 05906  13x 0.37 0.031 1.2453 1.2350 1,7177 17075 | 0.9841  0.9839  2.047
.25 62 15 17x7.9  0.280 0.8 35.130  B4.870 |56.130 | 55.870 24.995 24.990  62.007  62.
MM25836% 0.9843| 24409 05906 17 x 0.51 0.031 1.3831 13728  2/2098  |2.1996 | 0.9841| 09839  2.441
30 62 15 17x7.9  0.210 0.8 40.130  39.870 |56.130 | 55.870| 29.995 29.990  62.007  62.
MM30836% 1.1811| 24409 05906 17 x 0.46 0.031 1.5799 1.5697 2/2098 2.1996 1.1809 1.1807 2.441
30 72 15 18x87  0.320 0.8 40.130  B39.870 |56.130 | 55.870| 29.995  29.990  72.007  72.
MM308S72 1.1811| 2.8346 05906 1B x 0.71 0.031 1.5799 15697 22098  [2.1996 1.1809 1.1807  2.834
35 72 15 18x87  0.290 0.8 42130  41.870 |64.130 | 63.870| 34.994 34988 72007  72.
MM35BS7R 1.3780| 2.8346  0.5906 18 x 0.64 0.031 1.6587 1.6484 25248 |2.5146 1.3777 13775  2.834
35 100 20 18x12.7  0.860 0.8 42130 |41.870 | 90.130 | 89.870  34.994 34998  100.007 10
MM358S190 1.3780| 3.9370  0.7874 18 x ¥ 1.90 0.031 1.6587 1.6484 35484  [3.5382 1.3777 13775  3.937
40 72 15 18x87  0.250 0.8 47130  46.870 |64.130 | 63.870 39.994  39.998  72.007  72.
MMAOBSTE 1.5748| 2.8346 05906  18x 0.55 0.031 1.8555 1.8453 25248 |25146 | 1.5746 15743  2.834
40 90 15 24x87  0.490 0.8 47130  46.870 |82.130 | 81.870 39.994  39.988  90.008  90.f
MM40BS9p 1.5748| 3.5433 05906 24 x 1.08 0.031 1.8555 1.8453.2233.2339.5746 15743  3.5436  3.5433

(width tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).
(@single bearing.
(ABMA STD 20 (ras max).
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SUPER PRECISION BALL BEARINGS

Bearing d
Number Bore
mm
in.
40
MM40BS90:20
1.5748
40
MM40BS90-:23
1.5748
40
MM40BS100
1.5748
45
MM45BS75
1.7717
45
MM45BS100
1.7717
50
MM50BS90
1.9685
50
MM50BS100
1.9685
55
MM55BS90
2.1654
55
MM55BS1#0CR
2.1654
60
MM60BS1#0CR
2.3622
75
MM75BS1#0CR
2.9528
100
MM100BS18DCR
3.9370

D
O.D.

mm
in.
90
3.543
90
3.543
100
3.937
75
2.952
100
3.937
90
3.543
100
3.937
90
3.543
120
4.724
120
4.724
110
4.330
150
5.905

[2xC}

wigtn| xba’] WO | gl
mm mm kg mm

in. in. Ibs in.
20 24 x 8.7 0.660

3 0.7874 24 x 1.46
23 24 x 8.7 0.750

3 0.9055 24 x 1.65
225 18x12.7  0.820

0 0.8858 18 x %2 1.81
15 20x 8.7 0.250

8 0.5906 20 x 0.55
225 18x12.7  0.760

0 0.8858 18 x % 1.68
15 24 x 87 0.410

3 0.5906 24 x 0.90
225 18x12.7  0.710

0 0.8858 18 x Y2 1.57
15 24 x8.7 0.360

3 0.5906 24 x 0.79
225 21x12.7  1.140

4 0.8858 21 x Y2 251
225 21x12.7  1.060

4 0.8858 21 x %2 2.34
15 30x8.7 0.460

7 0.5906 30 x 1.01
225 26x12.7  1.280

5 0.8858 26 x ¥2 208239

0.8

0.8

0.8

1.0

1.0

1.0

(width tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2single bearing.

(3ABMA STD 20 (ras max).

(4CR indicates phenolic cage design.

0.031

0.031

0.031

0.031

0.031

0.031

0.039

0.039

0.031

Suggested Shoulder Diameters

Shaft

Max.

4

Min.

mm
in.

7.130
1.8555
7.130
1.8555
7.130
1.8555

52.130

63.

6

8

1
4.3358

2.0524
4.130
2.1311
9.130
2.3280
9.130
2.3280

130

2.4854
5.130
2.5642
0.130
2.7610
4.130
3.3122
10.130

4.3

Housing

Min.
mm
n.
82.130
453

Max.

mm
in.

46.870

1.8

46.870 82.130

1.8453
46.870 90.130
1.8453
51.870 69.130
2.0421
53.870 90.130

2.1209 3

58.870 82.130

23177 3
58.870

2.3

90.130
177 3
62.870

24

82.13
3
110.130
4

752
64.870

2.5539
69.870 110.130

2.7508 4

83.870 | 102.130
3.3020 4
109.870

5

138.13

256 4382

3.2335

0

12335

5484

L7217

5484

.2335

5484

2335

3358

3358

.0209

BALL SCREW SUPPORT SERIES

Shaft Dia.

Max. Min.

mm
in.
81.870

81.870!

89.87

68.870!

89.87

81.870!

89.87

81.

109.870

109.870

101.870

137.8
5.4280

39.994

44,994

49.994

.993

.993

1992

Ho

Max.

mm
in.

1.5746
39
1.5746

1.7714
44
1.7714

1.9683
49
1.9683

54.993

2.1651

2.1651

2.3619
93
2.9525
9

39.9

1.5746
39.9

44.9

49.9

54

59

74,

3.93¢

using Dia.

Min.

mm
in.

98 90.008 90.

1.5743 3.543

88 90.008 90.

1.5743 3.543

988 100.007 10

1.5743 3.937

88 75.007 75.

1.7712 2.953

988 100.008 10

1.7712 3.937
88 90.008

1.9680

90.
3.543
988  100.008

1.9680

10
3.937
54.986

2.1648

90.008
3.543

986  120.008  1-

2.1648 4.724

986  120.008  1-

2.3617 4.724

986 110.008 11

2.9522 4.331

0.984  150.009 1

54 5.9059 5.9
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

INCH SERIES

Designed for maximum axial rigidity, low drag torque, and
extreme control of lateral eccentricity.

Manufactured to ABEC 9/ISO P2 axial tolerances.

Nonseparable angular-contact type design (60°contact

angle).

Manufactured to ABEC 7/ISO P4 radial and envelope

tolerances.

Maximum complement of balls.
Supplied prelubricated with heavy-duty grease NLGI #2.

Packaged in DB arrangement [can be mounted in duplexed
pairs and in multiplexed sets in either back-to-back

(DB), face-to-face (DF) or tandem (DT) arrangements]

Bearing
Number

MM9306WI2H

MM9308WI2

T

MM9310WI2

I

MM9311WI3

I

MM9313WI5

I

MM9316WI3

I

MM9321WI3

I

MM9326WI6H

Bore
mm
n.
20
0.7874
23.8
0.9385

38.1
1.5000
445
1.7510
57.2
2.2500
76.2
3.0000
101.6
4.0000
127
5.0000

o, | widt| x lllagt.y WL | o
mm mm mm kg mm
in. in. in. Ibs in.
47 1588 12x[7.9 0.130
1.8504 0.6250 12 x 0.28
62 15.88 17x[79  0.250
2.4409 0.6250 17 x 0.56
72 15.88 18x8.7  0.280
2.8346 0.6250  18x 0.62
76.2 15.88  20x8.7  0{290
3.0000 0.4250 20 x 0.63
90 15.84 24 x[8.7  0.860
3.5433 0.4250 24 x 0.80
110 15.8$ 30x(8.7 0470
4.3307 0.4250 30 x 1.04
145 22.2# 37X9.5 1180
5.7087 0.4750 37 X 2.60
180 22.2:% 35x12.7 1{750
7.0866 0.4750 .FS X Y2 3.85

(Iwidth tolerance of preloaded bearing set +0.000/-0.254 mm (+0.0000/-0.0100 in.).

(2Single bearing.

(3ABMA STD 20 (ras max).

[2xC}

<—C—>|
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Suggested Shoulder Diameters
Shaft Housing Shaft Dia. Housing Dia.
Max. Min. Max. Min. Max. Min. Max. Min.
mm mm mm mm r_nm mm mm r_nm
n. n. n. n. n. n. n. n.

0.8 277.508 27.254 41.681 41.427 19.995 19.990 47.008 47,

0.031 1.0830 1.0730 1,6410 1.6310 0.7872 0.7870 1.850
0.8 33.553 33.299 55.347 55.093 23.8383 23,828 62.006 61

0.031 1.3210 1.3110 2/1790 2.1690 0.9383 0.9381 2.441
0.8 47.371 47.117 62.967 62.713 38.092 38,085 72.006 71

0.031 1.8650 1.8550 214790 2.4690 1.4997 1.4994 2.834
0.8 52.248 51.994 67.869 67.615 44.468 44.460 76.208 7€

0.031 2.0570 2.0470 216720 2.6620 1.7507 1.7504 3.000
0.8 65.456 65.202 81.178 80.924 57.142 571135 90.007 90

0.031 2.5770 2.5670 3/1960 3.1860 2.2497 2.2494 3.543
0.8 35.852 85.598 101.600 101.346 76.192 76.185 110.007 1

0.031 3.3800 3.3700 40000 3.9900 2.9997 2.9994 4.331
1.0 112.217 111.963 134.645 134.391 101.592 101.585  145.011

0.039 4.4180 4.4080 5.3010 5.2910 3.9997 3.9994 5.709:
1.0 143.993 143.739 167.919 167.665 126.992 126.985 180.010

0.039 5.6690 5.6590 6/6110 6.6010 4.9997 4.9994 7.087




SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

PERFORMANCE DATA
METRIC SERIES

DUH
Bearing : T". " Q‘.e . Speed Axial Spring Drag Torque Preload2)®)
Number Static L|m|t|r_lg Dynamlc. st Rating Constar® (Preloaded Set) (Heavy)
Thrust Capacit Load Ratin@®)
s, s, RPM 1B oein oS, s,
MM12BS32DUH 17260 9500 7300 425 0.28 1000
3880 2140 7300 2.4 2.48 200
20900 10400 6400 490 0.30 1200
MM158S35DUH 4700 2340 6400 2.8 2.65 300
48740 24900 4700 750 0.32 3110
MM17BS47DUH 10960 5600 4700 4.3 2.83 700
48740 24900 4700 750 0.32 3110
MM20BS47DUH 10960 5600 4700 4.3 2.83 700
e A - N O R Y- B
74130 29800 3300 1050 0.44 4450
MM25BS62DUH 16670 6700 3300 6.0 3.88 1000
74130 29800 3300 1050 0.44 4450
MM30BS62DUH 16670 6700 3300 6.0 3.88 1000
95470 36300 2900 1260 0.44 6230
MM30BS72DUH 21460 8160 2900 7.2 3.88 1400
95470 36300 2900 1260 0.44 6230
MM35BS72DUH 21460 8160 2900 7.2 3.88 1400
95470 36300 2900 1260 0.44 6230
MM40BS72DUH 21460 8160 2900 7.2 3.88 1400
107170 38500 2700 1380 0.56 6670
MM45BS75DUH 24090 8660 2700 7.9 4.96 1500
126090 41400 2200 1660 0.82 8010
MM40BS90DUH 28350 9310 2200 9.5 7.26 1800
126090 41400 2200 1660 0.82 8010
MM40BS90-20DUH 28350 9310 2200 9.5 7.26 1800
126090 41400 2200 1660 0.82 8010
MM40BS90-23DUH 28350 9310 2200 9.5 7.26 1800
126090 41400 2200 1660 0.82 8010
MMS0BS90DUH 28350 9310 2200 9.5 7.26 1800
126090 41400 2200 1660 0.82 8010
MMS5BS90DUH 28350 9310 2200 9.5 7.26 1800
202010 71200 2000 1750 1.02 12900
MM35BS100DUH 45410 16010 2000 10.0 9.03 2900
MMA40BS100DUH 202010 71200 2000 1750 1.02 12900
45410 16010 2000 10.0 9.03 2900
202010 71200 2000 1750 1.02 12900
MM45BS100DUH 45410 16010 2000 10.0 9.03 2900
202010 71200 2000 1750 1.02 12900
MMS50BS100DUH 45410 16010 2000 10.0 9.03 2900
154590 44500 1700 2080 1.00 9790
MM75B5110DUH 34750 10000 1700 11.9 8.85 2200
235420 75600 1700 2150 1.36 15570
MMS55B5120DUH 52920 17000 1700 12.3 12.04 3500
235420 75600 1700 2150 1.36 15570
MMBOBS120DUH 52920 17000 1700 12.3 12.04 3500
285470 80900 1300 3400 2.18 21350
MM100BS150DUH 64180 18200 1300 194 19.29 4800

(1Based on 1500 hoursplife and permissible speed.
(2Heavy preload is standard.
(3Data presented is for a single bearing in a DUH set.
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

PERFORMANCE DATA
METRIC SERIES

Bearing . TL. - Cﬁ? : Speed Axial Spring Drag Torque Preload®)
Number Static Limiting Dynamic Axial Rating Constan®) (Preloaded Set) (Heavy)
Thrust Capacit§) Load Ratin@®)
N N N/pum N-m N
Ibs. Ibs. RPM 16 Ibs./in lbs.-in. Ibs.
452 1541 1 . 2
MM12BS32QUH 34520 5400 5100 850 0.56 000
7760 3500 5100 4.9 4.96 400
41800 16850 4500 980 0.60 2400
MM15BS35QUH
9400 3800 4500 5.6 531 500
97480 40500 3700 1510 0.64 6230
MM17BS47QUH
21920 9100 3700 8.6 5.65 1400
97480 40500 3700 1510 0.64 6230
MM20BS47QUH
21920 9100 3700 8.6 5.65 1400
108040 42300 3700 1560 0.49 5400
MM25BS52QUH
24280 9500 3700 8.9 6.90 1200
148260 48500 2700 2100 0.88 8900
MM25BS62QUH
33340 10900 2700 12.0 7.78 2000
148260 48500 2700 2100 0.88 8900
MM30BS62QUH
33340 10900 2700 12.0 7.78 2000
1 4 7 21 252 . 124
MM30BS72QUH 90940 58700 00 520 0.88 50
42920 13200 2100 14.4 7.78 2800
190940 58700 2100 2520 0.88 12450
MM35BS72QUH
42920 13200 2100 14.4 7.78 2800
190940 58700 2100 2520 0.88 12450
MM40BS72QUH
42920 13200 2100 14.4 7.78 2800
214340 62700 1800 2770 1.12 13340
MM45BS75QUH
48180 14100 1800 15.8 9.92 3000
252180 67200 1700 3330 1.64 16010
MM40BS90QUH
56700 15100 1700 19.0 14.51 3600
252180 67200 1700 3330 1.64 16010
MM50BS90QUH
56700 15100 1700 19.0 14.51 3600
252180 67200 1700 3330 1.64 16010
MM55BS90QUH
56700 15100 1700 19.0 14.51 3600
404020 115600 1400 3500 2.04 25800
MM35BS100QUkH
90820 26000 1400 20.0 18.05 5800
404020 115600 1400 3500 2.04 25800
MM40BS100QUH
90820 26000 1400 20.0 18.05 5800
404020 115600 1400 3500 2.04 25800
MM45BS100QUH
90820 26000 1400 20.0 18.05 5800
404020 115600 1400 3500 2.04 25800
MM50BS100QUH
90820 26000 1400 20.0 18.05 5800
309180 72100 1200 4170 2.00 19570
MM75BS110QUH
69500 16200 1200 23.8 17.70 4400
470840 122800 1200 4310 2.72 31140
MM55BS120QUH
105840 27600 1200 24.6 24.08 7000
47084 122 12 431 2.72 114
MM60BS120QUH 0840 800 00 310 3 0
105840 27600 1200 24.6 24.08 7000
570940 131500 900 6790 4.36 42700
MM100BS150QUH
128360 29500 900 38.8 38.59 9600

(1Based on 1500 hourglife and permissible speed.
(2Heavy preload is standard.
(3Data presented is for two bearings in a QUH set mounted DB or DF.

198 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

PERFORMANCE DATA

g TI_ Cﬁe 0 g 2)(3)
o | iy sy S | Ao | o | e
Thrust Capacit§) RatingV®) 9 vy
N N N/pum N-m N
Ibs. Ibs. RPM 10 Ibs.fin lbs.-in. Ibs.
48740 24900 4400 750 0.32 3110
MM9306WI2HDUH
10960 5600 4400 4.3 2.83 700
74130 29800 3200 1050 0.44 4450
MM9308WI2HDUH
16670 6700 3200 6.0 3.89 1000
95470 36300 2500 1260 0.44 6230
MM9310WI2HDUH
21460 8150 2500 7.2 3.89 1400
107090 38500 2100 1380 0.56 6670
MM9311WI3HDUH
24070 8650 2100 7.9 4.96 1500
126090 41400 2000 1660 0.82 8010
MM9313WISHDUH
28350 9300 2000 95 7.26 1800
154460 44500 1400 2080 1.00 9790
MMO9316WI3HDUH
34720 10000 1400 11.9 8.85 2200
255160 57400 1000 3400 1.02 21350
MM9321WI3DUH
57360 12900 1000 19.4 9.01 4800
378120 94300 750 3630 1.26 26690
MM9326WISHDUH
85000 21200 750 20.7 11.10 6000
97480 40500 3700 1510 0.64 6230
MMO9306WI2HQUH
21920 9100 3700 8.6 5.66 1400
148260 48500 2700 2100 0.88 8900
MM9308WI2HQUH
33340 10900 2700 12.0 7.78 2000
190940 58700 2100 2520 0.88 12450
MMO310WI2HQUH
42920 13200 2100 14.4 7.78 2800
214180 62700 1800 2770 1.12 13340
MM9311WIZHQUH
48140 14100 1800 15.8 9.92 3000
252180 67200 1700 3330 1.64 16010
MM9313WISHQUH
56700 15100 1700 19.0 1452 3600
308920 72100 1200 4170 2.00 19570
MMO9316WIZHQUH
69440 16200 1200 23.8 17.70 4400
510320 93400 900 6800 2.04 42700
MM9321WI3QUH
114720 21000 900 38.8 18.02 9600
756240 153000 600 7250 2.51 53380
MM9326WISHQUH
170000 34400 600 41.4 22.22 12000

(IBased on 1500 hourgolife and permissible speed.
(2Heavy preload is standard.
(3Data presented is for two bearings in a QUH set mounted DB or DF.
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

BALL SCREW SUPPORT BEARING

CARTRIDGE UNITS
BSBU D — STANDARD AND HEAVY-DUTY
BEARINGS

Designed and developed to give the machine manufacturer ~ Units are supplied with the bearings in pairs mounted in the
a ready-made unit providing excellent stiffness and accuracy “DB” (“O”) arrangement.

in ball screw applications. Other bearing arrangements can be accommodated if

Units combine the features of MM-BS-DU (Duplex) ball screw required. Please consult your Timken representative with
support bearings with an accurately manufactured housing details of your requirements or for suggested shaft and
and laminar ring seals. housing ts.

Each unit is prepacked with a measured quantity of high For load and speed ratings, refer to bearing data on page 197.
quality bearing grease and requires no further lubrication.

STANDARD SERIES — DIMENSIONAL TOLERANCES +0.13 mm ( + 0.005 in.) UNLESS OTHERWISE STATED.

thIth é’g;ﬁ#g‘sbstr) c| d| d| & | & | D  D| D D | E F K L N P Wt
m m | mm | mm | mm | mm | mm | mm o mm | mm o mmmm | mm o mm |k
n. n. n. n. n. n. n. n. n. n. n. n. n. n. n. Ibs.
17 BSBU17D60| 47.0 | 17.000 43 66 360 60.000 |260 | 640 | 90.0 4426 425 320 130 760 32
16.996 50.987 43024
(MM17BS47DUH)  |1.85 |0.6693 017 026 142 23622 | 1.02 | 252 354 1742 167 | 126 | 051  2.99
0.6691 2.3617 1}702
20 BSBU20D60 47.0| 20000 43 66 360 60.000 |260 | 640 | 900 4426 425 320 130 1760 32
19.996 50.987 43024
(MM20BS47DUH)  |1.85 |0.7874 017 026 142 23622 | 1.02 | 252 354 1742 (167 | 126 | 051  2.99
0.7872 2.3617 1,702
25 BSBU25DS0 52.0 | 25000 43 92  50.0 80.000 400 | 880 | 1200 5026 595 320 150 1020 44
24.996 79.987 49,24
(MM25BS62DUH)  |2.05 | 0.9842 017 036 197 31496 | 157 | 346 472 1979 1234 | 126 | 059 402
0.9841 3.1491 1,938
30 BSBU30DSO 52.0 | 30000 43 92 500 80.000 400 | 880 | 1200 5026 595 320 150 1020 44
29.996 79.987 49124
(MM30BS62DUH)  |2.05 |1.1811 017 036 197 31496 | 157 | 346 472 1979 234 | 126 | 059  4.02
1.180 3.1491 1/938
35 BSBU35D90 52.0 | 35000 43 92  60.0 90.000 460 | 980 | 1300 5026 665 320 150 1130 49
34.995 89.985 49024
(MM35BS72DUH)  |2.05 | 1.378] 017 036 236 35433 | 181 | 386 512 1979 262 | 126 | 059  4.45
1.3778 3.5427 1/938
40 BSBU4OD90 52.0 | 40000 43 92  60.0 90.000 460 | 980 | 130.0 50.26 665 320 150 1130 49
39,995 89.985 49)24
(MM40BS72DUH)  |2.05 | 15748 017 036 236 35433 | 181| 386 512 1979 262 | 126 | 059  4.45
15746 3.5427 1,938
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES
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HEAVY-DUTY SERIES — DIMENSIONAL TOLERANCES £0.13 mm ( £ 0.005 in.) UNLESS OTHERWISE STATED.

Shaft Unit Number
Dia. | (Bearngsen| © d d | & | & D D | D D | E F K L N Pl wt
in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. Ibs.
35 BSBU35D124 66.0 | 35000 53  1L4 760 124000 | 66.0 | 1280 1650 6426 900 435 (170 (1460 64 €
34.995 123.982 63124
(MM35BS100DUH) | 260 | 13780 021 045 299 48819 260 504 650 25530 (354 | 171 | 067 575
1.377 4.8812 21490
40 BSBU4OD124 66.0 | 40.000 53 1L4 760 124000 | 66.0 | 1280 1650 6426 0.0 435 (17.0 1460 64 €
39.995 123.982 63,24
(MM4OBSI100DUH) | 260 | 15748 021 045 2099 48819 260 504 650 2530 (354 | 171 | 067 575
1574 4.8812 2la90
45 BSBU45D124 66.0 | 45000 53 114 760 124000 | 66.0 | 1280 1650 6426 90.0 435 (170 |1460 64 ¢
44.995 123.982 63,24
(MM45BS100DUH) | 260 | 17716 021 045 2099 48819 260 504 650 2530 (354 | 171 | 067 575
1.7714 4.8812 2l490
50 BSBUS0D124 66.0 | 50.000 53 114 760 124000 | 66.0 | 1280 1650 6426 90.0 435 (170 |1460 64
49.995 123.982 63,24
(MM50BS100DUH) | 2.60 | 19685 021 045 2099 48819 260 504 650 2530 (354 | 171 | 067 575
1.9683 4.8812 21490
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

BALL SCREW SUPPORT BEARING
CARTRIDGE UNITS

BSBU Q — STANDARD

AND HEAVY-DUTY BEARINGS

Similar in design and features to the series BSBU D
except MM-BS-QU Quadruplex bearings are used.

Units are supplied with the bearings in quad sets mounted
in the "DB" ("O") arrangement.

Consult your Timken representative for suggested shaft ts.
For load and speed ratings, refer to bearing data on page 198.

STANDARD SERIES — DIMENSIONAL TOLERANCES +0.13 mm ( + 0.005 in.) UNLESS OTHERWISE STATED.

Shaft Unit Number
Dia. | (BearingSet) °C d d d2 ds D D Dz D3 E F K L N P Wi.
mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm kg
in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. Ibs.
17 BSBU17Q60 77.0 17.oq0 4.3 66 360 ep.ooo 260 | 640 | 90.0| 7426 425 320 130 (760 320
16.99% 59.9?7 72074
(MM17BS47QUH)  [3.03 ‘ 0.6693 017 0.26 4.42 23622 | 1.02| 252 354 2024 (167 | 126 | 051 299
0.669¢ 2.3q17 2/864
20 BSBU20Q60 77.0 2o.oqo 4.3 66  36.0 epooo 260 | 64.0 | 90.0| 7426 42/5 320 130 [760 320
19.99# 59.9?7 72074
(MM20BS47QUH)  |3.03 ‘ 07874 017 0.26 4.42 23622 | 1.02| 252 354 2024 167 | 126 | 051 299
0.787$ 2.3q17 2l864
25 BSBU25Q80 82.0 25.oqo 4.3 92 500 sp.ooo 400 | 880 | 1200 80.26 595 320 150 [102.0 44.0
24.99? 79.9$7 7874
(MM25BS62QUH)  |3.23 ‘ 0.9842 017  0.36 4.97 3.1496 | 157 | 3.48 472 3160 [2.34 | 126 | 059  4.02
0.9841( 3.1491 3/100
30 BSBU30Q8G 82.0 3o.oqo 4.3 92 500 ap.ooo 400 | 880 | 1200 8026 595 320 150 [102.0 44.0
29.99? 79.9?7 78|74
(MM30BS62QUH)  |3.23 ‘ 11811 017  0.36 4.97 31496 | 157 | 3.46 472 3160 [2.34 | 126 | 059  4.02
1.180? 3.1491 3/100
35 BSBU35Q90 82.0 35.oq0 4. 92  60.0 9P.ooo 460 | 980 | 1300 8026 665 320 150 [113.0 49.0
34.99# 89.91?5 78|74
(MM35BS72QUH 3.23 ‘ 1.3780 017 0.36 4.36 35433 | 1.81| 38§ 512 3160 [2.62 | 126 | 059 445
1.377$ 3.5427 3,100
40 BSBU40Q9Q 82.0 4o.oqo 4. 92  60.0 9?.000 460 | 98.0 | 1300 8026 665 320 150 [113.0 49.0
39.995? 89.9?5 78/74
(MM40BS72QUH) | 3.23 ‘ 15748 017  0.36 4.36 35433 | 1.81| 386 512 3160 [262 | 126 | 059  4.45
1.574(# 3.5427 3,100
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

10 HOLES @'d2' EQUISPACED ON 'N' B.C. DIA.
4 HOLES @'dl" EQUISPACED; ON 'F* B.C. DIA.
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HEAVY-DUTY SERIES — DIMENSIONAL TOLERANCES #0.13 mm ( £ 0.005 in.) UNLESS OTHERWISE STATED.

Shaft Unit Number
Dia. | (Bearngsen| © d d | | &« | D | Db| 2| D3| E F K L N Pl wt
in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. Ibs.
35 BSBU35Q124 106.0| 35000 53 114 760 124000  66.0 | 1280 1650 10426 90.0 435 |17.0 | 1460 64.0
34.995 123.982 102.74
(MM35BS100QUH) | 4.7 | 1.3780 021 045 299 48819 260 504 650 4105 (354 | 171 | 067 5.5
1.377 4.8812 4,045
40 BSBU40Q124 106.0| 40.000 5.3 114 760 124000 | 660 | 1280 1650 10426 900 435 |17.0 | 1460 64.0
39.995 123.982 102.74
MM40BS100QUH) | 4.17 | 15748 0201 045 299 48819 | 260 504 650 4105 354 | 1.71 | 067 575
(
1574 4.8812 4,045
45 BSBU45Q124 106.0| 45000 53 114 760 124000 | 66.0 | 1280 1650 10426 900 435 |17.0 | 1460 64.0
44.995 123.982 102.74
MM45BS100QUH) | 4.17 | 1.7716 0201 045 299 48819 | 260 504 650 4105 354 | 1.71 | 067 575
(
1.7714 4.8812 4045
50 BSBUS0Q124 106.0| 50.000 53 114 760 124000 | 66.0 | 1280 1650 10426 900 435 |17.0 | 1460 64.0
49.995 123.982 102.74
MM50BS100QUH) | 4.17 | 1.9685 0201 045 299 48819 260 504 650 4105 |354 | 1.71 | 067 575
(
1.9683 4.8812 4.045
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

BALL SCREW SUPPORT BEARING

PILLOW BLOCK UNITS
BSPB D — STANDARD
AND HEAVY-DUTY BEARINGS

Designed for ball screw applications. Units with nished holes for dowels can be supplied by

Incorporates similar features to the series BSBU D but is special order if required.

designed to bolt down onto a at surface, parallel to the Consult your Timken representative for suggested shaft ts.
ball screw axis.

In the standard unit, pilot holes for dowels are provided. For load and speed ratings, refer to bearing data on page 197,

Units are supplied with the bearings in duplex sets
mounted in the "DB" ("O") arrangement.

STANDARD SERIES — DIMENSIONAL TOLERANCES #0.13 mm ( + 0.005 in.) UNLESS OTHERWISE STATED.

Shaft Unit Number L
Dia. (Bearing Set) C d d |  d2 d3|ds| D E F G H J K L N P R S T U Wt
mm mm | mm | mm|mm mm mm mm, mm | mm| mm ‘mm mm| mm| mm|{ mm | mm| mm| mm|mm| mm| kg
in. in. in. [ in. | in. | in. | in. in. in. in. |in. | in. | in. | in. in. |in.|in. | in. |in. | in. |lbs.
17 BSPB17D32| 47.000 17.000 4.3 [7.8 |9.0 |36.0| 26.0 | 44.26 42.# 47,000 | 17 | 62| 32.0| 1.0| 32.000 38.0 | 22.0/ 9.0 85 85!
46.950 16.996 4324 4#.987 31.987
(MM17BS47DUH) 1.850 | 0.6693 [0.17 | 0.31 0.35 1.42 1.02 1.1742 1.67/ 1.8504 |0.67 (2.44| 1.26 0.04 1.2598 150 0.87 O
1.848 0.6691 1.702 4.8493 1.2593
20 BSPB20D32| 47.000 20.000 4.3 [7.8 |9.0 |36.0| 26.0 | 44.26 42.%6 47.000 | 17 | 62| 32.0| 1.0 32.000 B38.0 |22.00 9.0 8.5 85.
46.950 19.996 43124 4#.987 31.987
(MM20BS47DUH) 1.850 | 0.7874 1|0.17 | 0.31 0.35 1.42 1.02 1.1742 1.67/ 1.8504 |0.67 (244 | 1.26 0.04 1.2598 150 0.87 O
1.848 0.7872 1.702 #849} 1.2593
25 BSPB25D42| 52.000 25.000 4.3 9.8 |11.0 |50.0 40.0 | 50.26 SQ.F 62.500| 20| 85| 42.0| 1.0/ 42.000 |42.0|25.0 10.0 10.0 11¢
51.950 24.996 49|24 6#.487 11.987
(MM25BS62DUH) 2.047 | 0.9842 |0.17 | 0.39 043 1.9V 1.5b7 l.é?g 2.34| 2.4606 |0.79 |3.35| 1.65 0.04 16535 1.65 098 O
2045 0.9841 1,038 2.4601 1.6530
30 BSPB30D42| 52.000 30.000 4.3 9.8 |11.0|50.0 40.0 | 50.26 SQ.F 62.500| 20| 85/ 42.0| 1.0/ 42.000 [42.0| 25.0 10.0 10.0 11°f
51.920 29.996 49|24 6#.487 11.987
(MM30BS62DUH) 2.047 | 1.1811 0.17| 0.39 043 1.9V 1567 1.#79 2.34| 2.4606 |0.79 |3.35| 1.65 0.04 16535 1.65 098 O
2045 1.1809 1,038 2.4601 1.6530
35 BSPB35D50| 52.000 35.000 4.3 13.0 |13.0| 60.0 46.0| 50.26 GGlS 68.000 20.5 95 50 | 1.0/ 50.000 (42.0| 25.0 10.0 10.0 12
51.950 34.995 49|24 6#.987 19.987
(MM35BS72DUH) 2.047 | 1.3780 |0.17 | 0.51 0.51 236 1.81 l.#79 2.62| 2.6772 |0.81 |3.74| 1.97 0.04 19685 1.65 098 O
2045 13778 1,038 26767 1.9680
40 BSPB40D50| 52.000 40.000 4.3 13.0 |13.0| 60.0 46.0| 50.26 66l5 68.0000 20.5 95 50.0 1.0 50000 |42.0 25.0 10.0 10.0 12
51.950 39.995 49|24 6#.987 19,987
(MM40BS72DUH) 2.047 | 1.5748 |0.17 | 0.51 0.51 2.36 1.81 1.#79 2.62| 2.6772 |0.81 |3.74| 1.97 0.04 19685 1.65 098 O
2.045 1.5746 1.938 2.67%7 1.9680
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES
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HEAVY-DUTY SERIES — DIMENSIONAL TOLERANCES *0.13 mm ( # 0.005 in.) UNLESS OTHERWISE STATED.

Shaft é’g;h‘:&"st’g{) C| d|d|/& &/ D E F G H J K L N P R 5 T U W
mm mm | mm | mm| mm| mm mm mm| mm  mm_ mm | mm mm mm mm mm | mm mm mm mm mm kg
in. in. | in.|in.|in.|in.|in.| in. |in.| in. |in. | in. | in. | in.| in. |in. | in. | in. | in. | in. | Ibs.
35 BSPB35D65| 66.000 35.000 5.3 11.8 (18.0| 76.0 66.0| 64.26 90.0 95.000| 30.0 130.0 65. 1.0 65.000f 53.0 320 13.0 15.0 17
65.950 34.995 63[24 94.987 64.987
(MM35BS100DUH) 2598 | 1.3y80 |0.21| 0.46 0.y1 299 260 2530 |3.54 3.7402 | 1.18 |5.12| 2.56 0.04 2.559 209 126 O
2596, 1.37[78 2490 3.7396 2.5585
40 BSPB40D65| 66.000 40.000 5.3 11.8 |18.0| 76.0 66.0| 64.26 90,0 95.000| 30.0 130.0 65.0 1.0 65.000/ 53.0 32/0 13.0 15.0 17
65.950 39.995 63[24 94.987 64.987
(MM40BS100DUH) 2598 | 1.5748 |0.21| 0.46 0.y1 299 260 2530 |3.54 3.7402 | 1.18 |5.12| 2.56 0.04 2.559 209 126 O
2596/ 1.5746 2,490 3.7396 2.5585
45 BSPB45D65| 66.000 45.000 5.3 11.8 |18.0| 76.0 66.0| 64.26 900 95.000| 30.0 130.0 65.0 1.0 65.000/ 53.0 32/0 13.0 15.0 17
65.950 44.995 63[24 94.987 64.987
(MM45BS100DUH) 2598 | 1.7716 |0.21| 0.46 0.y1 299 260 2530 |3.54 3.7402 | 1.18 |5.12| 2.56 0.04 2.559 209 126 O
2596, 1.7714 2,490 3.7396 2.5585
50 BSPB50D65| 66.000 50.000 5.3 11.8 |18.0| 76.0 66.0| 64.26 90.0 95.000| 30.0 130.0 65.0 1.0 65.000/ 53.0 32/0 13.0 15.0 17
65.950 49.995 63[24 94.987 64.987
(MM50BS100DUH) 2598 | 1.9685 |0.21| 0.46 0.y1 299 2,60 25530 | 3.54 3.7402 | 1.18 |5.12| 2.56 0.04 25590 2.09 126 O
2.596/ 1.9683 2490 . 7396 2.5585
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

BALL SCREW SUPPORT BEARING

PILLOW BLOCK UNITS
BSPB Q — STANDARD
AND HEAVY-DUTY BEARINGS

Similar in design and features to the Series BSPB D,
except MM-BS-QU Quadruplex bearings are used.

Units are supplied with the bearings in quad sets mounted in
the "DB" ("O") arrangement.

Consult your Timken representative for suggested shaft ts.

For load and speed ratings, refer to bearing data on page 198.

STANDARD SERIES — DIMENSIONAL TOLERANCES +0.13 mm ( = 0.005 in.) UNLESS OTHERWISE STATED.

Shaft é‘g;yﬁ?ggg C | d | d/ d d d& D E| F G H J K L N P R 5 T U W
mm mm | mm | mm| mm|mm mm mn|mm | mn - mm | mm mm mmmm|mm | kg mm mmmmnmn kg
in. in. in. | in. | in. | in. | in. in. in. in. in. | in. | in. | in. in. |Ibs. in. | in. | in. | in. |Ibs.
17 BSPB17Q32 77.00 17.040 43 7.8 |9.0 |36.0/ 26.0 |74.26 42.5 47,000 | 17 | 62| 32.0 |1.0 | 32.000 8.0 |22.0f 9.0 85 85.
76.95 16.946 72.14 46987 31.987
(MM17BS47QUH) 3.031 ‘0.6693 0.17| 0.31 0.85 142 1.02 2924 |1.67| 1.8504 | 0.67 2.44| 1.26 0.04 1.2598 2.68 0.87 (
3.03 O.66$1 2.864 1.8499 1.2593
20 BSPB20Q32 77.00 20.040 43 7.8 |9.0 |36.0| 26.0 |74.26 42,5 47,000 | 17 | 62| 32.0 |1.0 | 32.000 p8.0 |22.0/ 9.0 85 85.
76.95 19.946 72.74 46987 31.987
(MM20BS47QUH) 3.031 ‘0.7&74 0.17| 0.31 085 142 1.02 2924 |1.67| 1.8504 | 0.67 2.44| 1.26 0.04 1.2598 2.68 0.87 (
3.03 0.78'*2 2.864 1.8499 1.2593
25 BSPB25Q42 82.00 25.040 43 9.8 11.0/50.00 40.0 |80.26 59.5 62500 | 20| 85| 42.0| 1.0 | 42.000 |72.0| 25.0 10.0 10.0 11°%
81.95 24.946 78.14 62.487 41.987
(MM25BS62QUH) 3.228 ‘0.9842 0.17| 0.39 043 197 157 3.160 |2.34| 24606 | 0.79 3.35| 1.65 0.04 1.6535 2.68 0.98 (
3.226 0.98%11 3.100 2.4601 1.6530
30 BSPB30Q42 82.00 30.0#0 43 9.8 11.0/50.00 40.0 |80.26 59.5 62500 | 20| 85| 42.0| 1.0 42.000 |72.0| 25.0 10.0 10.0 11°%
81.95 29.946 78.14 62.487 41.987
(MM30BS62QUH) 3.228 ‘1.1811 0.17| 0.39 0.43 1.97 157 3.160 |2.34/ 2.4606 | 0.79 |3.35| 1.65 0.04 1.6535 2.68 0.98 (
3.226 1.18b9 3.100 2.4601 1.6530
35 BSPB35Q50 82.00 35.040 43 13.0 [13.0|60.0 46.0 | 80.26 66.5 68.000 20.5 95 50 | 1.0/ 50.000 |72.0/ 25.0 10.0 10.0 12¢
81.95 34.945 78.r4 67.987 49.987
(MM35BS72QUH) 3.228 ‘1.3'80 0.17| 051 051 236 181 3.160 |2.62 2.6772| 081 |[3.74| 1.97 0.04 1.9685 2.68 0.98 (
3.226 1.37?8 3.100 2.6767 1.9680
40 BSPB40Q50 82.00 40.040 43 13.0 [13.0|60.0 46.0 | 80.26 66.5 68.000| 20.5 95 50.0| 1.0, 50/000 |72.00 25.0 10.0 10.0 12
81.95 39.945 78.74 67,987 49.987
(MM40BS72QUH) 3.228 ‘1.5'48 0.17) 051 051 236 181 4105 262 26772 | 081 3.74) 1.97 0.04 19685 2.68 0.98 (
3.226 1.57%16 4.045 2.6767 1.9680
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

<—G_>I<—G—>
MoofA-=- | [ -~
| D=
! ,//|10.0004 A
N /]0.0004A[B]
J . J: }) ENTER HEIGHT
* \* 1))/ TR
A= =N 3 |
FOQT HEIG o
. ieeed] | A Lt
i 4 HOLES @'dt8’ 1X45
I és GD i &b 0.000
Pt [ ' L@ 2 HOLES gt
i \
I —>|T<—
U

HEAVY-DUTY SERIES — DIMENSIONAL TOLERANCES *0.13 mm ( # 0.005 in.) UNLESS OTHERWISE STATED.

Shaft éﬂ;y#gmgee{) C | d|d|/d|d & D/ E F G H J K L N P R S5 T U w
mm mm | mm | mm| mm| mm mmmn| mm | mn - mm | mm mm mm mm|mm | kg mm mmmmmn kg
in. in. in. | in. | in. | in. | in. in. in. in. in. | in. | in. | in. in. |Ibs. in. | in. | in. | in. |Ibs.
35 BSPB35D65| 106.00 35.000 5.3 11.8 (18.0| 76.0 66.0 | 104.26 90.‘0 95.000, 30.0 130.0 65. 1.0 65.000f 93.0 32.0 13.0 150 1
105.95 34.995 102.74 94.987 64.98]7
(MM35BS100QUH) 4173 | 1.3y80 |0.21| 0.46 071 2.99 2.60 3.#60 3.54 3.7402| 1.18 |5.12| 2.56 0.04 25590 3.66 1.26 |
4171 1.3778 3.100 #.739(‘ 2.5585
40 BSPB40Q65 106.00 40.000 5.3 11.8 |(18.0| 76.0 66.0 | 104,26 90.‘0 95.000, 30.0 130.0 65.0 1.0 65.000f 93.0 32.0 13.0 150 1
105.95 39.995 102.74 94.987 64.98]7
(MM40BS100QUH) 4173 | 1.5748 |0.21| 046 071 2.99 2,60 4.'&05 3.54 3.7402| 1.18 |5.12| 2.56 0.04 25590 3.66 1.26 |
4.171| 1.5746 4.045 #.739(‘ 2.5585
45 BSPB45Q65 106.00 45.000 5.3 11.8 (18.0| 76.0 66.0 | 104.26 90.‘0 95.000, 30.0 130.0 65. 1.0 65.0000 93.0 32.0 13.0 150 1
105.95 44.995 102.74 94.987 64.98]7
(MM45BS100QUH) 4173 | 1.7y16 |0.21| 046 071 2.99 2,60 4.#05 3.54 3.7402| 1.18 |5.12| 2,56 0.04 25590 3.66 1.26 |
4171 1.7714 4.045 #.739(‘ 2.5585
50 BSPB50Q65 106.00 50.000 5.3 11.8 (18.0| 76.0 66.0 | 104.26 90.‘0 95.000, 30.0 130.0 65. 1.0 65.0000 93.0 32.0 13.0 150 1
105.95 49.995 102.74 94.987 64.987
(MM50BS100QUH) 4173 | 1.9685 |0.21| 0.46 071 2.99 2,60 4.#05 3.54 3.7402| 1.18 |5.12| 2,56 0.04 25590 3.66 1.26 |
4.171| 1.9683 4.045 #.7396 2.5585
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

BALL SCREW SUPPORT BEARINGS

SEALED, DOUBLE-ROW FLANGED STYLE
MMF SERIES
Speci cally designed for ball screw applications.

Integral double-row design supports axial and
combined loads.

Nominal contact angle 60 degrees for superior axial rigidity
and accuracy.

Low torque, integral contact seals.
Easy and exible installation without external clamping.

Sealed duplex con guration standard with optional seals,
shields, ceramic balls and quadruplex sets available.

_ d D c Capacity Radius
Bearing Number Bore oD. Width Wit. c Con Sz " ;
Dynamic| Static Rating Outer Inner
METRIC mm +0/ -(um) mm +0/ -(Um) mm +0/ {(um) kg N ‘ N mm mm mm
MMF512BS55PP DM (;28) (5756) (22554) 0.40 1530¢ 26970 4700 0.6
MMF515BS60PP DM (;.?8) (67(.)6) (225;4) 0.47 1610¢ 30350 4290 0.6
MMF517BS62PP DM (;.z) (67%6) (225;4) 0.49 1680¢ 33570 4000 0.6
MMF520BS68PP DM (2.01) (675.36) (22854) 0.64 2180¢ 46360 3400 0.6
MMF525BS75PP DM (gi) (77?6) (22854) 0.76 2320¢ 54980 2900 0.6
MMF530BS80PP DM (2.01) (E;(.)‘S) (22854) 0.84 24500 63370 2600 0.6
MMFE540BS100PP DM(g(L) :(I.70(é) (3;4:54) 1.50 36300 98980 2070 0.6
MMF550BS115PP DM(SCL) 2-7:1.2) (3;4:54) 1.37 40500 131950 1670 0.6
MMF550BS140PP DM(S_CL) (1;'%) (524:54) 4.89 95400 249080 1460 0.6
MME560BS145PF DM(?%) (1;2) (;24) 4.28 71200 213110 1400 0.6
INCH in. +0/-(x in. +0/-(x) in. +0/4(x) Ibs; Ibs. Ibs. in. in.

MMFE512BS55PP D“ﬂgégg& %Olggéls) (209?1130) 0.88 3450 6060 4700 0.024
sssepp SIS, B oSS do o om0 | amo | oo
MMFE517BS62PP D'\flggggf5 %(')‘_138(;)3) (2(??130) 1.08 3775 7550 4000 0.024
MMFE520BS68PP DN{%Z)?)Z);) (2()%7()7(;3) :(I.Olgfgo) 1.42 4900 10420 3400 0.024
MMFE525BS75PP DN{%%?)?;) (20%%2(;53) :(I.Olgfgo) 1.68 5200 12360 2900 0.024
MMFE530BS80PP DNtJ(.)J(.)?)J(.)]z-) (3;]646%3) :(I.Olgfgo) 1.86 5500 14250 2600 0.024
MMF540BS100PP D 33335 (%%%7(; 5 l(.g%81600) 3/41 8150 22250 2070 0.024
MMF550BS115PP D 8&?255 4(10555(: ) 1(55230) 4.37 9100 29660 1670 0.024
MMF550BS140PP D 8&?255 (50'%]61335) 2(.01..2?00) 10.78 21500 56000 1460 0.024
MMFE560BS145PP D ?6((5)32) (2(7)8(8);5) 10721(7)0) 9.43 16000 47910 1400 0.024

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.6

0.6

Min. Max.

mm

33.1

37.0

37.8

43.2

49.5

54.3

68.7

82.6

99.6

100.0

in.

0.012

0.012

0.012

0.012

0.012

0.012

0.012

0.012

0.024

0.024

(Grease tting spacing (S) is conditional to the quantity of bolt holes: 3 holes, S =60 ; 4 holes, S =45 6 holes, S=30; 8 holes, S =22.5; 12 holes, S = 15.

208 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG

25.0

27.6

28.4

34.5

40.6

45.6

57.5

715

81.1

89.0

1.304

1.456

1.49

1.700

1.943

2.138

2.704

3.25

3.919

3.938

0.9

1.0



SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

tting ¢ .
| ~ !

| —

L ——1-
|
—| |=Db
MMF Series Flanged
Si%%?degrtegia. d b J t Stiffness
Bearing Number Bolt Holes Groove | Bolt Circlel Hole .
Housing |  Shaft Dia. Width | Diameter| Spacing | Axial Radial J;?:;n Preload
METRIC mm mm mm Qty. mm mm Degrees N/Um N/um 2kgem N
MME512BS55PP DM 32.0 19.0 6.5 3 3 42 120 380 60 0.062 645
MME515BS60PP DM 34.5 215 6.5 3 3 46 120 400 65 0.076 670
MMF517BS62PP DM 302 235 65 3 3 48 120 450 72 0.097 780
MME520BS68PP DM 425 27.5 6.5 4 3 53 90 650 103 0.212 1780
MME525BS75PP DM 48.0 33.5 6.5 4 3 58 90 750 118 0.415 2000
MME530BS80PP DM 53.5 38.5 6.5 6 3 63 60 860 135 0.6 2335
MMFE540BS100PP DM67.0 49.0 8.5 4 3 80 90 1000 160 1.728 2780
MME550BS115PP DMSl.O 63.0 8.5 6 3 94 60 1250 200 4.288 3335
MME550BS140PP DM98.5 66.0 10.5 12 3 113 30 1400 220 20.94 6784
MMF560BS145PF DM98.0 72.0 8.5 8 3 120 45 1300 210 10.184 4225
INCH in. in. in. Qty. in. in. Degrees 6 lt/n. 16 Ib/in. Ibiré Ibs.

MME512BS55PP DM 1.26 0.748 0.256 3 0.118 1.654 120 2.17132 0.34284 0.021186466 1
MME515BS60PP DM 1.358 0.846 0.256 3 0.118 1.811 120 2.2856 0.37141 0.025970506 1
MME517BS62PP DM 1.437 0.925 0.256 3 0.118 1.89 120 2.5713 0.411408 0.033146567 1
MME520BS68PP DM 1.673 1.083 0.256 4 0.118 2.087 90 3.7141 0.588542 0.072444044 4
MME525BS75PP DM 1.890 1.319 0.256 4 0.118 2.283 90 4.2855 0.674252 0.141812634 4
MME530BS80PP DM 2.106 1.516 0.256 6 0.118 2.48 60 491404 0.77139 0.205030314 5
MME540BS100PP DMZ.638 1.929 0.335 4 0.118 3.15 90 5.714 0.91424 0.590487304 62
MME5S50BS115PF DM3.189 2.408 0.336 6 0.118 3.701 60 7.1425 1.1428 1.465283311 e
MME5S50BS140PF DM3.878 2.598 0.413 12 0.118 4.449 30 7.9996 1.25708 7.155557959 1
MMF560BS145PF DM?>.858 2.835 0.335 8 0.118 4.724 45 7.4282 1.19994 3.480047863 9
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

BALL SCREW SUPPORT BEARINGS
SEALED, DOUBLE-ROW CARTRIDGE

MMN SERIES
Speci cally designed for ball screw applications. Low torque, integral contact seals.
Integral double-row design supports axial and Easy and exible installation for both xed and rotating
combined loads. nut designs.
Nominal contact angle 60 degrees for superior axial rigidity ~ Sealed duplex con guration standard with optional seals,
and accuracy. shields, ceramic balls and quadruplex sets available.
: ; Suggested :
Capaci Radius - Stiffness

Bearing d D i . el Shoulder Dia
Number Bore | O.D. | Width . C Coa | Speed| 1 r di Dy . . . | Inertia

Dynamic Static | Rating| Outer| Inner | Min. | Max. Housing Shaft | Axial Radla"Moment Preload

mm +0/ mm +0/ mm +0 L

METRIC -(um) | -(um) | -(um) kg N N RPM mm mm mm mm mm mm N/um  Njum  Kgem N

12 42 25| 020 15300 26970 4700 | 06 | 03 | 250 331 320 190 380 60  0.062
MMN512BS42PP DM
(38)| (6.4) (254)

15 45 25| 023 16100 30350 4290 | 06 | 03 | 276| 370/ 345 215 400 65  0.076
MMN515BS45PP DM
(38)| (6.4) (254)
a7 25| 024 16800 33570 4000 | 06 | 03 | 284 | 378 365 235 450 72  0.097

17
MMN517BS47PP DM
(38)| (6.4) (254

20 52 28| 0.32 21800 46360 3400 | 0.6 03 | 345| 432 425 275 650 103  0.212
MMN520BS52PP DM
(5.1)| (7.6) (259
25 57 28| 0.35 23200 54980 2900 | 0.6 03 | 406| 493 48D 335 750 118  0.415
MMN525BS57PP DM
(5.1)| (7.6) (259
30 62 28| 040 24500 63370 2600 | 0.6 03 | 456 | 543 535 385 860 135 0.6
MMN530BS62PP DM
(5.1)| (7.6) (259

=
o
o

40 75 34| 0.64 36300 98980 2070 0.6 0.3 57.5 68.7 67.0 49.0 1000 1.728
MMN540BS75PPDM

(6.4)| (7.6) (254)

iy

50 90 34| 091 40500 131950 (1670 | 0.6 03 | 715| 826 810 630 1250 200  4.288

MMNS550BS90PP DM

(6.4)| (7.6) (259
50 | 110| 54| 242 954D0 249080 1460 | 0.6 06 | 811 996 985

MMNS550BS110PP DM

(64)| (89 (259

(o2}
o
o
iy

400 220 20.94

MMN560BS110PP DM
(76)| (89 (254)
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60 110 45| 1.82 71200 213110 |1400 0.6 0.6 84.0 100.0 98.0 72.0 1300 210 10.184
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SUPER PRECISION BALL BEARINGS
BALL SCREW SUPPORT SERIES

le—— C——]

D | l
y P/
\ 1
|
MMN Series
; ; Suggested -
Capaci Radius . Stiffness
Bearing d D C Wi pacity Shoulder Dia.
Number | Bore O'D"W'dth ¢ Coa | Speed ri r di | Di Housin#; Shaft| Axial| Radial, e 'prejoad

Dynamic Static | Rating| Outer| Inner | Min. | Max. Moment

INCH in. +0/-(x) Ibs. Ibs. RPM in. in. in. in. in. 81®. 161b/in) Ibir? Ibs.

04724 16535 08843 044 | 3450 | 6060 4700 0024 0.012 | 1304 0.085 1250 (UMWELIEBAFE3E 0.34284
MMN512BS42PP DM
(0.00015) (0.00025) (0.0100)

0.590 1.7%17 0.0843| 0.5 | 3600 6820 4290 0.024 0012 |1.456| 1.088 1358 OBOBS97REEEE0 0.37141
MMN515BS45PP DM
(o.ooois) (0.0#)025) (0.0100

=

0.669 1.8#04 0.0843| 0.54 | 3775 7550, 4000 0024 0.012 | 1.49 | 1.117 1437 0®AS314BZFA35 0.411408
MMN517BS47PP DM
(o.ooois) (o.obozs) 0.0100)

o 07874 20472 1024 070 |4900 | 10420 3400 0024 0.012 | 1700 1357 1673 MOFR444DIIAD 0588542
MMN520BS52PP DM
2) (0.0003) (0.0100)

(0.000
0.984 2.2441 1.1024| 0.78 |5200 | 1236 2900 0024 [0.012 | 1.943] 1599 1.890 [NAYIS1263ISHD 0.674252
MMN525BS57PP DM

(0.0002) (0.0003) (0.0100)

11811 24409 11024) 0.88 | 5500 | 14250 2600 0,024 (0012 | 2138 1795 2106 DF503GHEE 0.77139
MMN530BS62PP DM

(0.0002) (0.0003) (0.0100) |

15748 29528 18386 142 | 8150 | 22250 2070 0024 0.012 | 2704 2264 2638 DEBWAETS0EE5 091424
MMN540BS75PPDM

(0.00025) (o.obos) .0100) ‘

1
(
19685 35433 18386 202 | 9100 | 20660 1670 0024 0.012 | 3250 2.815 3189 AAWS26WIEED 1.1428
MMN550BS90PP DM
(0.00025) (0.0003) (0.0100) |

2

1.968$ 4.3407 126 | 5.34 |21500 5600 1460 0.024 0.024 3.919 3.19 878 25%557*359!925 1.25708
MMN550BS110PP DM

(0.00025) (0.00035) (0.0100) |

2.362# 4.3#07 17717| 402 |16000 | 47910 1400 Q.024 |0.024 | 3.938 3.308  3/858 z.asaodpaa 1.19994
P DM
(o.ooo#) (0.0#035) (0.0100) \

N
w

MMN560BS11Q

)
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SUPER PRECISION BALL BEARINGS
EX-CELL-O SPINDLE BEARINGS

EX-CELL-O SPINDLE BEARINGS
MM-EX

“EX” Series (Timken WI construction) designed to meet Ex-
Cell-O replacement requirements for inch nominal spindles
with bore and O.D. tolerances nominal to plus.

Shafts and housings should be checked (and reworked) to
avoid improper shaft and housing ts.

Preload selection should be based on operating speed and
“XWO” Series (Timken WO separable construction) designed lubrication system of spindle.
to meet Ex-Cell-O replacement requirements for inch nominal

spindles with bore and O.D. tolerances nominal to minus.

Measurement of shafts and housings (or reconditioning of
parts) should determine replacement bearing style.

Bearing ‘ Ex-Cell-O Bore ob. Width = Pair Speed Rating
Number ‘ Part No. iz ] ] : Grease
Min. Max. Min. Max. Min.
‘ Ibs. in. in. in. in in RPM

MM20EXCR DU %SZZB 20 0 0.3752 0.3750 1.1252 1.1250 0.687 0.6775
MM30EXCR DU %8223 30 0 0.6252 0.6250 1.5002 1.5000 1.000 0.9900
MM30EXCR DU % 30 5 .6252 0.6250 1.5002 1.5000 1.0000 0.9900
MM50EXCR DU %8223 50 0 0.8127 0.8125 2.0002 2.0000 1.000 0.9900
MM50EXCR®U J(O 50 10 0.8125 02 2/0000 1.0000 0.9900
MM50EXCR DU %0 50 50 0.8127 0.8125 2.0002 2.0000 1.000¢ 0.9900
MM55EXCR DU J(O 55 10 0.8127 0.8125 2.0002 2.0000 1.000¢ 0.9900
MM57EXCR DU %8223 57 0 1.0627 1.0625 2.2502 2.2500 1.000 0.9900
MM57EXCR DU J(O 57 10 1.0627 1.0625 2.2502 2.2500 1.000¢ 0.9900
MM57EXCR DU %0 57 50 1.0627 1.0625 2.2502 2.2500 1.000¢ 0.9900
MM67EXCR DU %8223 67 0 1.2502 1.2500 2.4377 2.4375 1.250 1.2400
MM67EXCR DU J(O 67 10 1.2502 1.2500 2.4377 2.4375 1.250( 1.2400
MM67EXCR DU }TO 67 30 1.2502 1.2500 2.4377 2.4375 1.250( 1.2400
MM67EXCR DU %5 67 75 1.2502 1.2500 2.4377 2.4375 1.250( 1.2400
MMOOEXCR DU %0 0 20 1.6252 1.6250 3.4377 3.4375 1.625( 1.6150
MMOOEXCR DU J(OO 90 100 1.6252 1.6250 3.4377 3.4375 1.625 1.6150
MMOOEXCR DU #50 90 150 1.6252 1.6250 3.4377 3.4375 1.625 1.6150

(LFour slots in outer ring faces.

(2No keyway in bore.

Do not interchange with MM-XWO.
MM-EX produced to nominal plus tolerance.
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SUPER PRECISION BALL BEARINGS
EX-CELL-O SPINDLE BEARINGS

Bearing Ex-Cell-O sore oD Width = Pair Speed Rating
Number Part No. iz : ; g Grease
Max. Min. Max. Min. Max. Min.
Ibs. in. in. in. in. in. in. RPM

MM90EXCR DU 250 90 250 1.6252 1.6250 3.4377 3.4375 1.6250 1.6150 !
MM92EXCR®U 20 92 20 1.7502 1.7500 3.4377 3/4375 1.6250 1.6150 12000
MM92EXCR (83U 100 92 100 1.7502 1.7500 3.4377 3.4375 1.6250 1.6150 4500
MM92EXCR (83U 150 92 150 1.7502 1.7500 3.4377 3.4375 1.6250 1.6150 2700
MM92EXCR (83U 250 92 250 1.7502 1.7500 3.4377 3.4375 1.6250 1.6150 900
MM115EXCR DU|30 115 30 2.2502 2.2500 4.7502 4.7500 2.2500 2.2400 £
MM115EXCR DU|250 115 250 2.2502 2.2500 4.7502 4.7500 2.2500 2.2400
MM115EXCR DU|350 115 350 2.2502 2.2500 4.7502 4.7500 2.2500 2.2400
MM135EXCR DU|20 135 20 1.2502 1.2500 2.6877 2.6875 1.2500 1.2400 €
MM135EXCR DU| 75 135 75 1.2502 1.2500 2.6877 2.6875 1.2500 1.2400 4
MM155EXCR DU|150 155 150 2.7502 2.7500 4.7502 4.7500 2.2500 2.2400
MM155EXCR DU|300 155 300 2.7502 2.7500 4.7502 4.7500 2.2500 2.2400
MM165EXCR DU|200 165 200 3.5002 3.5000 6.3127 6.3125 3.0000 2.9900
MM165EXCR DU|400 165 400 3.5002 3.5000 6.3127 6.3125 3.0000 2.9900
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SUPER PRECISION BALL BEARINGS

BALL BEARING BORE DIAMETERS FOUND IN THIS CATALOG

BALL BEARING BORE DIAMETERS FOUND IN THIS CATALOG

Series

2(3)MV9300W!

2(3MM9300VI

2(3MMVO3061X
2(3)MV9100W!

2(3MM9100VI

2(3MMVO10BIX

2(3MMVO910WN \

MM910& \ |
2(3)MV220WI \

2(3MM20QV |

MM200K \ \
2(3MM30WI \ |
MM30K \ |

BSSBMetric \ \

BSSBInch \
BSEU D [ ]
BSEU Q [ ]
BSPBD [ ]
BSPBQ L ]

BSSBMMF \ |

BSSBMMN \ |

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 200 210

Bore Diameter (mm)

Series

2(3MM9300VI

2(3MM9100VI

\
2(3MMVO306IX \
\
\

2(3MMVOL081X
2(3MMVO9LOWN \ |

MM9106& [ \
2(3MM200VI \ |
MM200K [ \
2(3MM30WI \ \
MM300K \ \

BSSBMetric \ \

BSSBInch ‘

BSBU D [ ]
BSRU Q [ ]
BSPBD [ ]
BSPBQ L ]

BSSBMMF \ \

BSSBMMN \ \

0 .5 1 15 2 2.5 3 35 4 4.5 5 55 6 6.5 7 7.5 8

Bore Diameter (mm)
Fig. 136. Bore diameters.
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APPENDIX
FREQUENCY COEFFICIENTS

FREQUENCY COEFFICIENTS
TAPERED ROLLER BEARINGS

Predictive maintenance of applications requires knowledge ofapered roller bearing example:

the frequencies that a bearing can emit, which are based on its (FTF of JP6049-JP6010-B)

speci ¢ design. The tables that follow provide the most commonly 1200 RPM x 1min/60 sec x 0.436 = 8.72 Hz
used coef cients for this purpose. The frequencies are expresseg )| bearing example:

as "Orders." To obtain bearing defect frequencies in Hz, multiply (FTF of 2MM9300W!1)

bearing coef cient by rotating speed in revolutions per second. 1200 RPM x 1 min/60 sec X 0.4054 = 8.108 Hz

TS METRIC STYLE

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®@PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 72.
TS METRIC FREQUENCY COEFFICIENTS
Part Number FTF-Inn&r BSF BPFO BPFI FTF-O@ter
JP6049-JP6010 0.436 3.676 8.275 10.725 0.564
JLM710949C-JLM710910 0.441 4,070 9.271 11.729 0.559
JP7049-JP7010 0.443 4.160 9.299 11.701 0.557
JP8049-JP8010 0.444 4.255 9.323 11.677 0.556
JIM716649-IJM716610 0.452 5.019 11.761 14.239 0.548
JP9049-JP9010 0.449 4.669 10.331 12.669 0.551
JP10044-JP10010 0.453 5.093 11.331 13.669 0.547
IM719149-JM719113 0.448 4.580 10.748 13.252 0.552
JP10049-JP10010 0.453 5.093 11.331 13.669 0.547
JM822049-JM822010 0.454 5.169 12.260 14.740 0.546
JLM722948-ILM72291P 0.459 5.761 13.297 15.703 0.541
JL724348-JL724314 0.462 6.367 15.260 17.740 0.538
JL725346-JL725316 0.464 6.606 16.236 18.764 0.536
JP13049-JP13010 0.455 5.252 11.820 14.180 0.545
JP14049-JP14010 0.458 5.587 12.811 15.189 0.542
JL730646-JL730612 0.467 7.219 17.273 19.727 0.533
JP16049-JP16010 0.459 5.791 13.308 15.692 0.541
JP17049-JP17010 0.461 6.132 14.292 16.708 0.539
JP18049-JP18010 0.463 6.437 14.816 17.184 0.537
IM736149-JM736110 0.462 6.290 14.787 17.213 0.538

(LFor inner ring rotation.
(2For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

TS INCH STYLE

FTF: Fundamental Train Frequency: the frequency at which tH8PFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 73.
TS INCH FREQUENCY COEFFICIENTS
Part Number FTF-Inriér BSF BPFO BPFI FTF-O@ter
29585-29520 0.452 4.935 11.742 14.258 0.548
399A-394A 0.443 4.191 9.740 12.260 0.557
29685-29620 0.455 5.251 12.277 14.723 0.545
34301-34478 0.450 4.734 10.789 13.211 0.550
497-493 0.448 4.606 10.307 12.693 0.552
LM718947-LM718910 0.452 4.970 11.303 13.697 0.548
52400-52618 0.452 4.935 11.745 14.255 0.548
68462-68712 0.450 4.749 11.251 13.749 0.550
36690-36620 0.472 8.597 20.286 22.714 0.528
36990-36920 0.477 10.260 23.829 26.171 0.523
87750-87111 0.457 5.592 13.253 15.747 0.543
67985-67920 0.470 7.996 19.283 21.717 0.530
543085-543114 0.473 8.987 19.868 22.132 0.527

(LFor inner ring rotation.
(2For outer ring rotation.

TIMKEN) FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONAXATALOG



APPENDIX
FREQUENCY COEFFICIENTS

TSF METRIC STYLE

FTF: Fundamental Train Frequency: the frequency at which tH8PFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe@PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 74.
TSF METRIC FREQUENCY COEFFICIENTS

Part Number FTF-Inriér BSF BPFO BPFI FTF-O@ter
JP6049-JP6010-B 0.436 3.676 8.275 10.725 0.564
JP7049-JP7010-B 0.443 4.160 9.299 11.701 0.557
JP8049-JP8010-B 0.444 4.255 9.323 11.677 0.556
JP9049-JP9010-B 0.449 4.669 10.331 12.669 0.551
JP10044-JP10010-B 0.453 5.003 11.331 13.669 0.547
JP10049-JP10010-B 0.453 5.003 11.331 13.669 0.547
JP13049-JP13010-B 0.455 5.252 11.820 14.180 0.545
JP14049-JP14010-B 0.458 5.587 12.811 15.189 0.542
JL730646-JL.730612-B 0.467 7.219 17.273 19.727 0.533

(For inner ring rotation.
(2For outer ring rotation.

TSF INCH STYLE

TABLE 75.
TSF INCH FREQUENCY COEFFICIENTS
Part Number FTF-Inn®r BSF BPFO BPFI FTF-O@ter
2984-2924-B 0.434 3.643 8.244 10.755 0.566
3984-3920-B 0.443 4.191 9.740 12.260 0.557
482-472-B 0.439 3.948 8.783 11.217 0.561
566-563-B 0.435 3.713 8.705 11.295 0.565
33287-33462-B 0.448 4.568 10.295 12.705 0.552
27690-27620-B 0.457 5.599 12.340 14.660 0.543
42350-42587-B 0.454 5.118 11.793 14.207 0.546
683-672-B 0.446 4.367 10.247 12.753 0.555
687-672-B 0.446 4.367 10.247 12.753 0.555
71450-71750-B 0.444 4.296 10.217 12.783 0.556

(IFor inner ring rotation.
(2For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

TSHR STYLE

FTF: Fundamental Train Frequency: the frequency at which tH8PFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 76.
TSHR METRIC FREQUENCY COEFFICIENTS
Part Number ‘ FTF-Inriér BSF BPFO BPFI FTF-O@ter
JP5049P-JP5019HR \ 0.426 3.178 6.815 9.185 0.574
JP5049P-JP5020HR ‘ 0.426 3.178 6.815 9.185 0.574
JP5049PH-JP5017H|# 0.426 3.178 6.815 9.185 0.574
JP5049PH-JP5020H|# 0.426 3.178 6.815 9.185 0.574
JP7548P-JP7520HR ‘ 0.446 4.387 8.918 11.082 0.554
JP7549P-JP7519HR ‘ 0.446 4.387 8.918 11.082 0.554
JP8548-JP8518HR ‘ 0.447 4.462 9.827 12.173 0.553
JP8549P-JP8519HR ‘ 0.447 4.462 9.827 12.173 0.553
JP10048-JP10019HR‘ 0.453 5.093 9.971 12.029 0.547
JP10048-JP10019HR$ 0.453 5.093 9.971 12.029 0.547
JP11035-JP11019HR‘ 0.452 4.955 9.937 12.063 0.548
JP11048-JP11019HR‘ 0.452 4.955 9.937 12.063 0.548
JP12043P-JP12019HF}Z 0.455 5.317 11.835 14.165 0.545
JP12049P-JP12019HF}Z 0.455 5.317 11.835 14.165 0.545
JP13043P-JP13016HF}Z 0.455 5.252 11.820 14.180 0.545
JP13049P-JP13016HF}Z 0.455 5.252 11.820 14.180 0.545
JP14043P-JP14019HF}Z 0.458 5.587 12.353 14.647 0.542
JP14049P-JP14019HF}Z 0.458 5.587 12.353 14.647 0.542
JP16043P-JP16019HF}Z 0.459 5.791 12.849 15.151 0.541
JP16049P-JP16019HF}Z 0.459 5.791 12.849 15.151 0.541
JP17049P-JP17019HF}Z 0.461 6.132 13.831 16.169 0.539
JP18049P-JP18019HF}Z 0.463 6.437 14.353 16.647 0.537
JP20049P-JP20019HF}Z 0.462 6.240 12.006 13.994 0.538
JP22049E-JP22019HFF 0.465 6.769 13.949 16.051 0.535
JL555235-JL55512H|# 0.472 8.567 16.041 17.959 0.528
JL555239-JL55512HF# 0.472 8.567 16.041 17.959 0.528

(For inner ring rotation.
(@For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

2MV/MM9300WI SERIES (71900C-...-P4/PA4S)

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.
BSF: Ball Spin Frequency: the frequency at which a single defe®PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.

TABLE 77.
2MM9300WI SERIES (71900C-...-P4S) FREQUENCY COEFFICIENTS

Bearing Number Bezm;eafnober FTF-Inné®) BSF BPFO BPFI FTF-Cter

2MV/MMO300WI | 71900C-...-P4/P4S 0.4054 24294 4.8649 7.1351 0.5946
2MVIMMI30IWI | 71901C-..-P4/PAS 0.4159 2.7546 5.4070 7.5930 0.5841
2MVIMMI302WI | 71902C-...-P4/P4S 0.4204 2.9335 5.4650 7.5350 0.5796
2MVIMM9303WI | 71903C-...-P4/P4S 0.4272 3.2198 6.4074 8.5926 0.5728
2MVIMMI304WI | 71904C-...-P4/P4S 0.4194 2.9144 5.8719 8.1281 0.5806
2MVIMMI305WI | 71905C-...-P4/P4S 0.4314 3.4509 7.3346 9.6654 0.5686
2MVIMMI306WI | 71906C-..-P4/PAS 0.4404 3.9846 8.3667 10.6333 0.5596
2MVIMMI307WI | 71907C-..-P4/PAS 0.4405 3.9924 8.3695 10.6305 0.5595
2MVIMM9308WI |  71908C-..-P4/PAS 0.4399 3.9578 8.3586 10.6414 0.5601
2MVIMM9309WI | 71909C-..-P4/P4S 0.4458 4.3966 9.3612 11.6388 0.5542
2MVIMM9310WI | 71910C-..-P4/P4S 0.4498 4.7547 10.3448 12,6552 0.5502
IMVIMM9311WI |  71911C-..-P4/P4S 0.4490 4.6752 10.3262 12,6738 0.5510
2MVIMM9312WI | 71912C-..-P4/PAS 0.4525 5.0286 11.3121 13.6879 0.5475
2MVIMMI313WI | 71913C-...-P4/P4S 0.4556 5.3816 12.2099 14.7001 0.5444
2MVIMMI314WI | 71914C-...-P4/P4S 0.4504 4.8196 10.8092 13.1908 0.5496
2MVIMMI315WI | 71915C-...-P4/P4S 0.4531 5.1086 11.3285 13.6715 0.5469
2MVIMMI316WI | 71916C-..-P4/P4S 0.4556 5.3074 12.3014 14,6986 0.5444
IMVIMMI317WI | 71917C-...-P4/P4S 0.4557 5.3371 11.8322 14.1678 0.5449
2MVIMMI318WI | 71918C-...-P4/P4S 0.4537 5.1643 11.7957 14.2043 0.5463
2MVIMMI319WI | 71919C-...-P4/P4S 0.4557 5.4085 12.7607 15.2893 0.5443
2MVIMM9320WI | 71920C-...-P4/P4S 0.4585 5.7746 13.2966 15.7034 0.5415
IMVIMM9322WI | 71922C-...-P4/P4S 0.4617 6.2622 14.3126 16.6874 0.5383
2MVIMM9324WI | 71924C-.-P4IPAS 0.4596 5.9438 13.7888 16.2112 0.5404
2MVIMMI326WI | 71926C-...-P4/P4S 0.4580 5.7028 13.7392 16.2608 0.5420
2MVIMM9328WI | 71928C-..-P4/P4S 0.4605 6.0759 14.7367 17.2633 0.5395
2MVIMM9330WI | 71930C-..-P4/P4S 0.4531 5.1086 12.2348 14.7652 0.5469
2MVIMM9332WI | 71932C-..-P4/P4S 0.4536 5.1589 12.2480 14.7520 0.5464
2MVIMM9334WI | 71934C-..-P4/P4S 0.4559 5.4349 13.2209 15.7791 0.5441
2MVIMMO340WI | 71940C-...-P4IP4S 0.4521 4.9931 12.2062 14.7938 0.5479

(MFor inner ring rotation.
(2For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

3MV/MM9300WI SERIES (71900E-...-P4/P4S)

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.
BSF: Ball Spin Frequency: the frequency at which a single defe@PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.

TABLE 78.
3MM9300WI SERIES (71900E-...-P4S) FREQUENCY COEFFICIENTS

Bearing Number Bezm“;e&ﬁnober FTF-Innéd) BSF BPFO BPFI FTF-C@ter

3MV/MM9300WI 71900E-...-P4/P4S 0.4100 2.4380 4.9204 7.079 0.5900
3MV/MM9302WI 71902E-...-P4/P4s 0.4248 2.9417 5.522}9 7.4175 0.5752
3MV/MM9303WI 71903E-...-P4/P4s 0.4312 3.2273 6.468‘1 8.5#19 0.5688
3MV/MM9305WI 71905E-...-P4/P4s 0.4356 3.4586 7.404}4 9.5456 0.5644
3MV/MM9306WI 71906E-...-P4/P4S 0.4439 3.9913 8.434#5 10.5%554 0.5561
3MV/MM9307WI 71907E-...-P4/P4s 0.4440 3.9990 8.436#5 10.5%;34 0.5560
3MV/MM9308WI 71908E-...-P4/P4}S 0.4437 3.9648 8.429}5 10.5%05 0.5563
3MV/MM9309WI 71909E-...-P4/P4S 0.4491 4.4029 9.432b 11.5%80 0.5509
3MV/MM9310WI 71910E-...-P4/P4S 0.4529 4.7606 10.41456 12.5#334 0.5471
3MV/MMO311WI 71911E-...-P4/P4}S 0.4521 4.6811 10.39$3 12.6b17 0.5479
3MV/MMO312WI 71912E-...-P4/P4S 0.4554 5.0340 11.38$1 13.6‘149 0.5446
3MV/MMO313WI 71913E-...-P4/P4s 0.4583 5.3867 12.37#6 14.6?64 0.5417
3MV/MMO314WI 71914E-...-P4/P4s 0.4535 4.8255 10.88#9 13.1‘161 0.5465
3MV/MM9315WI 71915E-...-P4/P4s 0.4561 5.1141 11.40#0 13.5P80 0.5439
3MV/MM9316WI 71916E-...-P4/P4s 0.4584 5.4026 12.37456 14.6P34 0.5416
3MV/MMO317WI 71917E-...-P4/P4}S 0.4579 5.3423 11.90%17 14.0@53 0.5421
3MV/MM9318WI 71918E-...-P4/P4}S 0.4565 5.1696 11.86#9 14.1#01 0.5435
3MV/MM9319WI 71919E-...-P4/P4s 0.4585 5.4136 12.83J(1 15.1#529 0.5415
3MV/MM9320WI 71920E-...-P4/P4~S 0.4611 5.7794 13.37(#8 15.6?92 0.5389
3MV/MM9322WI 71922E-...-P4/P4s 0.4641 6.2666 14.38$8 16.6ﬁ42 0.5359
3MV/MMO324WI 71924E-...-P4/P4s 0.4622 5.9485 13.86%15 16.1#55 0.5378
3MV/MM9326WI 71926E-...-P4/P4S 0.4606 5.7077 13.81‘*1 16.1#329 0.5394
3MV/MM9328WI 71928E-...-P4/P4‘S 0.4630 6.0804 14.81{17 17.1%353 0.5370
3MV/MM9330WI 71930E-...-P4/P4S 0.4561 5.1141 12.31%11 14.6#359 0.5439
3MV/MMO334WI 71934E-...-P4/P4S 0.4586 5.4401 13.304)7 15.6#993 0.5414
3MV/MMI340WI 71940E-...-P4/P4s 0.4551 4.9987 12.28J(9 14.7ﬁ21 0.5449

(LFor inner ring rotation.
(2For outer ring rotation.
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FREQUENCY COEFFICIENTS

2MMV9300HX Series (HX71900C-...-P4S)

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.
BSF: Ball Spin Frequency: the frequency at which a single defe®@PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.

TABLE 79.
2MMV9300HX SERIES (HX71900C-...-P4S) FREQUENCY COEFFICIENTS
. Timken ISO .
. - ) =
Bearing Number Bearing Number FTF-inndt BSF BPFO BPFI FTF-O@ter
2MMV9300HX HX71900C-...-P4S 0.4283 3.2887 5.5682 7.43#18 0.5717
2MMV9302HX HX71902C-...-P4S 0.4363 3.7164 6.1081 7.8'#19 0.5637
2MMV9302HX HX71902C-...-P4S 0.4378 3.8096 7.0041 8.9'#59 0.5622
2MMV9303HX HX71903C-...-P4S 0.4431 4.1747 7.5319 9.4481 0.5569
2MMV9304HX HX71904C-...-P4S 0.4396 3.9312 7.4726 9.5474 0.5604
2MMV9305HX HX71905C-...-P4S 0.4486 4.6398 8.9717 11.0#83 0.5514
2MMV9306HX HX71906C-...-P4S 0.4553 5.3464 10.4710 12.5?90 0.5447
2MMV9307HX HX71907C-...-P4S 0.4575 5.6286 11.4364 13.5#36 0.5425
2MMV9308HX HX71908C-...-P4S 0.4400 3.9579 8.3598 10.6+102 0.5600
2MMV9309HX HX71909C-...-P4S 0.4458 4.3967 9.3624 11.6#76 0.5542
2MMV9310HX HX71910C-...-P4S 0.4498 4.7548 10.3460 12.6#340 0.5502
2MMV9311HX HX71911C-...-P4S 0.4490 4.6752 10.3262 12.6?38 0.5510
2MMV9312HX HX71912C-...-P4S 0.4525 5.0286 11.3121 13.6#79 0.5475
2MMV9313HX HX71913C-...-P4S 0.4556 5.3816 12.2999 14.7b01 0.5444
2MMV9314HX HX71914C-...-P4S 0.4504 4.8197 10.8104 13.1#96 0.5496
2MMV9315HX HX71915C-...-P4S 0.4532 5.1087 11.3297 13.6&03 0.5468
2MMV9316HX HX71916C-...-P4S 0.4557 5.3975 12.3026 14.6?74 0.5443
2MMV9317HX HX71917C-...-P4S 0.4551 5.3372 11.8338 14.1%362 0.5449
2MMV9318HX HX71918C-...-P4S 0.4537 5.1642 11.7952 14.2b48 0.5463
2MMV9320HX HX71920C-...-P4S 0.4585 5.7746 13.2961 15.7b39 0.5415
2MMV9322HX HX71922C-...-P4S 0.4617 6.2622 14.3121 16.6#79 0.5383
2MMV9324HX HX71924C-...-P4S 0.4596 5.9438 13.7892 16.2h08 0.5404
2MMV9328HX HX71928C-...-P4S 0.4605 6.0759 14.7371 l7.2%§29 0.5395

(@For inner ring rotation.
(@For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

3MMV9300HX SERIES (HX71900E-...-P4S)

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®PFI: Ball Pass Frequency Inner: the frequency at which a single
on a rolling element will be detected. defect in the inner race will be detected.

TABLE 80.
3MMV9300HX SERIES (HX71900E-...-P4S) FREQUENCY COEFFICIENTS
Bearing Number Begm}zemi%er FTF-Innéd BSF BPFO BPFI FTF-Oter
3MMV9300HX HX71900E-...-P4S 0.4327 3.2087 5.6255 7.3745 0.5673
3MMV9301HX HX71901E-...-P4S 0.4402 3.7257 6.1629 7.8371 0.5598
3MMV9302HX HX71902E-...-P4S 0.4416 3.8167 7.0655 8.9345 0.5584
3MMV9303HX HX71903E-...-P4S 0.4466 4.1812 7.5916 9.4084 0.5534
3MMV9304HX HX71904E-...-P4S 0.4434 3.9383 7.5370 9.4630 0.5566
3MMV9305HX HX71905E-...-P4S 0.4518 46459 9.0361 10.9639 0.5482
3MMV9306HX HX71906E-...-P4S 0.4581 5.3516 10.5355 12.4645 0.5419
3MMV9307HX HX71907E-...-P4S 0.4601 5.6336 115035 13.4965 0.5399
3MMV9308HX HX71908E-...-P4S 0.4436 3.9647 8.4284 10.5716 0.5564
3MMV9309HX HX71900E-...-P4S 0.4491 4.4028 9.4300 11.5691 0.5509
3MMV9310HX HX71910E-...-P4S 0.4528 4.7605 10.4154 12.5846 0.5472
3MMV9311HX HX71911E-..-P4S 0.4521 4.6810 10.3976 12.6024 05479
3MMV9312HX HX71912E-...-P4S 0.4554 5.0340 11.3844 13.6156 0.5446
3MMV9313HX HX71913E-...-P4S 0.4583 5.3866 12.3729 14.6271 0.5417
3MMV9314HX HX71914E-...-P4S 0.4535 4.8255 10.8839 13.1161 0.5465
3MMV9315HX HX71915E-...-P4S 0.4561 5.1141 11.4020 13.5080 0.5439
3MMV9316HX HX71916E-...-P4S 0.4584 5.4026 12.3766 14.6234 0.5416
3MMV9317HX HX71917E-...-P4S 0.4579 5.3425 11.9063 14,0037 0.5421
3MMV9318HX HX71918E-...-P4S 0.4566 5.1697 11.8704 14.1296 0.5434
3MMV9320HX HX71920E-...-P4S 0.4611 5.7794 13.3713 15.6287 0.5389
3MMV9322HX HX71922E-...-P4S 0.4641 6.2667 14.3863 16.6137 0.5359
3MMV9324HX HX71924E-...-P4S 0.4622 5.9486 13.8654 16.1346 05378
3MMV9328HX HX71928E-...-P4S 0.4630 6.0805 14.8159 17.1841 05370

(For inner ring rotation.
(@For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

2MV/MM9100WI SERIES (7000C-...-P4/P4S)
FTF: Fundamental Train Frequency: the frequency at which thgpro: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe@pr|: Ball Pass Frequency Inner: the frequency at which a single
on arolling element will be detected. defect in the inner race will be detected.

TABLE 81.
2MM9100WI SERIES (7000C-...-P4S) FREQUENCY COEFFICIENTS

Bearing Number Begﬂ:}gemi%er FTF-Innéd BSF BPFO BPFI FTF-Oer

2MV/MM9100WI 7000C-...-P4/P45 0.3740 1.7697 2.9924 5.0076 0.6260
2MV/MM9101WI 7001C-...-P4/P4$ 0.3902 2.0621 3.9015 6.0985 0.6098
2MV/MM9102WI 7002C-...-P4/P4S 0.4035 2.3754 4.8424 7.1576 0.5965
2MV/MM9103WI 7003C-...-P4/P4S 0.4126 2.6411 45390 6.4610 0.5874
2MV/MM9104WI 7004C-...-P4/P4S 0.4013 2.3458 4.4140 6.5860 0.5987
2MV/MM9105WI 7005C-...-P4/P4S 0.4150 2.7526 5.3947 7.6053 0.5850
2MV/MM9106WI 7006C-...-P4/P4S 0.4201 2.9387 5.8807 8.1103 0.5799
2MV/MM9107WI 7007C-...-P4/P4S 0.4210 2.9789 6.3157 8.6843 0.5790
2MV/MM9108WI 7008C-...-P4/P4S 0.4291 3.3332 6.8655 9.1345 0.5709
2MV/MM9109WI 7009C-...-P4/P4S 0.4298 3.3682 7.3063 9.6937 0.5702
2MV/MM9110WI 7010C-...-P4/P4$ 0.4352 3.6596 7.8332 10.1668 0.5648
2MV/MM9111W| 7011C-...-P4/P4S 0.4314 3.4469 7.7648 10.2352 0.5686
2MV/MM9112WI 7012C-...-P4/P4S 0.4358 3.6934 8.2803 10.7197 0.5642
2MV/MM9113WI 7013C-...-P4/P4S 0.4397 3.9394 8.7939 11.2061 0.5603
2MV/MMO114W| 7014C-...-P4/P4S 0.4362 3.7179 8.2875 10.7125 0.5638
2MV/MM9L15WI 7015C-...-P4/P4S 0.4395 3.9312 8.7908 11.2092 0.5605
2MV/MM9L16WI 7016C-...-P4/P4S 0.4365 3.7369 8.7306 11.2694 0.5635
2MV/IMMO117WI 7017C-...-P4/P4S 0.4396 3.9332 9.2317 117683 0.5604
2MV/MM9118WI 7018C-...-P4/P4S 0.4367 3.7517 8.7350 11.2650 0.5633
2MV/MM9119WI 7019C-...-P4/P4S 0.4394 3.9200 9.2271 11.7729 0.5606
2MV/MM9120WI 7020C-...-P4/P4S 0.4418 4.0881 9.7108 12.2802 0.5582
2MV/MM9121WI 7021C-...-P4/P4S 0.4393 3.9167 9.2256 11.7744 0.5607
2MV/IMM9122W| 7022C-...-P4IP4S 0.4399 3.9507 9.6778 12.3222 0.5601
2MV/MM9124WI 7024C-...-P4/P4S 0.4439 4.2417 10.2102 12.7898 0.5561
2MV/MM9126WI 7026C-...-P4/P4$ 0.4397 3.9394 9.2336 11.7664 0.5603
2MV/IMM9128WI 7028C-...-P4/P4S 0.4431 4.1850 9.7491 12.2509 0.5569
2MV/MM9130WI 7030C-...-P4/P4$ 0.4428 4.1640 9.7426 12.2574 0.5572
2MV/MM9132WI 7032C-...-P4/P4S 0.4426 4.1450 9.7367 12.2633 0.5574
2MV/MMO134WI 7034C-...-P4IP4S 0.4394 3.9247 9.6660 12.3340 0.5606
2MV/MM9136WI 7036C-...-P4/P4S 0.4367 3.7516 8.7339 11.2661 0.5633
2MV/MM9140W| 7040C-...-P4IP4S 0.4369 3.7645 8.7378 11.2622 0.5631

(For inner ring rotation.
(@For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

3MV/MM9100WI SERIES (7000E-...-P4/P4S)

FTF: Fundamental Train Frequency: the frequency at which thgprg: gall pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defegp .

on a rolling element will be detected.

Ball Pass Frequency Inner: the frequency at which a single
defect in the inner race will be detected.

TABLE 82.
3MM9100WI SERIES (7000E-...-P4S) FREQUENCY COEFFICIENTS
Bearing Number L (510 FTF-Inné® BSF BPFO BPFI FTF-Oer
Bearing Number

3MV/MM9100W! 7000E-...-P4/P4$ 0.3740 1.7697 2.9924 5.0076 0.6260
3MV/MM9101WI 7001E-...-P4IP4S 0.3957 2.0724 3.9560 6.0431 0.6043
3MV/MM9102WI 7002E-...-P4IP4S 0.4084 2.3844 4.4924 6.5076 0.5916
3MV/MM9103WI 7003E-..-P4/P4S 0.4170 2.6493 45875 6.4125 05830
3MV/MM9104WI T004E-...-P4IP4S 0.4074 23573 4.4816 6.5184 0.5926
3MV/MM9105WI 7005E-...-P4IP4S 0.4203 2.7625 5.4635 75365 0.5797
3MV/MMO106WI 7006E-...-P4/P4S 0.4243 2.9475 5.9467 8.0533 0.5752
3MV/MMI107WI 7oo7E-...-P4/P4$ 0.4258 2.9877 6.386%1 8 elbe 0.5742
3MV/MM9L08WI 7008E-...-P4IP4S 0.4333 3.3411 6.9332 9.0668 0.5667
3MV/MM9109WI 7009E-...-P4/P4S 0.4340 3.3761 7.3782 9.6218 0.5660
3MV/MM9110WI 7010E-...-P4/P4S 0.4391 3.6669 7.9036 10.0964 0.5609
3MV/MMO111WI 7011E-...-P4/P4$ 0.4354 3.4544 7.837# 10.1¢27 0.5646
3MVIMMO112WI 7012E-...-P4/P4S 0.4396 3.7005 8.3519 10.6481 0.5604
3MV/MM9113WI 7013E-...-P4IP4S 0.4432 3.9461 8.8647 11.1353 0.5568
3MV/MM9114WI 7014E-...-P4IP4S 0.4400 3.7251 8.3500 10.6401 0.5600
3MV/MMIL15WI 7015E-..-P4IP4S 0.4432 3.9379 8.8630 11.1370 0.5568
3MV/IMM9116WI 7016E-...-P4IPAS 0.4404 3.7441 8.8074 11.1926 0.5596
3MV/IMM9117WI 7017E-...-P4IP4S 0.4433 3.9400 9.3085 11.6915 0.5567
3MV/MM9118WI 7018E-...-P4IP4S 0.4405 3.7587 8.8101 11.1899 0.5595
3MV/MMI119WI 70195-...-P4/P4$ 0.4430 3.9267 9.302# 11.6$74 0.5570
3MV/MM9120WI 7020E-...-P4/P4S 0.4453 4.0945 9.7958 12.2042 0.5547
3MV/MMO121WI 7021E-...-P4IPAS 0.4430 3.9235 9.3021 11.6979 0.5570
3MV/MMO122WI 7022E-...-P4IP4S 0.4434 3.9573 9.7557 12.2443 0.5566
3MV/MMI124WI 7024E-...-P4/P4$ 0.4472 4.2479 10.2841 12.7#39 0.5528
3MV/MMOL26WI 7026E-...-P4IP4S 0.4433 3.9462 9.3096 11.6904 0.5567
3MV/MMO128WI 7028E-...-P4IP4S 0.4466 41914 9.8241 12.1759 0.5534
3MV/MM9130WI 7030E-...-P4/P4S 0.4463 4.1705 9.8186 12.1814 0.5537
3MV/MMO132WI 7032E-..-PAIP4S 0.4461 4.1515 9.8135 12.1865 05539
3MV/IMM9134WI T034E-...-P4IP4S 0.4431 3.9318 9.7492 12.2508 0.5569
3MV/MM9136WI 7036E-...-P4IPAS 0.4406 3.7588 8.8114 11.1886 0.5594
3MV/MM9140WI 7040E-...-P4IP4S 0.4408 3.7719 8.8164 11.1836 0.5592

(For inner ring rotation.
(2For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

2MMV9100HX SERIES (HX7000C-...-P4S)

FTF: Fundamental Train Frequency: the frequency at which th8PFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 83.
2MMV9100HX SERIES (HX7000C-...-P4S) FREQUENCY COEFFICIENTS
Bearing Number Begri’?]kgemi%er FTF-Innéd BSF BPFO BPFI FTF-Oter
2MMV9100HX HX7000C-...-P4S 0.3834 1.9496 3.8344 6.1656 0.6166
2MMV9101HX HX7001C-...-P4S 0.4043 24274 4.4474 6.5526 05957
2MMV9102HX HX7002C-...-P4S 0.4023 2.3729 4.8273 71727 0.5977
2MMV9103HX HX7003C-...-P4S 0.4117 2.6444 45283 6.4717 0.5883
2MMV9104HX HX7004C-...-P4S 0.4012 2.3457 4.8147 7.1853 0.5988
2MMV9105HX HX7005C-...-P4S 0.4043 24274 5.2560 7.7440 0.5957
2MMV9106HX HX7006C-...-P4S 0.4099 2.5903 5.3292 7.6708 0.5901
2MMV9107HX HX7007C-...-P4S 0.4211 2.9789 6.3162 8.6438 05789
2MMV9108HX HX7008C-...-P4S 0.4291 3.3332 6.8659 9.1341 05709
2MMV9109HX HX7009C-...-P4S 0.4298 3.3682 7.3070 9.6930 05702
2MMV9110HX HX7010C-...-P4S 0.4352 3.6597 7.8340 10.1660 0.5648
2MMV9111HX HX7011C-...-P4S 0.4472 45160 10.7329 13.2671 05528
2MMV9112HX HX7012C-...-P4S 0.4506 4.8343 11.2653 13.7347 0.5494
2MMV9113HX HX7013C-...-P4S 0.4490 4.6751 11.2241 13.7759 05510
2MMV9114HX HX7014C-...-P4S 0.4490 4.6752 11.2241 13.7759 0.5510
2MMV9115HX HX7015C-...-P4S 0.4517 4.9403 11.7429 14.2571 05483
2MMV9116HX HX7016C-...-P4S 0.4477 45613 11.1013 13.8087 05523
2MMV9117HX HX7017C-...-P4S 0.4502 4.7888 11.7039 14.2061 05498
2MMV9118HX HX7018C-...-P4S 0.4534 5.1295 12.6953 15.3047 0.5466
2MMV9120HX HX7020C-...-P4S 0.4510 4.8740 12.1772 14.8228 0.5490
2MMV9122HX HX7022C-...-P4S 0.4563 5.4696 13.6877 16.3123 05437
2MMV9124HX HX7024C-...-P4S 0.4542 5.2052 13.1707 15.8203 0.5458

(For inner ring rotation.
(@For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

3MMV9100HX SERIES (HX7000E-...-P4S)

FTF: Fundamental Train Frequency: the frequency at which tH@PFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 84.
3MMV9100HX SERIES (HX7000E-...-P4S) FREQUENCY COEFFICIENTS
Bearing Number L& (=10 FTF-Innéd BSF BPFO BPFI FTF-Oter
Bearing Number

3MMV9100HX HX7000E-...-P45 0.4003 21778 4.0035 5.9965 0.5997
3MMV9101HX HX7001E-...-P45 0.4103 2.4386 45134 6.4866 0.5897
3MMV9102HX HX7002E-...-P45 0.4083 2.3842 4.8993 7.1007 05917
3MMV9103HX HX7003E-...-P4#5 04171 2.6546 4.588b 6.41?0 0.5829
3MMV9104HX HX7004E-...-P45 0.4071 2.3568 4.8857 7.1143 0.5929
3MMV9105HX HX7005E-...-P45 0.4202 2.7625 5.4630 75370 0.5798
3MMV9106HX HX7006E-..-P4S 0.4250 2.9479 5.9495 8.0505 0.5750
3MMV9107HX HX7007E-...-P4$ 0.4259 2.9879 6.388P s.slﬁs 0.5741
3MMV9108HX HX7008E-...-P45 0.4334 3.3413 6.9349 9.0651 0.5666
3MMV9109HX HX7009E-...-P4S 0.4341 3.3762 73791 | 9.6209 | 0.5659

3MMV9110HX HX7010E-...-P4S 0.4391 3.6670 7.9044 10.0956 0.5609
3MMVO111HX Hx7011E-...-P4$ 0.4504 45220 10.81(2#0 13.1#00 0.5496
3MMVO112HX HX7012E-...-P4S 0.4536 4.8399 113404 13.6596 0.5464
3MMV9113HX HX7013E-...-P45 0.4520 4.6809 11.3011 13.6989 0.5480
3MMVO114HX HX7014E-...-P4S 0.4521 4.6810 11.3025 13.6975 0.5479
3MMV9115HX HX7015E-...-P45 0.4545 4.9457 11.8182 14.1818 0.5455
3MMV9116HX HX7016E-...-P45 0.4509 45674 112722 13.7278 0.5491
3MMV9117HX HX7017E-...-P4S 0.4532 4.7945 11.7824 14.2176 0.5468
3MMV9118HX HX7018E-...-P4S 0.4562 5.1347 12.7743 15.2257 0.5438
3MMV9120HX HX7020E—...—P4%S 0.4540 4.8796 12.2540 14.7{420 0.5460
3MMV9122HX HX7022E-...-P4S 0.4589 5.4746 13.7678 16.2322 05411
3MMV9124HX HX7024E-...-P4S 0.4568 5.2102 13.2485 15.7515 0.5432

(IFor inner ring rotation.
(2For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

2MV/MM200WI SERIES (7200C-...-P4/P4S)
FTF: Fundamental Train Frequency: the frequency at which thgpro: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spir.1 Frequency: the frequency at which a single defe@pr|: Ball Pass Frequency Inner: the frequency at which a single
on arolling element will be detected. defect in the inner race will be detected.

TABLE 85.
2MM200WI SERIES (7200C-...-P4S) FREQUENCY COEFFICIENTS

Bearing Number T €20 (10 FTF-Innd® BSF BPFO BPFI FTF-Oer
Bearing Number
2MV/IMM200WI 7200C-..-P4/P4$ 0.3668 16722 2.9345 5.0655 0.6332
2MVIMM201WI 7201C-..-P4IP4S 0.3699 1.7226 3.3290 5.6710 0.6301
2MV/MM202WI 7202C-...-P4IP4S 0.3855 1.9898 3.8552 6.1448 0.6145
2MV/MM203WI 7203C-..-P4IPAS 0.3861 2.0025 3.8609 6.1301 0.6139
2MV/IMM204WI 7204C-...-P4IP4S 0.3857 2.0000 3.8570 6.1430 0.6143
2MV/MM205WI 7205C-..-P4IP4S 0.4008 2.3347 4.8001 7.1909 0.5992
2MV/MM206WI 7206C-...-P4IP4S 0.4001 2.3182 4.8007 7.1903 0.5999
2MV/MM207WI 7207C-..-P4IP4S 0.3997 2.3104 4.7965 7.2085 0.6003
2MV/MM208WI 7208C-..-P4IP4S$ 0.3980 2.2638 4.3777 6.6223 0.6020
2MV/MM209WI 7200C-..-P4IP4S 0.4058 2.4683 5.2757 7.7243 0.5942
2MV/MM210WI 7210C-...-P4IP4S 0.4126 26716 5.7757 8.2243 0.5874
2MV/MM211WI 7211C-..-P4IP4S 0.4110 26263 5.7543 8.2457 0.5890
2MVIMM212WI 7212C-..-P4IP4S$ 0.4098 2.5901 5.7376 8.2624 0.5902
2MVIMM213WI 7213C-...-P4IPAS 0.4130 2.6906 5.7818 8.2182 0.5870
2MV/MM214WI 7214C-...-P4IP4S 0.4135 2.7082 5.7801 8.2109 0.5865
2MV/MM215WI 7215C-..-P4/P4S 0.4177 2.8554 6.2659 8.7341 0.5823
2MV/IMM216WI 7216C-..-P4IP4S 0.4164 2.8064 6.2462 8.7588 0.5836
2MVIMM217WI 7217C-..-P4IPAS 0.4152 2.7649 6.2281 8.7719 0.5848
2MV/MM218WI 7218C-...-P4IP4S 0.4142 2.7301 5.7984 8.2016 0.5858
2MV/MM219WI 7219C-..-P4IP4S 0.4132 2.6992 5.7853 8.2147 0.5868
2MV/IMM220WI 7220C-..-P4IP4S 0.4125 26714 5.7744 8.2256 0.5875
2MVIMM222WI 7222C-..-P4IP4S 0.4110 2.6263 5.7543 8.2457 0.5890
2MV/MM224WI 7224C-...-P4IP4S 0.4131 2.6927 5.7830 8.2170 0.5869
2MV/MM226WI 7226C-..-P4IP4S 0.4192 2.9059 7.1260 9.8740 0.5808
2MV/MM230WI 7230C-...-P4IP4S 0.4124 26714 6.1865 8.8135 0.5876

(For inner ring rotation.
(2For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

3MV/MM200WI SERIES (7200E-...-P4/P4S)

FTF: Fundamental Train Frequency: the frequency at which thgpro. gall Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defegp .

. . Ball Pass Frequency Inner: the frequency at which a single
on a rolling element will be detected.

defect in the inner race will be detected.

TABLE 86.
3MM200WI SERIES (7200E-...-P4S) FREQUENCY COEFFICIENTS

Bearing Number UL (510 FTF-Innéd BSF BPFO BPFI FTF-Oer
Bearing Number
3MV/IMM200WI 7200E-...-P4IP4$ 0.3668 1.6722 2.9345 5.0655 0.6332
3MVIMM201WI 7201E-...-P4IP4S 0.3774 1.7366 3.3966 5.6034 0.6226
3MV/IMM202WI 7202E-...-P4IPAS 0.3921 2.0021 3.9212 6.0788 0.6079
3MV/MM203WI 7203E-...-P4/P4$ 0.3928 2.0150 3.9274( 6.07?3 0.6072
3MV/IMM204WI 7204E-...-P4IPAS 0.3929 2.0134 3.9200 6.0710 0.6071
3MV/MM205WI 7205E-...-P4IPAS 0.4070 2.3463 4.8841 7.1159 0.5930
3MV/IMM206WI 7206E-...-P4IPAS 0.4064 23301 4.8769 7.1281 0.5936
3MV/MM207WI 7207E-...-P4/P4$ 0.4061 23224 4.873%1 7.12#6 0.5939
3MV/MM208WI 7208E-...-P4IPAS 0.4043 2.2757 4.4476 6.5524 0.5957
3MV/MM209WI 7200E-...-P4IPAS 0.4117 2.4793 5.3519 7.6481 0.5883
3MV/MM210WI 7210E-...-P4IP4S 0.4180 2.6818 5.8519 8.1481 0.5820
3MV/MM211WI 7211E-...-P4/P4$ 0.4166 2.6367 5.832$ 8.16‘77 0.5834
3MVIMM212WI 7212E-..-P4IPAS 0.4155 2.6007 5.817] 8.1829 0.5845
3MVIMM213WI 7213E-..-P4IPAS 0.4185 2.7009 5.8587 8.1413 0.5815
3MVIMM214W| 7214E-...-P4IPAS 0.4189 27182 5.8639 8.1361 0.5811
3MV/MM215WI 7215E-...-P4/P4$ 0.4228 2.8649 6.3421 8.65179 05772
3MVIMM216WI T216E-...-P4IP4S 0.4216 2.8162 6.3241 8.6759 0.5784
3MVIMM217WI T217E-..-P4IP4S 4205 2.7748 6.3076 8.6924 0.5795
3MV/IMM218WI 7218E-...-P4IP4S 0.4196 2.7402 5.8738 8.1262 0.5804
3MV/MM219WI 7219E-...-P4/P4$ 0.4187 2.7094 5.861$ 8.13#2 0.5813
3MV/IMM220WI 7220E-...-P4IPAS 0.4179 2.6816 5.8506 8.1494 0.5821
3MVIMM222WI 7222E-...-P4IPAS 0.4166 2.6367 5.8323 8.1677 0.5834
3MV/IMM224WI 7224E-...-P4IPAS 0.4184 2.7026 5.8573 8.1427 0.5816
3MV/MM226WI 7226E-...-P4/P4$ 0.4241 2.9151 7.210¢ 9.79@0 0.5759
3MV/MM230WI 7230E-...-P4IPAS 0.4179 2.6815 6.2681 8.7319 0.5821

(For inner ring rotation.
(@For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

2MM300WI SERIES (7300C-...-P4S)

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 87.
2MM300WI SERIES (7300C-...-P4S) FREQUENCY COEFFICIENTS
8 Timken ISO
: 2 ) i
Bearing Number Bearing Number FTF-Innét BSF BPFO BPFI FTF-O@xer
2MM301WI 7301C-...-P4S 0.3594 1.5791 2.8751 5.1249 0.6406
2MM302WI 7302C-...-P4S 0.3861 2.0024 3.8609 6.1341 0.6139
2MM303WI 7303C-...-P4S 0.3564 1.5411 2.4946 4.5044 0.6436
2MM304WI 7304C-...-P4S 0.3618 1.6111 2.8941 5.1049 0.6382
2MM305WI 7305C-...-P4S 0.3681 1.6997 3.3127 5.68j3 0.6319
2MM306WI 7306C-...-P4S 0.3722 1.7663 3.7221 6.27j9 0.6278
2MM307WI 7307C-...-P4S 0.3799 1.8962 3.7990 6.2040 0.6201
2MM308WI 7308C-...-P4S 0.3801 1.9333 4.2025 6.79j5 0.6180
2MM309WI 7309C-...-P4S 0.3837 1.9636 3.8373 6.1647 0.6163
2MM310WI 7310C-...-P4S 0.3851 1.9889 3.8510 6.1440 0.6149
2MM311WI 7311C-...-P4S 0.3861 2.0099 3.8606 6.1344 0.6139
2MM312WI 7312C-...-P4S 0.3870 2.0281 3.8704 6.1246 0.6130
2MM313WI 7313C-...-P4S 0.3879 2.0440 4.2665 6.73:{5 0.6121
2MM314WI 7314C-...-P4S 0.3884 2.0576 4.2729 6.72#1 0.6116
2MM319WI 7319C-...-P4S 0.3857 2.0013 3.8570 6.14#0 0.6143

(MFor inner ring rotation.
(2For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

3MM300WI SERIES (7300E-...-P4S)

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe@PFI: Ball Pass Frequency Inner: the frequency at which a single

on a rolling element will be detected. defect in the inner race will be detected.
TABLE 88.
3MM300WI SERIES (7300E-...-P4S) FREQUENCY COEFFICIENTS
Bearing Number Timkef\z‘u'rﬁboe'fea”“F FTF-Inné®) BSF BPFO BPFI FTF-Cter
3MM301WI 7301E-..-P4S 0.3678 1.5049 2.9425 5.0575 0.6322
3MM302W1 7302E-..-P4S 0.3928 2.0149 3.9277 6.0723 0.6072
3MM303WI 7303E-...-P4S 0.3653 1.5578 2.5571 4.4429 0.6347
3MM304WI 7304E-..-P4S 0.3701 1.6268 2.9611 5.0389 0.6299
3MM305WI 7305E-...-P4S 0.3761 1.7147 3.3850 5.6150 0.6239
3MM306WiI 7306E-...-P4S 0.3801 1.7811 3.8010 6.1990 0.6199
3MM307WI 7307E-..-P4S 0.3874 1.9101 3.8736 6.1264 0.6126
3MM308WI 7308E-...-P4S 0.3893 1.9469 4.2826 6.7174 0.6107
3MM309WI 7309E-...-P4S 0.3910 1.9772 3.9096 6.0904 0.6090
3MM3LOWI 7310E-..-P4S 0.3920 2.0019 3.9205 6.0795 0.6080
3MM3L1IWI 7311E-..-P4S 0.3931 20231 3.9314 6.0686 0.6069
3MM312WI 7312E-..-P4S 0.3941 20412 3.9405 6.0595 0.6059
3MM313WI 7313E-..-P4S 0.3947 2.0567 4.3415 6.6585 0.6053
3MM3L14WI 7314E-..-P4S 0.3954 2.0705 4.3491 6.6500 0.6046
3MM31oWI 7319E-..-P4S 0.3927 2.0144 3.9270 6.0730 0.6073

(For inner ring rotation.
(@For outer ring rotation.
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APPENDIX
FREQUENCY COEFFICIENTS

BALL SCREW SUPPORT SERIES
METRIC SERIES

FTF: Fundamental Train Frequency: the frequency at which thBPFO: Ball Pass Frequency Outer: the frequency at which a single
cage will operate. defect in the outer race will be detected.

BSF: Ball Spin Frequency: the frequency at which a single defe®@PFI: Ball Pass Frequency Inner: the frequency at which a single
on a rolling element will be detected. defect in the inner race will be detected.

TABLE 89.
BSSB METRIC FREQUENCY COEFFICIENTS
Bearing Number FTF-Infier BSF BPFO BPFI FTF-O@ter
MM12BS32 0.4460 2.2827 4.9063 6.0937 0.5540
MM15BS35 0.4525 2.6008 5.8825 7.1175 0.5475
MM17BS47 0.4362 2.1044 5.2349 6.7651 0.5638
MM20BS47 0.4362 2.1044 5.2349 6.7651 0.5638
MM25BS52 0.4423 2.3307 5.7494 7.2506 0.5577
MM25BS62 0.4554 3.0307 7.7410 9.2590 0.5446
MM30BS62 0.4554 3.0307 7.7410 9.2590 0.5446
MM30BS72 0.4569 3.1286 8.2244 9.7756 0.5431
MM35BS72 0.4569 3.1286 8.2244 9.7756 0.5431
MM35BS100 0.4564 3.0983 8.2159 9.7841 0.5436
MM40BS72 0.4569 3.1286 8.2244 9.7756 0.5431
MM40BS90 0.4676 41773 11.2230 12.7770 0.5324
MM40BS90-20 0.4676 4.1767 11.2228 12.7772 0.5324
MM40BS90-23 0.4676 4.1767 11.2200 12.7772 0.5324
MM40BS100 0.4564 3.0983 8.2159 9.7841 0.5436
MM45BS75 0.4605 3.4145 9.2094 10.7906 0.5395
MM45BS100 0.4564 3.0983 8.2159 9.7841 0.5436
MM50BS90 0.4676 41773 11.2230 12.7770 0.5324
MM50BS100 0.4564 3.0983 8.2159 9.7841 0.5436
MM55BS90 0.4676 41773 11.2230 12.7770 0.5324
MM55BS120 0.4644 3.7967 9.7516 11.2484 0.5356
MM60BS120 0.4644 3.7967 9.7516 11.2484 0.5356
MM75BS110 0.4747 5.3492 14.2402 15.7598 0.5253
MM100BS150 0.4790 6.4611 17.7226 19.2774 0.5210
(UFor inner ring rotation.
(2For outer ring rotation.
TABLE 90.
BSSB INCH FREQUENCY COEFFICIENTS
Bearing Number FTF-Infier BSF BPFO BPFI FTF-Oter
MM9306WI2H 0.4362 2.1044 5.2349 6.7651 0.5638
MM9308WI2H 0.4554 3.0307 7.7410 9.2590 0.5446
MM9310WI2H 0.4569 3.1286 8.2244 9.7756 0.5431
MM9311WI3H 0.4605 3.4145 9.2094 10.7906 0.5395
MM9313WI5H 0.4676 41773 11.2230 12.7770 0.5324
MM9316WI3H 0.4747 5.3492 14.2402 15.7598 0.5253
MM9321WI3 0.4794 6.4615 17.7378 19.2622 0.5206
MM9326WI6H 0.4778 6.1209 16.7239 18.2761 0.5222

(LFor inner ring rotation.
(2For outer ring rotation.
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PRECISION TAG DEVIATION
AND RUNOUT CHARTS
TAPERED ROLLER BEARINGS

Bearing tag markings include indication of bearing accuracy,
which can assist with selective assembly and installation. Refer
to diagrams on page 99.

TABLE 91.
METRIC TAG SYSTEM
Class Designation No Deviation Class Designation No. Deviation
Over Incl. Over Incl. Over Incl. Over Incl.
mm in. mm in.
-2 0.000 to -0.002 0.0000 to -0.0001 0.000 to 0.002 0.0000 to 0.0001
-4 -0.002 to -0.004 | -0.0001 to -0.0002 4 0.002 to 0.004 0.0001 to 0.0002
-8 -0.004 to -0.008 | -0.0002 to -0.0003 0.004 to 0.008 0.0002 to 0.0003
-12 -0.008 to -0.012 | -0.0003 to -0.0004 12 0.008 to 0.012 0.0003 to 0.0004
-16 -0.012t0 -0.016 | -0.0004 to -0.0006 16 0.012t0 0.016 | 0.0004 to 0.0006
-20 -0.016 to -0.020 | -0.0006 to -0.0008 20 0.016 to 0.020 0.0006 to 0.0008
-25 -0.020t0 -0.025 | -0.0008 to -0.0010 25 0.020 to 0.025 0.0008 to 0.0010
-30 -0.025t0 -0.030 | -0.0010 to -0.0012 30 0.025 to 0.030 0.0010 to 0.0012
-35 -0.030t0 -0.035 | -0.0012to -0.0014 35 0.030t0 0.035 | 0.0012 to 0.0014
-40 -0.0351t0-0.040 | -0.0014 to -0.0016 40 0.035 to 0.040 0.0014 to 0.0016
-45 -0.040t0 -0.045 | -0.0016 to -0.0018 45 0.040 to 0.045 0.0016 to 0.0018
-50 -0.045t0 -0.050 | -0.0018 to -0.0020 c&B 50 0.045 to 0.050 0.0018 to 0.0020
All -55 -0.050 to -0.055 | -0.0020 to -0.0022 55 0.050t0 0.055 | 0.0020 to 0.0022
-60 -0.055 10 -0.060 | -0.0022 to -0.0024 60 0.055 to 0.060 0.0022 to 0.0024
-65 -0.060 to -0.065 | -0.0024 to -0.0026 65 0.060 to 0.065 0.0024 to 0.0026
-70 -0.065 to -0.070 | -0.0026 to -0.0028 70 0.065 to 0.070 0.0026 to 0.0028
-75 -0.070t0 -0.075 | -0.0028 to -0.0030 75 0.070t0 0.075 | 0.0028 to 0.0030
-80 -0.075t0 -0.080 | -0.0030 to -0.0031 80 0.075 to 0.080 0.0030 to 0.0031
A actual amount 0.0000 to 0.0019 0.00000 to 0.000075
AA actual amount 0.0000 to 0.0010 0.00000 to 0.00004
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PRECISION TAG DEVIATION AND
RUNOUT CHART &ontinued

TABLE 92.
INCH TAG SYSTEM
Class Designation No Deviation Class Designation No. Deviation
Over Incl. Over Incl. Over Incl. Over Incl.
mm in. mm in.
+1 0.000 t0 0.003 | 0.0000 to 0.0001 +1 0.000 t0 0.003 | 0.0000 to 0.0001
+2 0.003 10 0.005 | 0.0001 to 0.0002 +2 0.003 10 0.005 | 0.0001 to 0.0002
+3 0.005 0 0.008 | 0.0002 to 0.0003 +3 0.005 t0 0.008 | 0.0002 to 0.0003
+4 0.008 10 0.010 |  0.0003 to 0.0004 +4 0.008 t0 0.010 | 0.0003 to 0.0004
+5 0.010t00.013 | 0.0004 to 0.0005 +5 0.010t00.013 | 0.0004 to 0.0005
+6 0.013100.015 | 0.0005 to 0.0006 +6 0.01310 0.015 | 0.0005 to 0.0006
+7 0.015t00.018 | 0.0006 to 0.0007 +7 0.015100.018 | 0.0006 to 0.0007
+8 0.018100.020 | 0.0007 to 0.0008 +8 0.018 10 0.020 | 0.0007 to 0.0008
+9 0.020t00.023 | 0.0008 to 0.0009 +9 0.020 t0 0.023 | 0.0008 to 0.0009
+10 0.023100.025 | 0.0009 to 0.0010 +10 0.023100.025 | 0.0009 to 0.0010
+11 0.025100.028 | 0.0010 to 0.0011 +11 0.025100.028 | 0.0010 to 0.0011
+12 0.028100.030 | 0.0011 to 0.0012 +12 0.028 10 0.030 | 0.0011 to 0.0012
+13 0.0301t00.033 | 0.0012 to 0.0013 +13 0.030 10 0.033 | 0.0012 to 0.0013
+14 0.033100.036 | 0.0013 to 0.0014 +14 0.03310 0.036 | 0.0013 to 0.0014
+15 0.036100.038 | 0.0014 to 0.0015 +15 0.036 10 0.038 | 0.0014 to 0.0015
Al +16 0.038100.041 | 0.0015 to 0.0016 3&0 +16 0.038100.041 | 0.0015 to 0.0016
+17 0.041100.043 | 0.0016 to 0.0017 +17 0.0411t00.043 | 0.0016 to 0.0017
+18 0.043100.046 | 0.0017 to 0.0018 +18 0.04310 0.046 | 0.0017 to 0.0018
+19 0.046100.048 | 0.0018 to 0.0019 +19 0.046 10 0.048 | 0.0018 to 0.0019
+20 0.048100.051 | 0.0019 to 0.0020 +20 0.048 10 0.051 | 0.0019 to 0.0020
+21 0.051t00.053 | 0.0020 to 0.0021 +21 0.051t0 0.053 | 0.0020 to 0.0021
+22 0.053100.056 | 0.0021 to 0.0022 +22 0.05310 0.056 | 0.0021 to 0.0022
+23 0.056 10 0.058 | 0.0022 to 0.0023 +23 0.056 10 0.058 | 0.0022 to 0.0023
+24 0.058100.061 | 0.0023 to 0.0024 +24 0.058 t0 0.061 | 0.0023 to 0.0024
+25 0.061100.064 | 0.0024 to 0.0025 +25 0.0611t00.064 | 0.0024 to 0.0025
+26 0.064 10 0.066 | 0.0025 to 0.0026 +26 0.064 10 0.066 | 0.0025 to 0.0026
+27 0.066 10 0.069 | 0.0026 to 0.0027 +27 0.066 10 0.069 | 0.0026 to 0.0027
+28 0.069100.071 | 0.0027 to 0.0028 +28 0.069 10 0.071 | 0.0027 to 0.0028
+29 0.071t00.074 | 0.0028 to 0.0029 +29 0.071t00.074 | 0.0028 to 0.0029
+30 0.074100.076 | 0.0029 to 0.0030 +30 0.07410 0.076 | 0.0029 to 0.0030
00 Act amt. in 0.0000 to 0.0019 0.0000 to 0.000075
000 Act amt. in 0.0000 to0 0.0010 0.000000 to 0.000040
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GEOMETRY FACTORS
TAPERED ROLLER BEARINGS

The tables below list the,G3, G and K factors for tapered roller
bearings covered in this catalog. These constants are used in heat
generation estimates, in uence of application operating speed,
and other calculations relating to the bearing’s internal geometry

details.
TABLE 93. TABLE 94.
TS GEOMETRY FACTORS TSF GEOMETRY FACTORS
Part Number & G & K Part Number & G & K
JP6049-JP6010 0.0240 39.5 2#.5 1.24 2984-2924-B 0.0832 38.2 157 1.69
29585-29520 0.0303 70.3 2\‘4?.8 1.27 JP6049-JP6010-B 0.0240 39.5 22.5 1.24
JLM710949C-JLM710910 0.0273 55\5 #4.5 1.29 3984-3920-B 0.1092 75.2 21,3 1.45
399A-394A 0.0260 56.0 21l4 1.45 482-472-B 0.1083 77.2 23.0 161
JP7049-JP7010 0.0264 51.1 3#.0 1.27 566-563-B 0.1167 101.0 240 1.61
29685-29620 0.0323 77.7 4#.3 1.20 JP7049-JP7010-B 0.0264 51.1 31.0 1.27
34301-34478 0.0297 69.3 2#.0 1.30 33287-33462-B 0.1162 84.2 24.4 1.34
JP8049-JP8010 0.0297 69.7 3#.4 1.29 27690-27620-B 0.1198 98.2 41.8 1.40
JM716649-JM716610 0.0371 1171 3#3.4 131 42350-42587-B 0.1386 130.0 37.2 1.19
497-493 0.0352 104.6 29}3 131 JP8049-JP8010-B 0.0297 69.7 37.4 1.29
JP9049-JP9010 (Call) 83.8 46}1 1.18 JP9049-JB9010-B (Call) 83.8 46.1 1.18
LM718947-LM718910 0.038 124.2 #7.6 1.22 JP10044-JP10010-B 0.0357 1040 40.9 1.24
JP10044-JP10010 0.0357 104/0 4b.9 1.24 683-672-B 0.1056 182.0 37.2 1.24
JM719149-JM719113 0.0410 150\5 3%5.1 1.32 JP10049-JP10010-B 0.0357 104/0 40.9 1.24
JP10049-JP10010 0.0357 104/0 4b.9 1.24 687-672-B 0.1056 182.0 37.2 1.24
52400-52618 0.0450 175.4 41.7 1.23 71450-71750-B 0.1156 269.0 45.7 1.40
JM822049-JM822010 0.0474 191/5 4%5.8 1.18 JP13049-JP13010-B 0.0287 192/2 60.3 1.24
JLM722948-JLM722912 0.0424 161.0 #7.2 1.27 JP14049-JP14010-B 0.0311 2195 68.2 1.16
68462-68712 0.0274 163.1 51.7 1.18 JL730646-JL.730612-B 0.0542 295.2 104.0 1.27
JL724348-JL.724314 0.0432 170.2 #0.6 1.27
JL725346-JL725316 0.045% 186.6 #7.7 1.23
JP13049-JP13010 0.0287 192|2 6b.3 1.24
JP14049-JP14010 0.0311 2195 6?.2 1.16
36690-36620 0.0544 366.1 1#2.0 1.59
JL730646-JL730612 0.0542 295.2 1b4.0 1.27
JP16049-JP16010 0.0346 294/4 liS.O 1.20
JP17049-JP17010 0.0266 339;3 1%17.0 1.27
36990-36920 0.0418 514.8 24}1.0 1.33
JP18049-JP18010 (Call) 369.2 16‘2.0 121
JM736149-JM736110 0.0343 589/4 13{28.0 1.22
87750-87111 0.0318 574.6 1#1.0 1.41
67985-67920 0.0401 819.6 112.0 1.15
543085-543114 0.0311 6085 2:#32.0 1.52
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TABLE 95. TABLE 96.
CROSSED ROLLER GEOMETRY FACTORS HYDRA-RIB GEOMETRY FACTORS
Part Number K Part Number (2] G K
XR496051 0.48 JP5049P-JP5019HR 325 6.4 1.65
JXR637050 0.45 JP5049P-JP5020HR 325 6.4 1.65
JXR678054 0.47 JP5049PH-JP5017HR 325 6.4 1.65
JXR652050 0.46 JP5049PH-JP5020HR 325 6.4 1.65
XR678052 0.47 JP7548P-JP7520HR 60.5 23.3 1.52
JXR699050 0.45 JP7549P-JP7519HR 60.5 23.3 1.52
XR766051 0.45 JP8548-JP8518HR 86.4 15.7 1.56
XR820060 0.46 JP8549P-JP8519HR 86.4 15.7 1.56
XR855053 0.45 JP10048-JP10019HR 106.0 45.5 1.24
XR882055 0.44 JP10048-JP10019HRA 106.0 455 1.24
XR882054 0.44 JP11035-JP11019HR 140.4 56.1 1.63
XR889058 0.44 JP11048-JP11019HR 140.4 56.1 1.63
XR897051 0.43 JP12043P-JP12019HR 172.0 346 1.50
JP12049P-JP12019HR 172.0 3416 1.50
JP13043P-JP13016HR 212.0 39.0 1.50
JP13049P-JP13016HR 212.0 39.0 1.50
JP14043P-JP14019HR 235.0 448 1.40
JP14049P-JP14019HR 235.0 44,8 1.40
JP16043P-JP16019HR 319.0 58.9 1.44
JP16049P-JP16019HR 319.0 58.9 1.44
JP17049P-JP17019HR 365.4 62.9 1.50
JP18049P-JP18019HR 397.8 70.2 1.42
JP20049P-JP20019HR 479.5 140.8 1.46
JP22049E-JP22019HR 588.1 184.9 1.33
JL555235-JL55512HR 1305.0 393.0 1.64
JL555239-JL55512HR 1305.0 393.0 1.64
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RADIAL INTERNAL CLEARANCE
BALL BEARINGS

Deep groove radial type bearings may be matched to various radial
internal clearances to meet speci c design and performance
requirements. The following chart lists the clearance options
available.

Deep groove bearings ordered without a pre x for clearance
speci cation will be supplied with a “P” t (ISO C3) as standard.

TABLE 97.
RADIAL INTERNAL CLEARANCES
Bore No. "H" Fit Snug (C2) "R" Fit Regular (C0) "P" Fit Loose (C3)-Standard "J" Fit Extra-Loose (C4)
um 0.0000 in. um 0.0000 in. um 0.0000 in. um 0.0000 in.
00 3-8 1-3 5-13 2-5 10-20 4-8 18-25 7-10
01 3-10 1-4 5-15 2-6 13-23 5-9 20-30 8-12
02 3-10 1-4 5-15 2-6 13-23 5-9 20-30 8-12
03 3-10 1-4 5-15 2-6 13-23 5-9 20-30 8-12
04 3-10 1-4 8-18 3-7 15-25 6-10 23-33 9-13
05 3-10 1-4 8-18 3-7 15-25 6-10 25-38 10-15
06 3-10 1-4 8-18 3-7 15-25 6-10 25-38 10-15
07 3-10 1-4 8-18 3-7 18-30 7-12 30-43 12-17
08 3-10 1-4 8-18 3-7 18-30 7-12 30-43 12-17
09 3-10 1-4 8-20 3-8 20-33 8-13 33-48 13-19
10 3-10 1-4 8-20 3-8 20-33 8-13 33-48 13-19
11 3-13 1-5 10-25 4-10 25-40 10-16 40-58 16-23
12 3-13 1-5 10-25 4-10 25-40 10-16 40-58 16-23
13 3-13 1-5 10-25 4-10 25-40 10-16 40-58 16-23
14 3-13 1-5 10-25 5-11 28-48 11-19 48-68 19-27
15 3-13 1-5 13-28 5-11 28-48 11-19 48-68 19-27
16 3-13 1-5 13-28 5-11 28-48 11-19 48-68 19-27
17-20 3-15 1-6 13-28 5-13 33-55 13-22 55-80 22-32
21-24 3-15 1-6 18-38 7-15 38-63 15-25 63-93 25-37
25-28 5-20 2-8 20-45 8-18 43-79 17-31 74-127 29-50

Values shown in micrometefsng) anden-thousandths inches (0.0001 in.).

BEARING SPACERS

Spacers are used to increase shaft rigidity, moment stiffness arghaft diameter has been found generally acceptable. For long
decrease de ection. Spacers, mounted between units of a pair afpacers and low speeds, this clearance may be increased to
bearings, are preferably made of alloy steel, hardened and grourgtevent the shaft from disturbing the face parallelism of the spacer.
and should be sturdy in cross section and equal in length. EquEthe spacer outside diameter should match the shaft shoulder
lengths can be produced by grinding the inner-ring spacer andiameter of the bearing.

outer-ring spacer together. It is, importaht that the faces of ,th%he outside diameter of the outer-ring spacers should be about
spacers be square and that their parallelism be the best p035|bI8..025 mm (0.0010 in.) smaller than the minimum bore of the housing.
All corners should be broken to remove sharp edges and burrS'These should have lubricant holes and grooves where necessary
The inside diameter of the inner-ring spacers shouldrdlea  and are usually centrally located.

shatt, but not_be so loose as to make it pos§|ble to m(_)unt and IrgBacer end parallelism should be the same as the parallelism
them eccentrically. For short spacers and high operating Speed{%lerance for the adjacent bearing

clearance of not more than 0.012mm (0.0005 in.) over the maximum '
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BEARING LOCKNUTS AND TORQUE

For hollow shafts:

To position precision bearings on spindle shafts, pretisio
manufactured self-locking bearing locknuts are suggested rather
than the conventional locknuts and lockwashers used for bearingBi=
made to ABEC 1/ISO PO standard class tolerances.

This precision bearing nut incorporates a locking feature in its

APPENDIX

E.gd[(¢ ) (¢- )

I (d2

design. The nut threads deform slightly as the locking SetSCrews ). <olid shafts:

are tightened. This slight deformation creates an interference with
the shaft threads which prevents further rotation of the locknut.

The precision threads of this locknut are cut square with the fac@®,=
to provide the necessary true-running clamping surface against

the inner-ring face of the bearings.

The approximate locknut torque to be used in the application can E
be estimated using the total clamping force (axial) to be applied to =

overcome the shaft/bore t and the bearing preload.

Clamping force,cFcan be determined as below:

=Ip + 1.25¢hax

P

= preload force to be applied on the bearing
(from product tables)

Fmax= Force required to overcome the t resistance

Preload force to be applied on the bearing:

Fp = 3.kt
Fat = Catalog preload force for the selected bearing

TABLE 98.
PRELOAD FACTORS

Preload
Factor §
1.00
1.33
1.50
2.00
1.60
2.40

Bearing
Arrangement

<>
<<>
<>
<<>>
<>

<LL>>

Force required to overcome the shaft/bore t:

Fmax= .d.B.p.u
p = Interface pressure
d = Nominal bearing bore diameter (from product tables)
B = Bearing width
B = Coef cient of friction at shaft/bore interface

] [1_

= Modulus of elasticity of steel (for steel shaft and bearing)
Diametral interference

di Inner diameter of the hollow shaft

do = 0.06D +s(D.06)d

D = Nominal bearing O.D. diameter (from product tables)
fs = Section factor

TABLE 99.
SECTION FACTORS

d ‘ Section Factorsf
(mm) | 200WI| 300WI 9100WI 9300WI 9100HX 9300HX
10-20 | 130 | 140 127 121 129 127
25-150 | 1.16| 122 112 110 114 110

Estimated locknut torque required to generate the calculated
clamping force:

H
d, tanB3 +(ciosfoc) Hed ¢
P anz) 2
cos

dpt = Pitch diameter of the locknut thread

= Pitch diameter of the locknut thrust face

3 = Thread helix angle

= Half of thread included angf{asually 30°)

k= Coef cient offriction at the thread contact

Kk = ©ef cient of friction at the locknut/bearing interface

238 TIMKER FAFNIR SUPER PRECISION BEARINGS FOR MACHINE TOOL APPLICATIONS CATALOG



APPENDIX
BEARING LOCKNUTS AND TORQUE

LOCKNUT TORQUJE
BALL BEARINGS N

General guidelines for locknut torques are shown in the table below %
for dry thread engagement. Bearing locknuts are to be tightened

using a torque wrench and a two-point locknut wrench or other
suitable torque wrench adapter. \

Reference MIL-B-17931 %

TABLE 100.
LOCKNUT TORQUES
Bearing Bore Locknut Torgée Approximate Clamping Force

mm N/m ft-Ib. kN Ib.

10 14-27 10-20 7.2-14.4 1620-3240
12 14-27 10-20 5.9-11.9 1340-2680
15 14-27 10-20 4.8-9.5 1070-2140
17 14-27 10-20 4.1-8.3 940-1880

20 16-47 12-35 4.2-12.3 950-2770

25 31-68 23-50 6.4-14.1 1450-3170
30 43-81 32-60 7.5-14.1 1690-3710
35 53-95 39-70 7.8-14.0 1750-3140
40 68-108 50-80 8.7-14.0 1970-3140
45 87-122 64-90 9.9-13.9 2220-3120
50 91-136 67-100 9.3-13.9 2090-3120
55 111-169 82-125 10.4-15.7 2330-3540
60 134-203 99-150 11.4-17.3 2560-3880
65 178-237 131-175 13.9-18.6 3130-4190
70 206-271 152-200 14.9-19.7 3360-4430
75 235-339 173-250 16.0-23.2 3610-5220
80 267-373 197-275 17.0-23.8 3840-5350
85 301-441 222-325 18.0-26.4 4060-5940
90 336-508 248-375 19.0-28.8 4280-6480
95 376-576 277-425 20.1-30.9 4520-6950
100 468-644 345-475 23.8-32.8 5360-7380
105 515-746 380-550 25.0-36.1 5620-8120
110 515-746 380-550 23.7-34.4 5340-7740
120 515-746 380-550 21.8-31.5 4900-7080
130 515-746 380-550 20.0-29.1 4510-6540
140 515-746 380-550 18.6-27.0 4190-6070
150 515-746 380-550 17.4-25.2 3910-5660
160 515-746 380-550 16.4-23.7 3680-5330

(spindle bearings only. Contact Timken Engineering for use with tapered roller bearings.
Valid in all preloaded bearing mounting arrangements.
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LUBRICATION SPECIFICATIONS
BALL BEARINGS QUANTITY OF GREASE

Timken suggests and provides the following lubricants and rust 25 percent to 40 percent pack for low to moderate speed
preservatives with their bearings. Equivalents may be substituted. (< 500000 dN).

Note: Rust preservatives are only for temporary storage of the

i . i i 10 percent to 15 percent pack for high speed ( 500000 dN).
bearings prior to installation.

TABLE 101.
PREFERRED LUBRICATION TYPES
Lubrication Code Lubrication FS Speci cation
160 Aeroshell 22 FS381B-P
436 Anticorit L-245XBF FS890
150 Asonic GLY32 FS889
078 Chevron SRI FS545
037 Dow Corning 44 FS137A
125 Ferrocote 5856 BF FS639
181 Ferrocote 5900 FS959
1621) Iso ex NBU 15 FS637
443Y) Iso ex NCA 15 FS905
422 Iso ex SuperLDS18 FS735
115 Iso ex Topas NB52 FS737
149 Iso ex Topas NCA52 FS883
477 Kluberspeed BF72-22 FS934
076 Krytox 240AB FS452
161 Krytox 240AC FS433
— Lubcon L252 FS915
0861) Mobil 28 FS381A
456 Mobilith SHC15 FS919
095 Mobiltemp SHC 32 FS612
801 Petamo GHY133N —
176 Polyrex EM FS615
457 Thermoplex 2MTL FS920
052 Unirex N3 FS118 or FS743
167 Windsow Lube L101 FS179A

(1Common suggestions for spindle grease.
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APPENDIX
LUBRICATION SPECIFICATIONS

Lubrication

e

Example of lubrication
inlet location and direction
of lubrication ow.

TABLE 102.
LUBRICATION INLET LOCATION DIAMETERS
Bore Bore
NoC | 9300 | 9300HX 9100 9100HX 99100 200 300 > | 9300 = 9300HX 9100 9100HX 99100 200 300
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.
0 — | 15037 15077 — — 17683 — 15 | 86444 86.930 97112 OL186 92489 95520  —
— | 0592| 06200 — —| o060 — 34033 34228 38233 35000 36413 37610  —
1 — | 17.043 18.28§ — — 19.4#6 21641 16 | 91.422| 91.930 102.#24 98069 98.577 102387 —
— | 06710 0.720{0 — — O.76FO 0.8520 35993 3.6193 4.02#35 38610 318810 4.0310 —
2 | 19010 20391 21565 — 22479 25705 17 | 98.623 99.162 102324 - 103805 100.245 —
07839 08028 08490  — 08850 10120 38828 39040 40285 - 40868 43010  —
3 | 21920 22377 23.9?7 L 23800 2%.991 27711 18 | 103.335 103.894 lOS.PGG 110617 110371 [116.078 —
08620 08810 09420 — 09870 111020  1.0910 40683 40903 42000 43550 43453 45700  —
4 | 26563 27.254 28448 2896 28143 30201 31313 19 — 108351 113970 — 115824 122961 —
10458 10730 11200 11140 11080 11890 1.2328 — | 42658 44870 —| 45403 48410 —
5 | 30716 32233 33.3?5 33472 33.147 #5.408 38.705 20 — | 116.383 119.7#3 120523 121.445 109.845  —
1.2003| 1.2690 1.31Fo 13060 1.3050 #.3940 1.5238 — | 45820 4.713# 47450 47813 51120  —
6 | 36558 37.246 39.853 30.845 40526 42.180  45.486 21 — — 124866 — | 134640 137312 —
14393 14660 15600 15490 15055 16610  1.7908 — — | 49610, — | 53008 54060  —
7 | 42.743) 43599 45.3@4 45839  46.177 %19.047 51.722 22 — | 125882 132.9$4 135509 144.648 143612 —
16828 17165 1.78%10 17850 1.8180 #.9310 2.0363 — | 49560 5.236¢1 53350 5.6948 56540  —
8 | 48420 48763 50.681 50.825 52413 54915 58.502 24 — 138208 143066 144983 - 156423  —
19063 19108 1.9953 20010 20635 21620 2.3043 — | 54448) 56325 57080 & 61190 —
9 | 51582 54.267 56.5h0 56.185 57.137 $9.920 65.451 26 — — 156.74# — | 160553 162.179 —
2.0308| 2.1365 2.22%8 22120 20495 #.3590 25768 — — 6.1710‘ — | 63210 6380 @ —
10 | 58415 58.783 61514 6L163 62141 64.897 72.32128 | 157.442 160.256 167.005 - 1 1 —
22998 23143 24218 24080 24465 25550 2.8473 6.1985| 63093 65750  — - - —
11 | 64562 64.981 68.3172 69.342  69.300 4(1.780 79.179 30 — | 117387 178.613 — — 198526 —
25418 2.5583 2.69ﬁ8 27800 2[7283 #.8260 3.1173 — | 68453 7.032¢ — —| 78160 —
12 | 60553 70.010 73376 74820 74315 78.638 85974 32 — — |190500 — — — —
27383| 27563 28888 29260 29258 3.09060  3.3848 — — | 75000 — — — —
13 | 74582 75.001 78.3179 79.019  79.294 $5.827 92.895 34 — — 199.744 — — — —
29363 2.9528 3.08#8 31110 3h218 #.3790 3.6573 — — | 7.8640 ‘ — — — —
14 | 81453 81496 85287 8682 86444 90530  99.741 40 — — |2a168]1 — — — —
32068 32085 3.3558 3.3930 34033 3.5640 3.9268 — — | os150, — — — —
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APPENDIX
OPERATING TEMPERATURES FOR BEARING COMPONENT MATERIALS

OPERATING TEMPERATURES FOR
BEARING COMPONENT MATERIALS

These tables provide standard operating temperatures for commairposes only. Other bearing component materials are available on
bearing component materials. They should be used for referend¢gquest. Contact your Timken representative for further information.

Material

Low alloy carbon-

chromium bearing

steels. 52100 and

others per ASTM
A295

Low alloy carbon-

chromium bearing

steels. 52100 and

others per ASTM
A295

Deep hardening
steels for heavy
sections per ASTM
A485

Carburizing steels pe

ASTM A534
a) low alloy 4118,
8X19, 5019, 8620
(Ni-Moly grades)
b) high nickel 3311

Corrosion resistant
440C stainless stee
per ASTM A756

Corrosion resistant
440C stainless stee
per ASTM A756

M-50
medium
high speed

Approximate
Chemical
Analysis %

1C
0.5-1.5Cr
0.35Mn

1c
0.5-1.5Cr
0.35Mn

1C
1-1.8Cr
1-1.5Mn ,06Si

r  Ni-Moly:
0.2C, 0.4-2.0Mn
0.3-0.8Cr, 0-2.0

0-0.3Mo
,0.1C, 1.5Cr,
0.4Mn, 3.5Ni

1C 18Cr

1C 18Cr

4Cr 4Mo
1V 0.8C

TABLE 103.

COMPONENT MATERIAL OPERATING TEMPERATURES

Temp.
F

70

70
350
450

70
450
600

70

70

70
450
600

70
450
600

Hardness
HRC

60

58
55
52

58

58

58
55
52

60
59
57

-73C
-100°F

-54C
-65°F

-17C
0°F

38C
100°F

93C
200°F

12FC
250°F

STANDARD DIMENSIONAL
STABILIZATION

hours at 100°C (212°F). Good
oxidation resistance.

<0.0001 in./in dimensional change in 2

149C
300°F

204C
400°F

500

Heat stabilized per FS136. When given a stabilizing heat trea

A295 steel is suitable for many applications in the 177 -232°C
450 F) range; however, it is not as stable dimensionally as it
temperatures below 177°C (350 )F. If utmost stability is require

materials in the 316°C (600°F) group below.

As heat-treated and tempered, it is stabilized.

Nickel-Moly grades of steel frequentl

used to achieve extra ductility in inne

rings for locking device bearings. 331

and others used for extra-thick-sectio
rings.

Excellent corrosion resistance.

=

260C
500 F

316C
600°F

37EC
700°F

427C
800°F

tment,
(350-
is at

2d, use

As heat stabilized for maximum hardness at high temperatures (FS238). Good
oxidation resistance at higher temperatures. Note load capacity drops off more

rapidly at higher temperatures than M50 shown below, which should be cons

if loads are high.

Suggested where stable high hardness at elevated temperature is required.

dered

Bearings have been made of special material for operation at temperatures above 427 C (800 F). Consult your Timken representative regarding the application.

Note: ASTM A295 bearing steels are suitable for many applications up to 212 C (413 F) but are not as dimensionally stable as they are at the temperatures below 100°C (212°F).
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OPERATING TEMPERATURES FOR BEARING COMPONENT MATERIA

TABLE 104.
CAGE, SHIELD AND SEAL OPERATING TEMPERATURES
| 4c | -17c| 38 C| 93 d 149 |c 204 C 260 C 316 C [371 C 427 C
| 65F | 0OF | 100 F| 200 F 300 |F 400 F 500 F 600 F | 700 F 800 F

CAGES
Molded 6/6 Nylon (PRB)

Molded 6/6 Fiberglass
Reinforced Nylon (PRC/PRL)

Phenolic Resin Laminate
Low Carbon Pressed Steel
Pressed Stainless Steel
Machined Bronze
Machined Iron-Silicon Bronze
Machined Steel

SHIELDS
Low Carbon Steel
Stainless Steel
Nylon

SEALS
Buna N
Polyacrylic
Fluoroelastomer
Stabilized TFE Fluorocarion
TFE Fluorocarb@h(with glass fabric)

(ILimited life above these temperatures.
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CONVERSION TABLES

CONVERSION TABLES

TABLE 105. TO CONVERT FROM TO MULTIPLY
VISCOSITY CONVERSION TABLE

Acceleration
foot/secon@ - meter/second- -+ M/ 0.3048
SUS R” E cSt inch/secon@- -« - -ooveein meter/second- -+ M/ 0.0254
Saybolt Redwood Engler Centistokes
(sec.) (sec.) (deg.) (mm2/s)
{1016 22N R MR 0.09290304
35 32.2 1.18 2.7 inch? AR eenenenns 0.00064516
40 36.2 1.32 4.3 inch2 - e lHMEtER - e mne -
45 40.6 1.46 5.9 yarc?
50 44.9 1.60 7.4 mile2(U.S. statute). . .......... MeteR- -+
gg ggé i;g 18694 Bending Moment or Torque
65 57.9 202 18 dyne—centlmeter .............. newton-meter.......... N-m........ 0.0000001
kilogram-force-meter.......... newton-meter.......... N-m......... 9.806650
70 62.3 2.15 131 pound-force-inch............. newton-meter.......... N-m........ 0.1129848
75 67.6 2.31 14.5 pound-force-foot ............. newton-meter.......... N-m......... 1.355818
80 71.0 2.42 15.8
85 75.1 2.55 17.0 _ ~ Energy
90 79.6 2.68 18.2 BTU (International Table). ... .. joule ... N 1055.056
95 84.2 281 19.4 fc_)ot—pound—force ............. jaule...... RERREERRPR S VI 1.355818
100 88.4 2095 20.6 kilowatt-hour. . .. ................ megajaule. . ...... MI...o.o 3.6
110 97.1 3.21 23.0 Force
120 105.9 3.49 25.0 kilogram-force. . .............. Newton. ............... [N 9.806650
130 114.8 3.77 275 kilopound-force. .............. newton................ N 9.806650
140 123.6 4.04 29.8 pound-force (Ibf avoirdupois) .. newton. ............... [\ 4.448222
150 132.4 4.32 32.1
160 141.1 459 34.3 Length
170 150'0 4.88 36.5 fathom...................... meter................. 1 PR 1.8288
. : . foot.........ooooiiiiit meter................. Mo 0.3048
180 158.8 5.15 38.8 inch.............ooonl millimeter.............. mm............. 25.4
190 167.5 5.44 41.0 microinch. ......... ... ... ... ... micrameter. . .. .. oM. 0.0254
200 176.4 5.72 43.2 micron (UmM). ... millimeter.............. mm........... 0.0010
220 194.0 6.28 47.5 mile (U.S. statute)............ meter................. M. 1609.344
240 212 6.85 51.9 yard. ... meter........... Mo 0.9144
260 229 7.38 56.5 nautical mile (UK) ............ meter................. Moo 1853.18
280 247 7.95 60.5
300 265 8.51 64.9 kilogram-force-secoriimeter Mass
325 287 9.24 70.3 (Mass). . ..o kilogram........ kg .......... 9.806650
350 309 9.95 75.8 kilogram-mass ............... kilogram............... kg ..o 1.0
375 331 10.7 81.2 pound-mass (Ibm avoirdupois). kilogram............... kg ......... 0.4535924
400 353 114 86.8 ton (long, 2240 Ibm). ......... kilogram............... kg .......... 1016.047
425 375 12.1 92.0 ton (short, 2000 Ibm).........] kilogram. . ............. kG ..ooonn... 907.1847
450 397 12.8 97.4 TONN. ..o kilogram........ kg .......... 1000.000
475 419 135 103
500 441 14.2 108 BTU (International Table)/hour wattpower W, 0.293071
2(5)8 ggg 1?2 iég BTU (International Table)/minutewatt. .................. W........... 17.58427
650 573 185 141 gc;rae;t)ﬁwer (ShSO ft Ib{//s).l. . t . .k||owat§t ............... \kl:/N .......... 277451%28
700 617 19.9 150 (thermochemical)/minute. . . . . watt ... W .
750 661 21.3 163 Pressure or Stress (Force/Area)
800 705 227 173 newton/meted -« eoenn pascal ................ Pa........... 1.,0000
850 749 24.2 184 kilogram-force/centimet@r- - -- - - | pascal ................ Pa.......... 98066.50
900 793 25.6 195 k?logram—force/mggér ------------- pascal................. Pa.......... 9.806650
950 837 27.0 206 kllogﬁrp—for(/:fe/gllllmetér """" pasca: ----------------- Ea ---------- f?ggggg
pound-force/foct---- -+ pascal.................E - .
1(2)88 f(?528 %ii 22%53 pound-force/incA(psi). ......... megapascal........... MPa..... 0.006894757
1400 1234 39.8 302 Temperature
1600 1411 45.5 347 degree Celsius............... kelvin................. Koooo. tk=t+273.15
1800 1587 51 390 degree Fahrenheit............ kelvin................. k... k =59 (t + 459.67)
2000 1763 57 433 degree Fahrenheit. . .......... Celsius. ............... C...... te =59 (- 32)
2500 2204 71 542 .
3000 2646 85 650 ooy Velocity
oot/minute. . ................. meter/second . ......... mis.......... 0.00508
3500 3087 99 758 foot/second .................\ meter/second . ......... mis........... 0.3048
4000 3526 114 867 inch/second. ................. meter/second . ......... mis........... 0.0254
4500 3967 128 974 kilometer/hour. ............... meter/second . ......... mis.......... 0.27778
5000 4408 142 1082 mile/hour (U.S. statute). .. ..... meter/second. . ......... ms.......... 0.44704
5500 4849 156 1150 mile/hour (U.S. statute). ....... kilometer/hour. ......... km/h........ 1.609344
6000 5290 170 1300 Volume
6500 5730 165 MO0 e meteh o .....0021605
gallon (U.S. liquid). . .......... liter ... 3.785412
7500 6612 213 1630 iter. ... meted ... e 0.001
8000 7053 227 1740 INCH® ... meteP ................ me ... 0.00001638706
8500 7494 242 1850 inch® ... centimete? ............ cmd L 16.38706
9000 7934 256 1960 inch® ... millimete? ............ me o 16387.06
9500 8375 270 2070 ounce (U.S. uid)............. centimete? ............ cmd L 29.57353
10000 8816 284 2200 yard Lo meteB ................ m o 0.7645549
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