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This is SKF

From one simple but inspired solution to a mis-
alignment problem in a textile mill in Sweden,
and fifteen employees in 1907, SKF has grown
to become a global industrial knowledge leader.
Over the years, we have built on our expertise in
bearings, extending it to seals, mechatronics,
services and lubrication systems. Our know-
ledge network includes 46 000 employees,

15 000 distributor partners, offices in more
than 130 countries, and a growing number of
SKF Solution Factory sites around the world.

Research and development

We have hands-on experience in over forty
industries based on our employees’ knowledge
of real life conditions. In addition, our world-
leading experts and university partners pioneer
advanced theoretical research and development
in areas including tribology, condition monitor-
ing, asset management and bearing life theory.
Our ongoing commitment to research and
development helps us keep our customers at
the forefront of their industries.

SKF Solution Factory
makes SKF knowledge
and manufacturing
expertise available locally
to provide unigue solu-
tions and services to our
customers.
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Meeting the toughest challenges

Our network of knowledge and experience,
along with our understanding of how our core
technologies can be combined, helps us create
innovative solutions that meet the toughest of
challenges. We work closely with our customers
throughout the asset life cycle, helping them to
profitably and responsibly grow their businesses.

Working for a sustainable future

Since 2005, SKF has worked to reduce the
negative environmental impact from our oper-
ations and those of our suppliers. Our continu-
ing technology development resulted in the
introduction of the SKF BeyondZero portfolio of
products and services which improve efficiency
and reduce energy losses, as well as enable new
technologies harnessing wind, solar and ocean
power. This combined approach helps reduce
the environmental impact both in our oper-
ations and our customers’ operations.

Working with SKF IT and
logistics systems and
application experts, SKF
Authorized Distributors
deliver a valuable mix of
product and application
knowledge to customers
worldwide.
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SKF - the knowledge
engineering company

Our knowledge
— your success
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Working closely with you

Our objective is to help our customers improve
productivity, minimize maintenance, achieve
higher energy and resource efficiency, and opti-
mize designs for long service life and reliability.

Innovative solutions

Whether the application is linear or rotary or a
combination, SKF engineers can work with you
at each stage of the asset life cycle to improve
machine performance by looking at the entire

0
Perate and monitor

application. This approach doesn't just focus on
individual components like bearings or seals. It
looks at the whole application to see how each
component interacts with each other.

Design optimization and verification

SKF can work with you to optimize current or
new designs with proprietary 3-D modelling
software that can also be used as a virtual test
rig to confirm the integrity of the design.
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Bearings

SKF is the world leader in the design, development
and manufacture of high performance rolling bearings,
plain bearings, bearing units and housings.

Machinery maintenance

Condition monitoring technologies and maintenance
services from SKF can help minimize unplanned down-
time, improve operational efficiency and reduce main-
tenance costs.

Sealing solutions

SKF offers standard seals and custom engineered seal-
ing solutions to increase uptime, improve machine reli-
ability, reduce friction and power losses, and extend
lubricant life.

Mechatronics

SKF fly-by-wire systems for aircraft and drive-by-wire
systems for off-road, agricultural and forklift applica-
tions replace heavy, grease or oil consuming mechanical
and hydraulic systems.

Lubrication solutions

From specialized lubricants to state-of-the-art
lubrication systems and lubrication management
services, lubrication solutions from SKF can help to
reduce lubrication related downtime and lubricant
consumption.

Actuation and motion control

With a wide assortment of products — from actuators
and ball screws to profile rail guides — SKF can work
with you to solve your most pressing linear system
challenges.



Unit conversions

Unit conversions

Quantity Unit Conversion
Length inch 1mm 0.03937 in. 1in. 25,40 mm
foot 1m 3.281 ft. 1 ft. 0,3048 m
yard 1m 1.094 yd. 1yd. 09144 m
mile 1 km 0.6214 mi. 1 mi. 1,609 km
Area square inch 1 mm?2 0.00155 sg-in 1sg-in 645,16 mm?
square foot 1m?2 10.76 sq-ft 1 sqg-ft 0,0929 m2
Volume cubicinch 1cm3 0.061 cu-in 1 cu-in 16,387 cm3
cubic foot 1m3 35 cu-ft 1 cu-ft 0,02832 m3
imperial gallon 11 0.22 gallon 1 gallon 4,5461 |
US gallon 11 0.2642 US gallon 1 US gallon 3,78541
Speed, foot per second 1m/s 3.28ft/s 1 ft/s 0,30480m/s
velocity mile per hour 1km/h 0.6214 mph 1 mph 1,609 km/h
Mass ounce 1g 0.03527 oz. 1oz 28,350¢g
pound 1kg 2.205 lb. 11b. 0,45359 kg
short ton 1 tonne 1.1023 short ton 1 short ton 0,90719 tonne
long ton 1tonne  0.9842 long ton 1 long ton 1,0161 tonne
Density pound per cubic inch 1g/cm3  0.0361 lb/cu-in 1 Ib/cu-in 27,680 g/cm3
Force pound-force 1N 0.225 [bf. 1 Ibf. 4,482 N
Pressure, pounds per square inch 1 MPa 145 psi 1 psi 6,8948 x 103 Pa
stress 1N/mm2 145 psi
1 bar 14.5 psi 1 psi 0,068948 bar
Moment pound-force inch 1Nm 8.85 Ibf-in 1 Ibf-in 0,113 Nm
Power foot-pound per second 1w 0.7376 ft-1bf/s 1 ft-1bf/s 1,3558 W
horsepower 1kW 1.36 hp 1hp 0,736 kW
Temperature  degree Celsius  tc=0.555 (tr—32) Fahrenheit tr=1,8tc+32
10 alkF



Foreword

This catalogue contains the standard assort-
ment of SKF super-precision bearings typically
used in machine tool applications. To provide
the highest levels of quality and customer ser-
vice, these products are available worldwide
through SKF sales channels. For information
about lead times and deliveries, contact your
local SKF representative or SKF Authorized
Distributor.

The data in this catalogue reflect SKF's
state-of-the-art technology and production
capabilities as of 2013. The data contained
within may differ from that shown in earlier
catalogues because of redesign, technological
developments, or revised calculation methods.
SKF reserves the right to continually improve
its products with respect to materials, design
and manufacturing methods, some of which
are driven by technological developments.

Getting started

This catalogue is divided into nine main chap-
ters, marked with numbered blue tabs in the
right margin:

e Chapter 1 provides design and application
recommendations.

e Chapters 2 to 6 describe the various bearing
types. Each chapter contains descriptions of
the products, and product tables listing data
for selecting a bearing and designing the
bearing arrangement.

e Chapter 7 contains information about preci-
sion lock nuts.

e Chapter 8 presents special gauges.

e Chapter 9 contains indexes to quickly retrieve

information about a specific product or topic.

akF

The latest developments

Compared to the previous catalogue, nearly
each and every bearing has been redesigned to
meet increasing application requirements.
Many sizes and variants have been added to
the assortment. The main content updates
include:

More angular contact ball bearing sizes

Angular contact ball bearings in the 18 dimen-
sion series are included for the first time. In
the other dimension series, several sizes have
been added to both ends of the size range. The
number of sealed bearings is about three times
the number in the previous catalogue and also
the number of hybrid bearings has been
increased.

New super-precision angular
contact ball bearings in the
18 dimension series

11



Foreword

More angular contact ball bearing variants

Angular contact ball bearings offer more
choice:

e variants for direct oil-air lubrication

e greater variety in preload classes

e bearings with ceramic balls and rings made
of NitroMax steel

New series of double direction angular contact
thrust ball bearings

The previous bearing series 2344(00) has
been replaced by the new BTW series. Bear-
ings in the BTW series accommodate higher
speeds with less friction, have a lower weight
and are easier to mount.

Axial-radial cylindrical roller bearings
Axial-radial cylindrical roller bearings have
been added to the catalogue. These bearings
are commonly used to support rotary tables,
indexing heads and multi-spindle heads on
machining centres.

Bearings with PEEK cages

Cages made of reinforced PEEK enable bear-
ings to accommodate higher speeds and run
more quietly. Many more angular contact ball
bearings and cylindrical roller bearings are
available with cages made of this material.

12

Bearings with ceramic balls and
rings made of NitroMax steel

BTW series bearings replace the
former 2344(00) series

Axial-radial cylindrical
roller bearings

PEEK cages enable higher speeds
and quieter running
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How to use this catalogue

The catalogue is designed so that specific
information can be found quickly. At the front
of the catalogue there is the full table of con-
tents. At the back, there is a product index and
a full text index. Each chapter is clearly marked
by a printed tab with the chapter number.

Identify products

Product designations for SKF super-precision
bearings typically contain information about
the bearing and additional features. To specify
an SKF bearing or to find more information
about it, there are three options:

e Product index
The product index at the end of the catalogue
lists series designations, relates them to the
bearing type and guides the reader to the
relevant product chapter and product table.

e Designation charts
Product designations in each product
chapter are located on the pages preceding
the product tables. These charts identify
commonly used designation prefixes and
suffixes.

e Textindex
The text index at the end of the catalogue
contains designation suffixes in alphabetical
order. They are printed bold for quick
browsing.

Units of measurement

This catalogue is for global use. Therefore, the
units of measurement are in accordance with
ISO 80000-1. Unit conversions can be made
using the conversion table (= page 10). For
easier use, temperature values are provided in
both, °C and °F. Temperature values are typic-
ally rounded. Therefore, the two values do not
always match exactly when using the conver-
sion formula.

akF

N\ 78 J
The product index makes finding information based on a
bearing’s designation easy

4 1\

Designation chart to decode designations

J

Designation suffixes listed in the text index reduce search time
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Foreword

Other SKF products and services

SKF offers a wide range of products, services
and solutions, not presented in this catalogue,
but perhaps needed when using SKF super-
precision bearings. For information about
these products, contact SKF or visit skf.com.
The offer includes:

Lubrication systems

SKF provides a range of automatic lubrication
technologies, each offering a number of im-
portant advantages, from improved production
and reduced total cost of ownership to a
healthier, more environmentally friendly work-
place. SKF can supply spindle lubrication sys-
tems that are suitable for most of the speed
ranges and provides customized multi-point
lubrication systems for linear guides, screw
drives, bearings and auxiliary equipment as
well as automated minimal quantity lubrication
systems for machining processes that reduce
environmental impact and create healthier
work environments.

Coolant pumps

SKF offers a full range of space-saving
centrifugal and screw spindle pumps, each
engineered to provide a reliable and efficient
supply of cooling fluid in specific machine tool
applications. Due to immersed installation,
most of these pumps operate without seals,
reducing maintenance and, ultimately, total
cost of ownership. Available in numerous
designs for various media, flow rates and
operating pressures, these pumps can be pro-
vided with assorted standard drive options and
electrical connection ratings.

14

Lubrication system

Coolant pumps
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Linear motion technologies

By combining competencies in linear motion,
bearings, sealing solutions, lubricants and
lubrication systems with best practices, SKF
offers solutions for linear drive and for guiding
systems, including profile rail guides, precision
rail guides, dovetail slides, standard linear
slides and linear ball bearings. All are designed
for ease of maintenance and reliability.

Linear drives for many machine tool axes
are equipped with ball screws or roller screws.
SKF ball and roller screws provide a fast and
precise linear movement, even under high load
conditions.

Roller screws fitted on machine axes provide
the unique advantages of rapid acceleration,
high linear speed and high load carrying capa-
bility combined with high axial stiffness. Satel-
lite roller screws, which do not have recircula-
tion systems and which do not exhibit friction
between rolling elements, provide higher ac-
curacy when machine tool axes reverse direc-
tion. Roller screws are also available with the
support bearings pre-assembled on a screw
shaft — ready to bolt in place, speeding up and
simplifying assembly and alignment
procedures.

Custom sealing solutions

Decades of experience manufacturing seals,
combined with advanced materials expertise,
has made SKF a leading supplier of standard
and custom-engineered sealing solutions.
These include integrated solutions consisting
of seals and advanced engineered plastic parts,
as well as moulded seals for higher volume
orders and high-performance machined seals
for hydraulic and pneumatic applications like
press-cylinders, valves or clamping devices as
well as for rotary applications like rotary dis-
tributors, joints or indexing tables.

Due to flexible production processes, cus-
tomers can benefit from short delivery times
and just-in-time deliveries for standard and
custom seals. A wide variety of high perform-
ance sealing materials — including hydrolysis-
resistant and/or self-lubricated polyurethanes,
fluoro-carbon-rubbers and different PTFE-
compounds — provides high wear resistance,
long service-life and chemical compatibility
with various machine tool fluids. In addition,
SKF supports customers with on-site solution
analysis and application engineering support.

akF

Linear motion technologies
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Foreword

Spindle condition monitoring

The monitoring of spindle health is crucial to
avoiding machining process disturbances and
unplanned production stops. SKF provides a
complete family of condition monitoring tools
and technologies, from hand-held data collect-
ors and analyzers to online surveillance and
protection systems that provide reliable insight
into machine condition including bearing,
imbalance and lubrication issues.

These systems improve operational
efficiency and reduce costs by eliminating
unplanned downtime and enabling machine
tool operators to schedule maintenance based
on condition rather than time schedules. The
data logging system can be integrated with the
machine’s control system for aligned corrective
actions. For example, the SKF Spindle Assess-
ment Kit is a complete solution for reliable,
simplified, onboard condition monitoring. The
kit includes an SKF Microlog Advisor Pro,
acceleration sensor, laser tachometer, dial
gauge with stand, belt tension gauge and a
software package. SKF assists in the set up of
measuring points on your machine tool spindles
and also offers a consulting service as part of a
service agreement.

Advanced calculation tools

SKF Spindle Simulator is an advanced simu-
lation software program for the analysis of
spindle applications. Based on the SKF Simu-
lator platform and using the same advanced
technology, it has been designed to be excep-
tionally user friendly.

The software is able to simulate the effects
of user-defined speed and temperature distri-
bution on bearing shaft and housing fits and
preload. In addition, at each step of the spindle’s
duty cycle, it analyzes the effect of the external
loads on the shaft and the bearings and delivers
highly accurate information about the contact
for each rolling element in each bearing.

This program supports the analysis of
spindles and contains detailed and up-to-date
models of SKF super-precision bearings.

16
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Spindle condition monitoring

SKF Spindle Simulator
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Principles of bearing selection and application

Selecting super-precision
bearings

A shaft system consists of more than just
bearings. Associated components like the shaft
and housings are integral parts of the overall
system. The lubricant and sealing elements
also play a crucial role. To maximize bearing
performance, the correct amount of an appro-
priate lubricant must be present to reduce
friction in the bearing and protect it from cor-
rosion. Sealing elements are important
because they keep the lubricant in and con-
taminants out of the bearing. This is particu-
larly important since cleanliness has a pro-
found effect on bearing service life. Therefore,
SKF manufactures and sells a wide range of
industrial seals and lubrication systems.

There are a number of factors that go into
the bearing selection process:

e available space

e loads (magnitude and direction)

e precision and stiffness

e speeds

e operating temperature

e vibration levels

e contamination levels

e |ubrication type and method

Once a suitable bearing has been selected,
there are several other factors that need to be
considered:

e suitable form and design of other com-
ponents in the arrangement

e appropriate fits and bearing internal clear-
ance or preload

¢ |ocking devices

e adequate seals

e mounting and dismounting methods

20

When designing an application, every decision
affects the performance, reliability and econ-
omy of the shaft system.

As the leading bearing supplier, SKF manu-
factures a wide assortment of super-precision
bearing types, series, designs, variants and
sizes. The most common of them are intro-
duced under Bearing types and designs.

Under Principles of bearing selection and
application, the designer of a bearing system
can find the necessary basic information, pre-
sented in the order in which it is generally
required. Obviously, it is impossible to include
all the information needed to cover every con-
ceivable application. For this reason, in many
places, reference is made to the SKF applica-
tion engineering service. This technical service
can perform complex calculations, diagnose
and solve bearing performance issues, and
help with the bearing selection process. SKF
also recommends this service to anyone work-
ing to improve the performance of their
application.

The information provided under Principles of
bearing selection and application is general and
applies to most super-precision bearings.
Information specific to one bearing type is pro-
vided in the relevant product chapter.

It should be noted that many of the values
listed in the product tables are rounded.
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Selecting super-precision bearings

Bearing types and designs

SKF’s comprehensive assortment of super-
precision bearings is designed for machine tool
spindles and other applications that require a
high level of running accuracy at high to
extremely high speeds. Each bearing type
incorporates unique features to make it suit- 1
able for specific operating conditions. For
details about the different bearing types, refer
to the relevant product chapter.

Angular contact ball bearings (- page 21)
high-capacity (D design) (1)
high-speed (E design) (2)
high-speed (B design) (3)
all designs in different variants: 2
- for single mounting or matched bearing
sets
— for universal matching or universally
matchable sets
— bearings with steel balls or hybrid
bearings
— open or with seals (3)

Cylindrical roller bearings (= page 21) 4
single row (N design)
- basic design (4)
- high-speed designs (5)
- hybrid bearings
double row (NN design) (6)
— bearings with steel rollers
— hybrid bearings
double row (NNU design) (7)

Double direction angular contact thrust ball
bearings (= page 21)
basic design (BTW series) (8)
— bearings with steel balls
— hybrid bearings
high-speed design (BTM series) (9)
- bearings with steel balls
- hybrid bearings

akF 21



Principles of bearing selection and application
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Axial-radial cylindrical roller bearings
(- page 22)
basic design (NRT series) (10)

Angular contact thrust ball bearings for screw
drives (- page 22)
single direction (BSA and BSD series) (11),
universally matchable for mounting as sets
(12)
- bearings with seals (13)
double direction with seals (BEAS series) (14)
- for bolt mounting (BEAM series) (15)
cartridge units with a flanged housing (FBSA
series) (16)
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Cages

The super-precision bearings shown in this
catalogue all contain a cage. For some special
applications, however, bearings without a cage
(full complement) may be offered. The primary
purposes of a cage are to:

e Separate the rolling elements to reduce the
frictional moment and frictional heat in the
bearing.

o Keep the rolling elements evenly spaced to
optimize load distribution and enable quiet
and uniform operation.

e Guide the rolling elements in the unloaded
zone, to improve the rolling conditions and
to help avoid damaging sliding movements.

e Retain the rolling elements of separable
bearings when one bearing ring is removed
during mounting or dismounting.

Cages are mechanically stressed by frictional,
strain and inertial forces. They can also be
degraded by high temperatures and chemicals
like certain lubricants, lubricant additives or
by-products of their ageing, organic solvents
or coolants. Therefore, both the design and
material of a cage have a significant influence
on the suitability of a rolling bearing for a par-
ticular application. As a result, SKF has devel-
oped a variety of cages, made of different
materials, for different bearing types and
operating conditions.

In each product chapter, information about
standard cages and possible alternatives is
provided. Standard cages are those considered
most suitable for the majority of applications. If
a bearing with a non-standard cage is
required, check availability prior to ordering.
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Basic selection criteria

Bearing selection is paramount when dealing
with machine tool spindles and other applica-
tions that require a high degree of running ac-
curacy at high speeds. The SKF super-preci-
sion bearing assortment comprises different
bearing types, each with features designed to
meet specific application requirements.

Since several factors have to be considered
and weighed when selecting a super-precision
bearing, no general rules can be given. The fol-
lowing factors are the most important to be
considered when selecting a super-precision
bearing:

precision (= page 23)

rigidity (- page 23)

available space (= page 23)
speeds (- page 23)

loads (= page 23)

axial displacement (= page 23)
sealing solutions (- page 23)

The total cost of a shaft system and inventory
considerations can also influence bearing
selection.

Some of the most important criteria to con-
sider when designing a bearing arrangement
are covered in depth in separate sections of
this catalogue. Detailed information on the
individual bearing types, including their char-
acteristics and the available designs, is pro-
vided in each product chapter.

Where demands on precision and productiv-
ity are exceptionally high, it may be necessary
to contact the SKF application engineering ser-
vice. For highly demanding applications, SKF
offers special solutions such as:

e hybrid bearings (= page 23)

e bearings made of NitroMax steel
(= page 23)

e coated bearings
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Principles of bearing selection and application

Precision classes for SKF super-precision bearings are
When dealing with rolling bearings, precisionis listed in table 2.

described by tolerance classes for running ac- Each product chapter provides information
curacy and dimensional accuracy. Table 1 about the tolerance classes to which the bear-
shows a comparison of the tolerance classes ings are manufactured.

used by SKF and different standards
organisations.

Most SKF super-precision bearings are
manufactured to P4A, P4C or SP tolerance
classes. Standard and optional tolerance

Table1
Comparison of the tolerance classes
SKF tolerance ~ Standard tolerance classes in accordance with different standards
class Running accuracy Dimensional accuracy
1501 ANSI/ABMA2) DIN3) 1501 ANSI/ABMA2) DIN3)
P4A 24) ABEC 94 p24) 4 ABEC7 P4
P4 4 ABEC7 P4 4 ABEC7 P4
P5 5 ABEC5 P5 5 ABEC5 P5
P2 2 ABEC9 P2 2 ABEC9 P2
PA9A 2 ABEC9 P2 2 ABEC9 P2
P4C 4 ABEC7 P4 4 ABEC7 P4
SP 4 ABEC7 P4 5 ABEC5 P5
uP>) 2 ABEC9 P2 4 ABEC7 P4
1150 492 or IS0 199
2) ANSI/ABMA Std. 20
3) DIN 620-2 or DIN 620-3
4) d>120 mm = IS0 4 or better, ABEC 7 or better, DIN P4 or better
5) Depending on bearing size, accuracy might be even better.
Table 2
Standard and optional tolerance classes for SKF super-precision bearings
Bearing type Standard Optional

tolerance class

tolerance class

Angular contact ball bearings

Cylindrical roller bearings

Double direction angular contact thrust ball bearings in the BTW series
Double direction angular contact thrust ball bearings in the BTM series
Angular contact thrust ball bearings for screw drives

Axial-radial cylindrical roller bearings?

P4A or P41)
SP

SP

P4C

P4A

PA9A or P21)
uP
up

1) Only for 718 D series

2) Radial run-out equal to or better than P4, axial run-out close to P4. Reduced axial and radial run-out on request.

24
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Running accuracy

The running accuracy of a shaft system
depends on the accuracy of all the components
within the system. Running accuracy of a bear-
ing is mainly affected by the accuracy of the
form and position of the raceways on the bear-
ing rings.

When selecting the appropriate tolerance
class for a particular bearing, the maximum
radial or axial run-out (depending on the bear-
ing type) of the inner ring is usually the deter-
mining factor for most applications.

Diagram 1 compares relative values of the
maximum radial run-out of the inner ring for
different tolerance classes.

Relative radial run-out limits for different tolerance classes

Radial run-out of the inner ring [%]
(Reference bore d = 70 mm)

100

100

80

60

40

204
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Selecting super-precision bearings

Dimensional accuracy

The accuracy of the boundary dimensions of
both a bearing and its mating components is
very important to achieve the appropriate fit.
The fits between the bearing inner ring and
shaft or outer ring and housing influence the
internal clearance or preload of the mounted
bearing.

Cylindrical roller bearings with a tapered
bore have slightly larger permissible dimen-
sional deviations than other types of super-
precision bearings. That is because the
clearance or preload is determined during
mounting, by driving the inner ring up on its
tapered seat.

Diagram 1

P4, P4C, SP P4A, P2, PAA up

Tolerance class
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Principles of bearing selection and application

Rigidity
In machine tool applications, the rigidity of the
spindle is extremely important as the magni-
tude of elastic deformation under load heavily
influences the productivity and accuracy of the
tool. Although bearing stiffness contributes to
system rigidity, there are other influencing fac-
tors including tool overhang as well as the
number and position of the bearings.

Factors that determine bearing stiffness
include:

e The rolling element type
Roller bearings are stiffer than ball bearings.
Ceramic rolling elements are stiffer than
those made of steel.

e The number and size of the rolling
elements
A larger number of smaller diameter rolling
elements increases the degree of stiffness.

e The contact angle
A contact angle close to the load angle
results in a higher degree of stiffness.

e Theinternal design

A close osculation results in a higher degree
of stiffness for angular contact ball bearings.

26

In applications requiring a high degree of radial
rigidity, cylindrical roller bearings are typically
the best option. However, angular contact ball
bearings with a minimal contact angle can also
be used.

In applications where a high degree of axial
rigidity is required, angular contact thrust ball
bearings with a large contact angle are pre-
ferred. Rigidity can be increased by preload,
but this can limit the permissible speed.

For additional information about system
rigidity and bearing stiffness, refer to System
rigidity (= page 26).
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Available space

High-precision applications generally call for
bearings with a low cross-sectional height due
to limited space and high requirements for
rigidity and running accuracy. Bearings with a
low cross-sectional height are able to accom-
modate relatively large-diameter shafts to
provide the necessary rigidity within a rela-
tively small bearing envelope.

Angular contact ball bearings, cylindrical
roller bearings and angular contact thrust ball
bearings commonly used in machine tool appli-
cations are almost exclusively bearings in the
ISO 9 and O diameter series (= fig. 1).

Angular contact ball bearings in the 2 diam-
eter series are rarely used in new designs, but
are still common in existing applications. When
a compact cross section is a key requirement,
angular contact ball bearings in the 8 diameter
series are the preferred solution.

By selecting bearings in the 9 or O diameter
series, it is possible to achieve an optimal bear-
ing arrangement regarding rigidity and load
carrying capacity for a particular application
within the same radial space.

Angular contact thrust ball bearings for
screw drives have larger cross-sectional
heights. Diameter series 2 and 3 are common
for these bearings. The available space is typ-
ically not a major concern, but load carrying
capacity is extremely important.

Selecting super-precision bearings

Fig.1

20 0 == 55 S O 25
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Principles of bearing selection and application

Speeds

The attainable speeds for super-precision
bearings are primarily dependent on bearing
type, design and material, type and magnitude
of load as well as lubricant and lubrication
method. For the permissible speed, operating
temperature is an additional limit.

Super-precision bearing arrangements in
high-speed applications require bearings that
generate the least amount of friction and fric-
tional heat. Super-precision angular contact
ball bearings and cylindrical roller bearings are
best suited for these applications. For
extremely high speeds, hybrid bearings (bear-
ings with ceramic rolling elements) may be
necessary.

When compared to other super-precision
bearing types, angular contact ball bearings
enable the highest speeds. Diagram 2 com-
pares the relative speed capability of SKF
angular contact ball bearings in the different
series. For details about the bearing series,
refer to Designation system on page 28.

Thrust bearings cannot accommodate
speeds as high as radial bearings.

Itis a general rule that a certain loss of
rigidity must be tolerated to attain higher
speeds.

For additional information about attainable
speeds, refer to Speeds (= page 28).
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Selecting super-precision bearings

Diagram 2

Relative speed capability of angular contact ball bearings

Bearing series

719 CE/HCP4A
719 CB/HCP4A
70 CE/HCP4A
719 ACE/HCP4A
719 ACB/HCP4A
70 CB/HCP4A
70 ACE/HCP4A
719 CE/P4A
719 CB/P4A
70 ACB/HCP4A
70 CE/P4A
719 ACE/P4A
718 CD/HCP4
70 CB/P4A
719 CD/HCP4A
719 ACB/P4A
718 ACD/HCP4
70 ACE/P4A
70 ACB/P4A
719 ACD/HCP4A
718 CD/P4

70 CD/HCP4A
72 CD/HCP4A
719 CD/P4A
70 ACD/HCP4A
72 ACD/HCP4A
718 ACD/P4
70 CD/P4A

72 CD/P4A
719 ACD/P4A
70 ACD/P4A
72 ACD/P4A

M IlllﬂlHHHW“WHH"

T T 1
40 60 80 100
Relative speed capability [%]

o —
n
o

AC 25° contact angle
15° contact angle
High-speed B design
High-speed E design
High-capacity D design
C Ceramic balls

T OmmoO
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Principles of bearing selection and application

Loads

When selecting SKF super-precision bearings
for high-speed applications, calculated rating
life (and therefore basic load rating) is typically
not a limiting factor. Other criteria such as
stiffness, size of the required bore in a hollow
shaft, machining speed and accuracy are nor-
mally the decisive factors.

When selecting the bearing type, the magni-
tude and direction of the load play an import-
ant role.

Radial loads

Super-precision cylindrical roller bearings can
accommodate heavier radial loads than same-
size ball bearings. They are incapable of sup-
porting axial loads but can accommodate a
limited amount of axial displacement between
their inner and outer rings because there are
no flanges on either the inner or outer ring,
depending on the specific design.

Axial loads

Double direction angular contact thrust ball
bearings in the BTW and BTM series are
designed to support axial loads only, acting in
either direction. Sets of angular contact ball
bearings are also a viable solution, particularly
in high-speed applications.

For large size bearing arrangements or
those subjected to very heavy axial loads, spe-
cial single direction thrust ball bearings or
cylindrical roller thrust bearings are recom-
mended. For detailed information about these
special bearings, contact the SKF application
engineering service.

To be sure that an axial bearing is only sub-
jected to axial loads, the housing washer
should be mounted with radial clearance.

Combined loads

A combined load consists of a radial and axial
load acting simultaneously (= fig. 2). A very
effective way to accommodate combined loads
is by using bearing types that can accommo-
date both radial and axial loads.

Super-precision bearings with these char-
acteristics include:
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e angular contact ball bearings in the 718,
719,70 and 72 series

e single direction angular contact thrust ball
bearings for screw drives in the BSA and
BSD series

e double direction angular contact thrust ball
bearings for screw drives in the BEAS and
BEAM series

e axial-radial cylindrical roller bearings in the
NRT series

The ability of a bearing to accommodate an
axial or radial load is determined by the contact
angle o (= fig. 2). A bearing with a 0° contact
angle can accommodate pure radial loads only.
As the contact angle increases, the axial load
carrying capacity increases proportionately.
When the contact angle reaches 90°, the bear-
ing becomes a full thrust bearing, capable of
accommodating only axial loads. Speed capabil-
ity, however, is inversely proportional to the
contact angle, meaning that as the contact
angle increases, speed capability decreases.

Axial-radial cylindrical roller bearings
accommodate the axial and radial components
of a combined load with separate rows of roll-
ers perpendicular to each other.

In applications where there are combined
loads with a very heavy axial load component,
the radial and axial loads can be supported by
separate bearings.

Fig. 2
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Axial displacement

In most applications where thermal expansion
and contraction of the shaft must be accom-
modated without inducing an axial load on the
bearings, a locating/non-locating bearing sys-
tem is typically used.

The bearing in the locating position must be
able to locate the shaft axially in both direc-
tions. In machine tool applications, a set of
angular contact ball bearings or a pair of angu-
lar contact thrust ball bearings can be used.

Non-locating bearings must accommodate
thermal expansion and contraction of the
shaft. Cylindrical roller bearings are well
suited for this because they accommodate
shaft movements relative to the housing,
within the bearing (= fig. 3). This enables the
bearing to be mounted with an interference fit
on both the inner and outer rings.

If paired angular contact ball bearings are
used in the non-locating position, either the
inner or outer ring of both bearings must have
a loose fit so that they can slide on the shaft or
in the housing. A loose fit, however, has a
negative effect on system rigidity.

Fig.3
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Principles of bearing selection and application

Sealing solutions

To keep lubricant in and contaminants out of
the bearing, SKF can supply some super-
precision bearings with integral seals:

e non-contact seals (= fig. 4)
e contact seals (= fig. 5)

Sealed bearings can provide cost-effective and
space-saving solutions for many applications.
Sealed bearings include:

e angular contact ball bearings with non-
contact seals

¢ single direction angular contact thrust ball
bearings for screw drives with non-contact
seals

e double direction angular contact thrust ball
bearings for screw drives with contact or
non-contact seals

Bearings sealed on both sides are typically
lubricated for the life of the bearing and should
not be washed. They are filled with the appro-
priate amount of high-quality grease under
clean conditions. They cannot be relubricated
except for certain bearings for screw drives
which are equipped with relubrication features.
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Fig. 4

Fig. 5
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Bearing life and load ratings

In industrial applications, bearing size is usu-
ally determined by its load carrying capacity
relative to the load, required life and required
reliability of the application. For machine tool
applications, bearing size is almost always
determined by other factors such as system
rigidity, fixed dimensions of the spindle as well
as the speed and feed parameters of the
application.

For super-precision bearing arrangements,
determining the actual load is particularly
complex as it involves many influencing fac-
tors. SKF Spindle Simulator is a sophisticated
computer program to analyse statically inde-
terminate spindle bearing systems. It supports
the analysis of spindles and contains detailed
models of super-precision bearings. For add-
itional information, contact the SKF application
engineering service or visit SKF Engineering
Consultancy Services at skf.com.

Dynamic bearing loads and life

The general information about bearing life cal-
culation and basic load ratings provided under
Selecting bearing size in the SKF catalogue
Rolling bearings, or at skf.com, is also valid for
super-precision bearings. It should be noted
that all life calculations based on IS0 281 are
valid for normal speeds. For applications where
the speed factor A > 500 000 mm/min, contact
the SKF application engineering service.

A=nd,

where

A = speed factor [mm/min]

d,, = bearing mean diameter [mm]
=0,5(d+D)

n = rotational speed [r/min]

Rated bearing life can be calculated for fatigue
conditions based on statistical assumptions.
For detailed information, refer to Basic rating
life in the SKF catalogue Rolling bearings, or
visit skf.com.
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Bearing life and load ratings

Basic dynamic load rating

The basic dynamic load rating C is used for life
calculations involving dynamically stressed
bearings, i.e. bearings that rotate under load. It
expresses the bearing load that will result in an
ISO 281 basic rating life L1 of 1 000 000
revolutions. It is assumed that the load is con-
stant in magnitude and direction and is radial
for radial bearings and axial, acting centrically,
for thrust bearings.

Values for the basic dynamic load rating C
are listed in the product tables.

Equivalent dynamic bearing load

To calculate the basic rating life for a bearing
using basic dynamic load ratings, it is neces-
sary to convert the actual dynamic loads into
an equivalent dynamic bearing load. The
equivalent dynamic bearing load P is defined
as a hypothetical load, constant in magnitude
and direction, that acts radially on radial bear-
ings and axially and centrically on thrust bear-
ings. This hypothetical load, when applied,
would have the same influence on bearing life
as the actual loads to which the bearing is
subjected.

Information and data required for calculat-
ing the equivalent dynamic bearing load is pro-
vided in each product chapter.
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Basic rating life

The basic rating life of a bearing in accordance
with IS0 281 is

L
oef8

If the speed is constant, it is often preferable to
calculate the life expressed in operating hours
using

106
Laon = g7 L1o

where
L4g = basic rating life (at 90% reliability)
[million revolutions]
L4gn = basic rating life (at 90% reliability)
[operating hours]
= basic dynamic load rating [kN]
= equivalent dynamic bearing load [kN]
= rotational speed [r/min]
= exponent of the life equation
= 3 for ball bearings
=10/3 for roller bearings

T 3 UTO

Rating life for hybrid bearings
When calculating the rating life for hybrid
bearings, the same life values can be used as
for bearings with steel rolling elements. The
ceramic rolling elements in hybrid bearings are
much harder and stiffer than steel rolling elem-
ents. Although this increased level of hardness
and stiffness creates a higher degree of con-
tact stress between the ceramic rolling elem-
ents and the steel raceway, field experience
and laboratory tests show that the same rating
lives can be used for both bearing types.
Extensive experience and testing show that
in typical machine tool applications, the service
life of a hybrid bearing is significantly longer
than the service life of a bearing with steel roll-
ing elements. The extended service life of
hybrid bearings is due to the hardness, low
density and surface finish of the rolling elem-
ents. Low density minimizes internal loading
from centrifugal and inertial forces while
increased hardness makes the rolling elements
less susceptible to wear. Their surface finish
enables the bearing to optimize the effects of
the lubricant.
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Requisite minimum load

In bearings that operate at high speeds or are
subjected to rapid accelerations or rapid
changes in the direction of load, the inertial
forces of the rolling elements and the friction
in the lubricant can have a detrimental effect
on the rolling conditions in the bearing
arrangement and may cause damaging sliding
movements to occur between the rolling elem-
ents and raceways. To provide satisfactory
operation, rolling bearings must always be
subjected to a given minimum load. A general
“rule of thumb” indicates that minimum loads
of 0,01 C should be imposed on ball bearings
and 0,02 C on roller bearings.
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Calculating life with variable operating
conditions

In some applications, the operating conditions,
such as the magnitude and direction of loads,
speeds, temperatures and lubrication condi-
tions are continually changing. In these types
of applications, bearing life cannot be calcu-
lated without first reducing the load spectrum
or duty cycle of the application to a limited
number of simplified load cases.

In case of continuously changing loads, each
different load level can be accumulated and the
load spectrum reduced to a histogram of con-
stant load blocks (= diagram 3). Each block
should characterize a given percentage or
time-fraction during operation. Note that
heavy and normal loads consume bearing life
at a faster rate than light loads. Therefore, it is
important to have shock and peak loads well
represented in the load diagram, even if the
occurrence of these loads is relatively rare and
limited to a few revolutions.

Within each duty interval, the bearing load
and operating conditions can be averaged to
some constant value. The number of operating
hours or revolutions expected from each duty
interval showing the life fraction required by
that particular load condition should also be
included. Therefore, if N4 equals the number of
revolutions required under the load condition
P4, and N is the expected number of revolu-
tions for the completion of all variable loading
cycles, then the cycle fraction U4 = N¢/Nis
used by the load condition P4, which has a cal-

Histogram of constant load blocks

P

100%
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culated life of L1g4. Under variable operating
conditions, bearing life can be rated using

1
Lio=
L B
Lioas  Lio2 Laos
where
L1o = basic rating life (at 90%
reliability) [million revolutions]
L1041, Lag2, - = basic rating lives (at 90%
reliability) under constant
conditions 1, 2, ... [million
revolutions]
Uq, Uy, . = life cycle fraction under the

conditions 1, 2, ...
Note:Uq + Uy +..+ U, =1
The use of this calculation method depends
very much on the availability of representative
load diagrams for the application. Note that
this type of load history can also be derived
from a similar type of application.

Diagram 3

100%
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Permissible static loads

Very heavy loads or shock loads can perma-
nently deform the raceways or rolling elem-
ents. In the case of super-precision bearing
arrangements, permanent deformation must
not occur. To make sure that static loads do not
lead to permanent deformation, the basic
static load rating of the bearing and equivalent
static bearing load can be compared to deter-
mine if a bearing is at risk of permanent deform-
ation. For very heavily loaded super-precision
angular contact ball bearings, the contact
ellipse truncation should be checked to avoid
edge stress, which also could lead to perman-
ent deformation. For additional information,
contact the SKF application engineering
service.

Basic static load rating
The basic static load rating Cq as defined in
ISO 76 corresponds to a calculated contact
stress at the centre of the most heavily loaded
rolling element / raceway contact. This stress
produces a total permanent deformation of the
rolling element and raceway, which is approxi-
mately 0,0001 of the rolling element diameter.
The loads are purely radial for radial bearings
and axial, centrically acting, for thrust
bearings.

Values for basic static load rating Cq are
listed in the product tables.

Equivalent static bearing load
To compare actual loads with the basic static
load rating, the actual loads must be converted
into an equivalent load. The equivalent static
bearing load Py is defined as that hypothetical
load (radial for radial bearings and axial for
thrust bearings) which, if applied, would cause
the same maximum rolling element load in the
bearing as the actual loads to which the bear-
ing is subjected.

Information and data required for calculat-
ing the equivalent static bearing load are pro-
vided in each product chapter.
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Required basic static load rating

The required basic static load rating Cg, to pro-
tect the bearing from permanent deformation,
can be determined from

C0250 PO

where

Cy = basic static load rating [kN]

P, = equivalent static bearing load [kN]
sg = static safety factor

Guidelines for minimum values:

— 2 for super-precision angular contact
ball bearings with steel balls (including
thrust ball bearings)

— 3 for super-precision cylindrical roller
bearings with steel rollers

— 4 for super precision axial-radial
cylindrical roller bearings

For hybrid bearings, the static safety factor
should be increased by 10%.

For angular contact thrust ball bearings for
screw drives, safety factors down to sg =1 can
be used.
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Friction

Friction in a bearing can be described as the
total resistance to rotation. Contributing fac-
tors include, but are not limited to:

o elastic deformation of the rolling elements
and raceways under load

e speeds

e |ubricant and lubrication method

e sliding friction between the rolling elements
and cage, flanges and guide rings, and
between the seals and their counterfaces

Each of these contributes to the frictional heat
generated by the bearing. The bearing operat-
ing temperature is attained when frictional
heat and heat dissipated by the application are
in balance.

For detailed information about friction in
super-precision bearings, contact the SKF
application engineering service.

Effects of clearance and preload on
friction

High operating temperatures or high speeds
can reduce the internal clearance or increase
the preload in a bearing. Either of these
changes can increase friction. This is particu-
larly important for super-precision bearing
arrangements because they are typically
preloaded and are extremely sensitive to
changes in preload.

For applications that are sensitive to
changes in clearance or preload, contact the
SKF engineering application service.
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Effects of grease fill on friction

During initial start-up, or after relubrication,
the frictional moment of a grease lubricated
bearing can be exceptionally high during the
first few hours or days of operation. This high
initial frictional moment, which can be seen as
a temperature spike, is caused by the uneven
distribution of grease within the bearing free
space.

After a running-in period, the frictional
moment and bearing operating temperature
are typically similar to the values for oil lubri-
cated bearings. Bearings filled with an exces-
sive amount of grease may have higher fric-
tional values.

Frictional behaviour of hybrid bearings

The lower density of silicon nitride rolling elem-
ents, compared with steel, reduces internal
centrifugal forces. This, combined with their
low coefficient of friction, significantly reduces
bearing temperatures at high speeds. Cooler
running extends the service life of both the
bearing and the lubricant.
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Speeds

The maximum speed at which a rolling bearing
can operate is largely determined by its per-
missible operating temperature. The operating
temperature of a bearing depends on the fric-
tional heat generated by the bearing, any
externally applied heat, and the amount of heat
that can be transferred away from the bearing.
Super-precision bearings that generate low
levels of friction are, therefore, best suited for
high-speed applications due to their corres-
ponding low operating temperatures. When
compared to similarly-sized roller bearings,
ball bearings have a lower load carrying cap-
acity but their smaller rolling contact area ena-
bles them to operate at much higher speeds.
However, hybrid bearings provide additional
benefits for all bearing types. Diagram 4 com-
pares the temperature rise in grease lubri-
cated spindles for different bearing types. The
curves for the bearings can be considered rep-
resentative for the whole bearing series.

Guideline values for attainable speeds per
bearing series, are provided in diagram 5
(—> page 38) for oil-air lubrication and in
diagram 6 (— page 38) for grease lubrication.
Both diagrams are based on the speed factor
A. For details about the bearing series, refer to
the designation system of:
e angular contact ball bearings (= page 38)
cylindrical roller bearings (= page 38)
double direction angular contact thrust ball
bearings (- page 38)
angular contact thrust ball bearings for
screw drives (= page 38)

Generally, bearings with a lower cross-sec-
tional height can attain higher speeds because
of the smaller value for mean diameter d,y,.

Permissible speeds

The permissible speed of a bearing depends on
the frictional heat generated by the bearing,

Diagram 4
Temperature rise in grease lubricated spindle bearings
Temperature rise [°C] [°F]
30+ - 55
251 - 45
20 - 35
154 -25
10+ -20
51 -10
/
0 T T T T T T T T T 0
0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0
Speed factor A [106 mm/min]
Angular contact ball bearing Cylindrical roller bearing
7008 CE/HC (high-speed, hybrid, spring preloaded) == NN 3014 KTN
Angular contact ball bearings, back-to-back Angular contact thrust ball bearings
e 571912 ACB/HCDBA (sealed, high-speed, hybrid) e BTW 100
e 7205 CD/DBA (high-capacity) == BTM 100 B
s 71912 CD/DBA (high-capacity, long spacers)
s 7005 CD/HCDBA (high-capacity, hybrid)
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any externally applied heat and the amount of
heat that can be transferred away from the
bearing. In applications where heat dissipation
is not adequate, either because of design con-
siderations or high ambient temperatures,
additional cooling methods might be needed in
order to keep bearing temperatures within a
permissible range.

Cooling can be accomplished through differ-
ent lubrication methods. In oil jet and circulat-
ing oil systems, for example, the oil is filtered
and, if required, cooled before being returned
to the bearing.

The product tables list attainable speeds,
but not speed limits, because the permissible
speed is influenced by factors other than the
bearing.
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Diagram 5

Guideline values for attainable speeds - oil-air lubrication

Angular contact ball bearings
Bearing series

719 CE/HC, 70 CE/HC

719 CE, 70 CE

719 ACE/HC, 70 ACE/HC

719 ACE, 70 ACE

718 CD/HC, 719 CD/HC, 70 CD/HC, 72 CD/HC
718 CD, 719 CD, 70 CD, 72 CD

718 ACD/HC, 719 ACD/HC, 70 ACD/HC, 72 ACD/HC
718 ACD, 719 ACD, 70 ACD, 72 ACD

719 CB/HC, 70 CB/HC

719 CB, 70 CB

719 ACB/HC, 70 ACB/HC

719 ACB, 70 ACB

0 0,5 1,0 1,5 2,0 2,5 30

AC 25° contact angle Speed factor A [106 mm/min]
15° contact angle
High-speed B design
High-speed E design
High-capacity D design
C Ceramic balls

ITOoOmwo

Cylindrical roller bearings
Bearing series

N 10 KPHA/HC5
N 10 KPHA

N 10 KTNHA/HC5
N 10 KTNHA

N 10 KTN/HC5

N 10 KTN

NN 30

NNU 49

T T T T 1
0 0,5 1,0 15 2,0 2,5 30

PHA  Carbon fibre reinforced PEEK cage, Speed factor A [106 mm/min]
outer ring centred

TN PA66 cage, roller centred

TNHA Glass fibre reinforced PEEK cage,
outer ring centred

HC5  Ceramic rollers
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cont. diagram 5

Guideline values for attainable speeds - oil-air lubrication

Double direction angular contact thrust ball bearings
Bearing series

BTM ATN9/HCDB, BTM AM/HCDB
BTM ATN9/DB, BTM AM/DB

BTM BTN9/HCDB, BTM BM/HCDB
BTM BTN9/DB, BTM BM/DB
BTW

1 1 1 1 1

0 0,5 1,0 1,5 2,0 2,5 3,0
A 30° contact angle Speed factor A [106 mm/min]
B £40° contact angle
M Machined brass cage, ball centred
TN9 Glass fibre reinforced PA66 cage, ball centred
HC  Ceramic balls
DB  Back-to-back arrangement

Angular contact thrust ball bearings for screw drives
Bearing series

BSA 2
BSA 3
BSD

1 1 1 1
0 0,5 1,0 1,5 2,0 2,5 3,0
Speed factor A [106 mm/min]
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Diagram 6

Guideline values for attainable speeds — grease lubrication

Angular contact ball bearings
Bearing series

719 CE/HC, 70 CE/HC

719 CE, 70 CE

719 ACE/HC, 70 ACE/HC

719 ACE, 70 ACE

718 CD/HC, 719 CD/HC, 70 CD/HC, 72 CD/HC
718 CD, 719 CD, 70 CD, 72 CD

718 ACD/HC, 719 ACD/HC, 70 ACD/HC, 72 ACD/HC
718 ACD, 719 ACD, 70 ACD, 72 ACD

719 CB/HC, 70 CB/HC

719 CB, 70 CB

719 ACB/HC, 70 ACB/HC

719 ACB, 70 ACB

(Il

1 1 1 1
0,5 1,0 1,5 2,0 2,5 3,0

25° contact angle Speed factor A [106 mm/min]
15° contact angle

High-speed B design

High-speed E design

High-capacity D design

HC Ceramic balls

(==

ommo >
(m]

Cylindrical roller bearings
Bearing series

N 10 KPHA/HC5
N 10 KPHA

N 10 KTNHA/HC5
N 10 KTNHA

N 10 KTN/HC5

N 10 KTN

NN 30

NNU 49

il

1 1 1 1
0,5 1,0 1,5 2,0 2,5 3,0

PHA  Carbon fibre reinforced PEEK cage, Speed factor A [106 mm/min]
outer ring centred

TN PA66 cage, roller centred

TNHA Glass fibre reinforced PEEK cage,
outer ring centred

HC5  Ceramic rollers

o
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Speeds

cont. diagram 6

Guideline values for attainable speeds — grease lubrication

Double direction angular contact thrust ball bearings
Bearing series

BTM ATN9/HCDB, BTM AM/HCDB
BTM ATN9/DB, BTM AM/DB

BTM BTN9/HCDB, BTM BM/HCDB
BTM BTN9/DB, BTM BM/DB
BTW

Ul

1 1 1 1
05 1,0 1,5 2,0 2,5 3,0
A 30° contact angle Speed factor A [106 mm/min]
B 40° contact angle
M Machined brass cage, ball centred
TN9 Glass fibre reinforced PA66 cage, ball centred
HC  Ceramic balls
DB  Back-to-back arrangement

(==

Angular contact thrust ball bearings for screw drives
Bearing series

BSA 2
BSA3

BSD

BEAS 2RZ
BEAS 2RS
BEAM 2RZ
BEAM 2RS
FBSA 2./D..
FBSA 2./Q..

° TI'I'I'“l

1 1 1
1,5 2,0 2,5 3,0
2RS  Contact seal on both sides Speed factor A [106 mm/min]
2RZ  Non-contact seal on both sides
/D Unit with two bearings
/Q Unit with four bearings

o
S
=
o
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Attainable speeds

The attainable speeds listed in the product
tables are guideline values and are valid under
the following conditions:

¢ shaft seat and housing bore machined to the
recommended diameter and geometric tol-
erances (= Recommended shaft and housing
fits, page 44)

e light loads (P < 0,05 ()

e good heat dissipation away from the
bearings

e suitable lubricant and lubrication method

e light spring preload for angular contact ball
bearings

The values listed in the product tables for
grease lubrication can be attained using an
appropriate fill of a suitable, high-quality, soft
consistency grease.

The values listed in the product tables for
oil-air lubrication can be adapted to apply to
other oil lubrication methods. The following
reduction factors should be applied:

e 0,3to 0,4 for oil bath lubrication
e 0,95 for oil mist lubrication

Speeds in excess of the attainable speeds
listed in the product tables can be achieved
when an oil jet circulating oil system with an oil
cooler is used.

For additional information, contact the SKF
application engineering service.

44

Attainable speeds for typical spindle
bearing systems

A typical spindle bearing system, which can
contain various bearing types, comprises a
bearing arrangement on the tool end and
another arrangement on the non-tool end. The
arrangement on the tool end is usually the
critical one. It typically uses larger bearings,
forcing a higher speed factor A. Diagram 7
provides a comparison of possible bearing sys-
tems and their relative speed capability. The
comparison is based on bearings with an

80 mm bore on the tool end and 70 mm bore
on the non-tool end. For details about the
bearing series, refer to the designation system
of:

e angular contact ball bearings (= page 44)

e cylindrical roller bearings (= page 44)

e double direction angular contact thrust ball
bearings (- page 44)
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Diagram 7
Relative speed capability of typical spindle bearing systems
Tool end Non-tool end
NN 3016 KTN + BTW 80 CTN9 NN 3014 KTN —
NN 3016 KTN + BTM 80 BTN9 NN 3014 KTN —
NN 3016 KTN + BTM 80 ATN9 NN 3014 KTN !
NN 3016 KTN + BTM 80 ATN9 N 1014 KTNHA —T
71916 CE/QBCB N 1014 KTNHA — !
71916 ACD/TBTB N 1014 KTN ——
71916 ACD/TBTB 71914 CD/DBA s
71916 ACE/TBTA 71914 CE/DBA ]
71916 ACE/DBA N 1014 KTNHA 1
71916 ACE/DBA 71914 CE/DBA 1
71916 ACE/HCTBTA 71914 CE/HCDBA ]
7016 CD/TBTB NN 3014 KTN — T
7016 CD/TBTB 7014 CD/DBA !
7016 CD/QBCB N 1014 KTNHA —
7016 CE/DBB N 1014 KTNHA ]
7016 CE/QBCB N 1014 KTNHA —
7016 CE/HCDT 7014 CE/HCDT : J
7016 ACD/DBB 7014 CD/DBA -----..--
7016 ACD/TBTB 7014 CD/DBA e
7016 ACE/HCDBA 7014 CD/HCDBA T .
7016 ACE/DBA N 1014 KPHA .
7016 ACE/HCDBA N 1014 KTNHA/HCS T :
7016 ACE/HCDBA N 1014 KPHA/HCS T .
7016 ACE/TBTA 7014 CE/DBA T .
7016 ACE/DBA 7014 CE/DBA
7016 ACE/DBA N 1014 KTNHA T a
20 40 60 80 100

[ Oil lubrication
[0 Grease lubrication

Angular contact ball bearings

AC 25° contact angle

© 15° contact angle

E High-speed E design

D High-capacity D design

HC Ceramic balls

DB Two bearings, back-to-back <>

DT Two bearings, tandem <<

TBT Three bearings, back-to-back and tandem <>>
QBC Four bearings, tandem back-to-back <<>>,
A Light preload

B Moderate preload

akF

Relative speed capability [%)

Cylindrical roller bearings

PHA  Carbon fibre reinforced PEEK cage, outer ring centred
K Tapered bore

TN PA66 cage, roller centred

TNHA Glass fibre reinforced PEEK cage, outer ring centred
HC5  Ceramic rollers

Double direction angular contact thrust ball bearings
A 30° contact angle

B 40° contact angle

C 60° contact angle

TN9 Glass fibre reinforced PA66 cage, ball centred
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Bearing specifics

SKF super-precision bearings are manufac-
tured to several general specifications. Those
specifications concerning dimensions, toler-
ances, preload or clearance and materials are
described in the following. Additional informa-
tion is provided in each product chapter.

Boundary dimensions

Boundary dimensions of SKF super-precision
bearings follow the ISO 15 general plan for
radial rolling bearings, or, in certain circum-
stances, conform to boundary dimensions
accepted by industry.

IS0 15 general plan

The IS0 15 general plan for boundary dimen-
sions of radial bearings contains a progressive
series of standardized outside diameters for
every standard bore diameter, arranged in a
diameter series. Within each diameter series,
different width series have also been
established.

Dimension series are formed by combining
the number for the width series with the num-
ber for the diameter series.

For super-precision bearings, only a limited
number of dimension series are used
(—> table 3).

Specific information about compliance to
dimension standards is provided in each prod-
uct chapter.

Chamfer dimensions

Minimum values for the chamfer dimensions
(— fig. 6) in the radial direction (r4, r3) and the
axial direction (r,, r,) are listed in the product
tables. These values are in accordance with the
general plans of ISO 15, IS0 12043 and
SO 12044,

The appropriate maximum chamfer dimen-
sions are in accordance with ISO 582 and are
listed under Chamfer dimension limits.

Table 3
Diameter and width series for SKF super-precision bearings
1S0 15 dimension series SKF bearing series Bearing type
Diameter series Width series
8 1 718 Angular contact ball bearing
9 1 719 Angular contact ball bearing
4 NNU 49 Double row cylindrical roller bearing
0 1 70 Angular contact ball bearing
1 N 10 Single row cylindrical roller bearing
3 NN 30 Double row cylindrical roller bearing
- BTW Double direction angular contact thrust ball bearing
- BTM Double direction angular contact thrust ball bearing
2 0 72 Angular contact ball bearing
0 BSA 2 Angular contact thrust ball bearing for screw drives
3 0 BSA3 Angular contact thrust ball bearing for screw drives
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Tolerances

SKF super-precision bearings are manufac-
tured to tolerance classes similar to inter-
nationally standardized tolerance classes.
Standards for rolling bearing tolerances are:

e |SO 492 for radial rolling bearings
e |SO 199 for thrust rolling bearings

For available bearing types and tolerance
classes, refer to Precision (- page 47). Actual
tolerance values are listed under Tolerances in
each product chapter.

Tolerance symbols

The tolerance symbols and their definitions are
provided in table 4 (= page 47).

Chamfer dimension limits

The maximum chamfer limits (- fig. 7) for the
relevant minimum chamfer dimensions

(— product tables) are listed in table 5

(— page 47). The values are in accordance
with ISO 582.

Double direction angular contact thrust ball
bearings in the BTM and BTW series and single
direction angular contact thrust ball bearings
for screw drives in the BSA series have the
same maximum chamfer dimensions as radial
bearings.

Fig. 6

akF

Bearing specifics

T1 max

Fig.7

T3 max

T2 max

T4 max
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Table 4
Tolerance symbols
Tolerance symbol Definition
Bore diameter
d Nominal bore diameter
dq Nominal diameter at the theoretical large end of a tapered bore
dg Single bore diameter
dmp 1 Mlean bore diameter; arithmetical mean of the largest and smallest single bore diameters in one
plane

2 Mean diameter at the small end of a tapered bore; arithmetical mean of the largest and smallest
single diameters

Dy Deviation of a single bore diameter from the nominal (Ay, = ds - d)

Bymp Deviation of the mean bore diameter from the nominal (Admp =dp,—d)

Bgimp Deviation of the mean bore diameter at the theoretical large end of a tapered bore from the nominal
(Bdamp = damp = d1)

Vap Bore diameter variation; difference between the largest and smallest single bore diameters in one
plane

Vimp Mean bore diameter variation; difference between the largest and smallest mean bore diameters

Outside diameter

D Nominal outside diameter

D, Single outside diameter

Dimp Mlean outside diameter; arithmetical mean of the largest and smallest single outside diameters in one
plane

Apg Deviation of a single outside diameter from the nominal (Ap, = D - D)

Bpmp Deviation of the mean outside diameter from the nominal (Ap, = Dy — D)

Vop Outside diameter variation; difference between the largest and smallest single outside diameters in
one plane

Vome Mean outside diameter variation; difference between the largest and smallest mean outside diameters

Chamfer limits

i Single chamfer dimension

Taiin Smallest single chamfer dimension of rg, 4, 15, 13, 1 ..
T1,T3 Radial direction chamfer dimensions

T2 Ty Axial direction chamfer dimensions
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Tolerance symbols

Tolerance symbol

Bearing specifics

cont. table 4

Definition

Width or height

B,C Nominal width of an inner ring and outer ring, respectively

BECS Single width of an inner ring and outer ring, respectively

(e Cag Single width of an inner ring and outer ring, respectively, of a bearing specifically manufactured for
paired mounting?)

Dgg, Acs Deviation of a single inner ring width or single outer ring width from the nominal
(Bgs=Bs=B; Acs = C;-C)

Dpig, Dcas Deviation of a single inner ring width or single outer ring width, of a bearing specifically manufactured
for paired mounting?), from the nominal (Agys = Bys — By; Acys = C1o— Cq)

Vs Vs Ring width variation; difference between the largest and smallest single widths of an inner ring and
outer ring, respectively

T Nominal height H of a thrust bearing

2C Total nominal height of outer ring of a thrust bearing

TS Single height

Dy Deviation of the height of a single direction thrust bearing from the nominal

Drpg Deviation of the height of a double direction thrust bearing from the nominal

Hg Single bearing height

Hqg Single cross section height

Ay Deviation of a single bearing height

Dy Deviation of a single cross section height
Running accuracy

(i (Rey Radial run-out of an inner ring and outer ring, respectively, of an assembled bearing

Sq Side face run-out with reference to the bore (of an inner ring)

Sp Outside inclination variation; variation in inclination of the outside cylindrical surface to the outer ring
side face

G5 Axial run-out of an inner ring and outer ring, respectively, of an assembled bearing

S; Thickness variation, measured from the middle of the raceway to the back (seat) face of the shaft
washer (axial run-out)

S, Thickness variation, measured from the middle of the raceway to the back (seat) face of the housing

washer (axial run-out)

1) Does not apply to universally matchable angular contact ball bearings.

akF
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Table 5

Maximum chamfer limits

Minimum  Nominal bearing Maximum chamfer

single bore diameter dimensions

chamfer

dimension

Radial bearings

T's min d . 11,3 2,4
over incl. max.  max.

mm mm mm

0,15 - - 0,3 0,6

0,2 - - 0,5 0,8

0,3 - 40 0,6 1
40 - 08 1

0,6 - 40 1 2
40 = 1,3 2

1 - 50 1,5 3
50 - 19 3

1,1 - 120 2 3,5
120 - 2,5 4

%5 - 120 2,3 4
120 - 3 5

2 - 80 3 4,5
80 220 3,5 5
220 - 3,5 6

2,1 - 280 4 6,5
280 - 4,5 7

2,5 - 100 3,8 6
100 280 4,5 6
280 - 5 7

3 - 280 5 8
280 - 5.5 8

4 - - 6,5 9

5 - - 8 10

6 — = 10 13

[/25) - - 12,5 17
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Preload and internal clearance

Angular contact ball and thrust ball
bearings
SKF super-precision universally matchable
angular contact ball bearings, sets of angular
contact ball bearings and angular contact
thrust ball bearings are manufactured so that
a predetermined amount of preload results
when assembled immediately adjacent to each
other. The preload values listed in the relevant
product chapter represent the axial force
required to press together the rings or wash-
ers of new unmounted bearings.

When mounted, and further when in oper-
ation, the preload will change. The main rea-
sons are:

e Aninterference fit in the housing contracts
the outer ring raceway while an interference
fit on the shaft expands the inner ring
raceway.

e Pressing the inner rings or shaft washers of
bearings or bearing sets against each other
causes deformation of the rings or washers.
Especially when mounted on a solid shaft,
the bore diameter cannot decrease and the
lateral expansion increases preload.

e Differences in thermal expansion of the
bearing rings or washers, and mating com-
ponents typically increase preload in
operation.

For details about the preload in unmounted
bearings and ways to estimate the preload in
operation, refer to the relevant product
chapter.

Cylindrical roller bearings

SKF super-precision cylindrical roller bearings
are manufactured with radial internal clear-
ance. Radial internal clearance is defined as
the total distance through which one bearing
ring can be moved relative to the other in the
radial direction.

Itis necessary to distinguish between initial
internal clearance in the bearing prior to
mounting and operating internal clearance,
which applies to a bearing in operation that has
reached a stable temperature.

In almost all applications, the initial clear-
ance in a bearing is greater than its operating
clearance. The difference can be attributed to
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interference fits on the shaft and/or in the
housing, combined with thermal expansion of
the bearing and mating components. In some
cases, these factors can reduce clearance
enough to create radial preload in the bearing.

For details about the internal clearance in
new bearings prior to mounting and recom-
mendations about clearance or preload in
operation, refer to Radial internal clearance
(= page 51).

Materials

The materials from which bearing components
are made, determine, to a large extent, the
performance and reliability of the bearing. For
the bearing rings and rolling elements, typical
considerations include hardness, fatigue
resistance in the rolling contact area, under
clean or contaminated lubrication conditions,
and the dimensional stability of the bearing
components. For the cage, considerations
include friction, strain, temperatures, inertial
forces, and in some cases, the chemical action
of certain lubricants, lubricant additives, solv-
ents, coolants and refrigerants.

Seals integrated in rolling bearings can also
have a considerable impact on the perfor-
mance and reliability of the bearings. Their
materials must be able to withstand oxidation
(ageing), wear and chemical attack over a wide
temperature range.

SKF has the competence and facilities to
provide a variety of materials, processes and
coatings. Therefore, SKF application engineers
can assist in selecting the bearing, cage and
seal materials that best meet the needs of a
particular application.
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Materials for bearing rings and rolling
elements

Standard bearing steel

The steel used for standard SKF super-preci-
sion bearings is an extremely clean, through-
hardened carbon chromium steel (100Cr6),
containing approximately 1% carbon and 1,5%
chromium, in accordance with ISO 683-17. The
composition of this bearing steel provides an
optimum balance between manufacturing and
application performance. This steel normally
undergoes a martensitic or bainitic heat treat-
ment to obtain a hardness between 58 and

65 HRC.

SKF super-precision bearings are heat sta-
bilized up to 150 °C (300 °F). But other factors
like cage material, seal material or lubricant
might limit the permissible operating
temperature.

For information about material properties,
refer to table 6 (- page 51).
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NitroMax steel (high-nitrogen stainless steel)

NitroMax is a new generation of ultra clean,
high nitrogen stainless steel. When compared
to standard carbon chromium bearing steel
(100Cré6), NitroMax steel provides the
following:

e enhanced fatigue/wear resistance under
poor lubrication conditions (k < 1)

e higher degree of fracture toughness

e superior corrosion resistance

Each of these characteristics is beneficial when
speed is higher than A=1to
1,15 x 106 mm/min.

Enhanced fatigue/wear resistance enables
the bearings to operate longer under all lubri-
cation conditions and particularly those of
thin-film operation that result from kinematic
lubricant starvation at very high speeds.

Increased fracture toughness reduces the
risk of inner ring fracture due to increased ten-

Relative life of hybrid bearings with NitroMax steel rings

Relative bearing life

101 Full-film lubrication conditions

9
8-
7
6
54
4
3
2
14

sile hoop stresses caused by centrifugal forces
when operating at very high speeds.

Compared with bearings made of carbon
chromium steel, this ultra-clean, high nitrogen
content steel can significantly extend bearing
service life when operating under full-film
lubrication conditions (k > 1). Under thin-film
lubrication conditions, this life extending effect
is even more significant (= diagram 8).

NitroMax steel is superior not only to con-
ventional carbon chromium bearing steels but
also to other high-nitrogen stainless steels. To
illustrate why this is the case, it is necessary to
understand the way that nitrogen influences
the microstructure of the steel and how this is
optimized during heat treatment.

When carbon chromium steel is heat
treated, the process produces large, brittle
chromium and chromium-molybdenum car-
bides that deplete the surrounding steel matrix
of chromium and molybdenum, thereby reduc-
ing its corrosion pitting resistance. On the
other hand, when NitroMax steel is hardened

Diagram 8

Thin-film lubrication conditions

0-

100Cré6 NitroMax steel

Relative bearing life =

100Cré6 NitroMax steel

L4q test life for hybrid bearings with NitroMax steel rings

Test conditions:

L4q reference life for hybrid bearings with 200Cré rings

Kk = 2,72 for full-film lubrication conditions
k = 0,1 for thin-film lubrication conditions
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and tempered, small, fine chromium nitrides
are formed (= fig. 8). This occurs because
when the nitrogen partly replaces the carbon
in the steel alloy, a much higher content of
chromium is dissolved in the steel matrix. The
resulting, smaller chromium-depleted zones
around the nitrides make NitroMax steel much
more corrosion resistant (= fig. 9).

The enhanced fatigue strength of NitroMax
steel is associated with its coherent micro-
structure and fine distribution of chromium
nitride precipitates with few, if any, undis-
solved secondary carbides in the microstruc-
ture. The fineness of the NitroMax structure
compares favourably to the standard bearing
steel 100Cr6, which helps in explaining the
superior performance of the NitroMax steel
structure. High impact toughness, dimensional
stability, and hardness (> 58 HRC) result from
the final quenching and tempering stages of
heat treatment.

Another benefit of NitroMax steel is that it
has a lower coefficient of thermal expansion
than 100Cré6. This benefit, when paired with
the extremely low coefficient of thermal
expansion of ceramic rolling elements, used as
standard in SKF bearings with NitroMax steel
rings, enables bearings combining the two
materials to be less sensitive to temperature
differences between the inner and outer rings.
The level of preload therefore remains much
more stable even over the extremes of operat-
ing conditions, resulting in reduced frictional
losses, lower operating temperatures and
extended grease service life.

Fig. 8 ( Fig. 9

100Cré6 NitroMax steel

Nitride

Carbide Cr depleted zone

Cr content of matrix |-| 100Cré6 NitroMax steel

Cr depletion ‘ r
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Ceramics

The ceramic material used for rolling elements
in SKF super-precision bearings is a bearing
grade silicon nitride in accordance with

SO 26602. It consists of fine elongated grains
of beta-silicon nitride in a glassy phase matrix.
It provides a combination of favourable prop-
erties especially for high-speed bearings:

high hardness

high modulus of elasticity

low density

low coefficient of thermal expansion
high electrical resistivity

low dielectric constant

no response to magnetic fields

For information about material properties,
refer to table 6.

Bearings with steel rings and ceramic rolling
elements are called hybrid bearings.

Table 6

Comparison of the material properties of bearing grade silicon nitride and bearing steel 100Cré
Material properties Bearing grade silicon nitride Bearing steel
Mechanical properties
Density [g/cm3] 3,2 79
Hardness 1600HV10 700 HV10
Modulus of elasticity [kN/mm?] 310 210
Thermal expansion [10-6/K] 3 12
Electrical properties (at 1 MHz)
Electrical resistivity [Om] 1012 0,4 x10-6

(Insulator) (Conductor)
Dielectric strength [kV/mm] 15 -
Relative dielectric constant 8 -
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Cage materials

Phenolic resin

Cotton fabric reinforced phenolic resin is a
lightweight material. Cages made of this mater-
ial can withstand heavy inertial forces and
operating temperatures up to 120 °C (250 °F).
The material tends to absorb oil, assisting the
lubrication of the cage / rolling element contact
and providing a safety margin for run down,
should there be an interruption of lubricant
supply.

Cotton fabric reinforced phenolic resin is the
standard cage material for super-precision
angular contact ball bearings.

Polyamide 66
Polyamide 66 (PA66), with or without glass
fibre reinforcement, is characterized by a
favourable combination of strength and elas-
ticity. Due to its excellent sliding properties on
lubricated steel surfaces and the superior fin-
ish of the contact surfaces, PA66 cages reduce
friction, frictional heat and wear. PA66 can be
used at operating temperatures up to 120 °C
(250 °F). However, some synthetic oils and
greases with a synthetic oil base and lubricants
containing EP additives, when used at high
temperatures, can have a detrimental effect on
PA66 cages. For information about the suit-
ability of cages, refer to Cages and Cage mater-
ials in the SKF catalogue Rolling bearings, or
visit skf.com.

PA66 is the standard cage material for many
super-precision cylindrical roller bearings and
angular contact thrust ball bearings.
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Polyetheretherketone

Glass or carbon fibre reinforced polyether-
etherketone (PEEK) is popular for demanding
applications where there are either high
speeds or high temperatures or a need for
chemical resistance. The maximum tempera-
ture for high-speed use is limited to 150 °C
(300 °F) as this is the softening temperature of
the polymer. The material does not show signs
of ageing by temperature or oil additives up to
200 °C (390 °F).

PEEK is the standard cage material for some
super-precision angular contact ball and for
high-speed design cylindrical roller bearings.

Brass

Brass is unaffected by most common bearing
lubricants, including synthetic oils and greases,
and can be cleaned using normal organic solv-
ents. Brass cages can be used at operating
temperatures up to 250 °C (480 °F).

Machined brass cages are used in a number
of super-precision double row cylindrical roller
bearings and double direction angular contact
thrust ball bearings and are standard for large
super-precision angular contact ball bearings
(d>300 mm).

Other cage materials

In addition to the materials described above,
SKF super-precision bearings for special appli-
cations can be fitted with cages made of other
engineered polymers, light alloys or silver-
plated steel. For information about alternative
cage materials, contact the SKF application
engineering service.
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Seal materials

Seals integrated in SKF super-precision bear-
ings are typically made of sheet steel rein-
forced elastomers.

Acrylonitrile-butadiene rubber

Acrylonitrile-butadiene rubber (NBR) is the
“universal” seal material. This copolymer,
manufactured from acrylonitrile and butadi-
ene, has good resistance to the following
media:

e most mineral oils and greases with a mineral
oil base

e normal fuels, such as petrol, diesel and light
heating oils

e animal and vegetable oils and fats

e hot water

The permissible operating temperature range
is—40to +100 °C (=40 to +210 °F). The seal lip
can tolerate dry running within this tempera-
ture range for short periods. Temperatures up
to 120 °C (250 °F) can be tolerated for brief
periods. At higher temperatures, the material
hardens.

Fluoro rubber

Fluoro rubbers (FKM) are characterized by
their high thermal and chemical resistance.
Their resistance to ageing and ozone is very
good and their gas permeability is very low.
They have exceptionally good wear character-
istics even under harsh environmental condi-
tions. The permissible operating temperature
range is =30 to +230 °C (=20 to +445 °F). The
seal lip can tolerate dry running within this
temperature range for short periods.

FKM is resistant to oils and hydraulic fluids,
fuels and lubricants, mineral acids and ali-
phatic as well as aromatic hydrocarbons which
would cause seals made of other materials to
fail. FKM should not be used in the presence of
esters, ethers, ketones, certain amines and hot
anhydrous hydrofluorides.

Seals made of FKM exposed to an open
flame or temperatures above 300 °C (570 °F)
are a health and environmental hazard! They
remain dangerous even after they have cooled.
Read and follow the safety precautions
(= WARNING).
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WARNING: HAZARDOUS FUMES

Safety precautions for fluoro rubber
Fluoro rubber (FKM) is very stable and
harmless up to normal operating temper-

atures of 200 °C (390 °F). However, i
exposed to temperatures above 300

(570 °F), such as fire or the open flame of

a cutting torch, FKM seals give off ha

ous fumes. These fumes can be harmful if

inhaled, as well as if they contact the
In addition, once the seals have been

heated to such temperatures, they are

dangerous to handle even after they
cooled. Therefore, they should never
in contact with the skin.

If it is necessary to handle bearings with

seals that have been subjected to hig

temperatures, such as when dismounting
the bearing, the following safety precau-

tions should be observed:

e Always wear protective goggles, gl

and appropriate breathing apparatus.
e Place all of the remains of the seals in

an airtight plastic container marke
with a symbol for “material will etc
e Follow the safety precautions in th
material safety data sheet (MSDS)

If there is contact with the seals, was

hands with soap and plenty of water and,
if contact has been made with the eyes,
flush the eyes with plenty of water and
consult a doctor immediately. If the fumes

have been inhaled, consult a doctor
immediately.

The user is responsible for the correct
use of the product during its service life

and its proper disposal. SKF takes no

responsibility for the improper handling of

FKM seals, or for any injury resulting
their use.
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Design considerations

The majority of super-precision bearings are
used in machine tool spindles. Most of the
information required when designing a bearing
arrangement for maximum bearing perform-
ance can be found in the following sections.

Bearing arrangements

A bearing system, which is typically used to
support a rotating shaft, generally requires
two bearing arrangements. Depending on the
requirements, such as stiffness or load direc-
tions, a bearing arrangement consists of one or
more (matched) bearings.

Bearing arrangements for heavy loads

Lathe spindles are typically used to cut metals
at relatively slow speeds. Depth of cut and feed
rates are usually pushed to the limit depending
on the required surface finish. In a lathe, power
is normally transmitted to the spindle by a pul-
ley or gears, resulting in heavy radial loads at
the non-tool end. On the tool end of the spin-
dle, where there are heavy combined loads, a
high degree of rigidity and high load carrying
capacity are important operational
requirements.

Belt-driven CNC lathe spindle for large diameter bar stock

Design considerations

In a lathe spindle, it is common to have a
double row cylindrical roller bearing in combin-
ation with a double direction angular contact
thrust ball bearing at the tool end and a double
row cylindrical roller bearing at the non-tool
end (= fig. 10).

The outside diameter of the thrust bearing
housing washer is manufactured to a special
tolerance. This tolerance enables the bearing
to be radially free when mounted in a housing
of appropriate bore diameter tolerance for the
adjacent double row cylindrical roller bearing.
This clearance is sufficient to relieve the thrust
bearing from carrying significant radial load.
This bearing arrangement provides a long cal-
culated life and a high degree of rigidity and
stability, both essential to the manufacture of
good quality workpieces.

A good rule of thumb is to have the distance
between the tool end and non-tool end bearing
centres in the range 3 to 3,5 times the bore
diameter of the bearing(s) at the tool end. This
rule is particularly important when heavy loads
are involved. For additional information, refer
to System rigidity (- page 57).

Fig. 10

NN 3020 KTN9/SP +
BTW 100 CTN9/SP

akF
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Principles of bearing selection and application

Additional arrangements for CNC lathes and
conventional milling machines (= figs. 11 and
12) and live centres (= fig. 13) are provided.

Fig.11
Belt-driven CNC lathe spindle

ﬁ_lf." i

7016 ACD/P4ATBTA NN 3014 KTN/SP
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Fig.12
Conventional milling machine spindle
[ ey ¢
N 1014 KTN/SP + N 1013 KTN/SP
BTM 70 ATN9/HCP4CDBA
Fig.13

Live centre spindle

S IO )
|
bl

NN 3013 KTN/SP 7209 ACD/P4AQBTB
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Principles of bearing selection and application

For applications where available space is
limited, super-precision angular contact ball
bearings in the 718 or 719 series may be more
suitable (= figs. 14 and 15).

Fig. 14

Multispindle drilling head

.

[ [ s &9 5115 & 215 & o1 I 'J.L IU a0 .

71802 ACD/P4QBTA 71802 ACD/P4DBA
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Fig. 15

Unit for detecting defects on silicon wafer chips

571906 CD/P4ADBA
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Principles of bearing selection and application

Bearing arrangements for greater rigidity
and higher speeds

When higher speeds are required, as is the
case for high-speed machining centres (A >

1 200 000 mm/min), there is typically a com-
promise between rigidity and load carrying
capacity. In these applications, the spindle is
usually driven directly by a motor (motorized
spindles or electro-spindles), or through a
coupling. Therefore, there are no radial loads
on the non-tool end as is the case with a belt
driven spindle. Consequently, single row angu-
lar contact ball bearings mounted in sets and
single row cylindrical roller bearings are fre-
guently used (= fig. 16). In this bearing sys-
tem, the tool end bearing set is axially located,
while the cylindrical roller bearing on the non-
tool end accommodates thermal expansion of
the spindle shaft relative to the housing within
the bearing.

Other arrangement examples for spindles in
high-speed machining centres and milling
machines are shown in figs. 17 and 18.

If enhanced performance is required, SKF
recommends using hybrid bearings equipped

Electro-spindle in a horizontal machining centre

with rolling elements made of bearing grade
silicon nitride (Si3N,).

Fig. 16

2 eI
sI=SiI==

il

7014 CE/P4AQBCA

62
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Fig. 17

Spindle in a horizontal machining centre

I e O ——————————————— )
e

u 3 —

71922 CE/P4AQBCA 7015 CD/P4ADBB

Fig. 18

Electro-spindle in a high-speed metal cutting machine

7020 ACB/P4ALDT

7016 ACB/P4AL
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Principles of bearing selection and application

Bearing arrangements for maximum speed

When sets of angular contact ball bearings are
mounted with a fixed preload (without springs),
that preload tends to increase when in service
due to differential thermal expansion. As
speeds rise the significance of this effect tends
to increase.

To avoid the damaging effects of excessive
preload, particularly in exceptionally high
speed applications (A > 2 000 000 mm/min), it
is quite common to use angular contact ball
bearings preloaded by springs (= fig. 19).
Springs control preload independent of the
effects of relative thermal expansion and min-
imize the amount of frictional heat generated
in the bearings.

An even better solution than springs is to
preload angular contact ball bearings with a
hydraulic system. A hydraulic system adjusts
the amount of preload according to the speed
of the spindle to obtain the best combination of
rigidity, frictional heat and bearing service life.

Electro-spindle for an internal grinding machine

2

Fig. 19

lmmmm

71912 CE/P4ADT
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Principles of bearing selection and application

System rigidity

System rigidity in machine tool applications is
extremely important because deflection under
load has a major impact on machining accur-
acy. Bearing stiffness is only one factor that
influences system rigidity. Others include:

shaft stiffness

tool overhang

housing stiffness

number and position of bearings and the
influence of fits

Some general guidelines for designing high-
speed precision applications include:

e Select the largest possible shaft diameter.

e Minimize the distance between the tool end
bearing position and the spindle nose.

e Keep the distance between the two bearing
sets short (= fig. 20). A guideline for the
spacing is:

l=3..3,5d

where

| = distance between the first tool end
bearing row and the rearmost non-tool
end bearing row

d = tool end bearing bore diameter

Diagram 9 provides an overview of the relative
stiffness of different bearing systems. For de-
tails about the bearing series, refer to Designa-
tion system in the relevant product chapter.
The comparison is based on preloaded bear-
ings with 100 mm bore on the tool end and

90 mm bore on the non-tool end. These guide-
line values cannot substitute for precise sys-
tem rigidity calculations. For advanced system
analysis, contact the SKF application engineer-
ing service.

Fig. 20

ST=aP = = an ' e | A Fi b=
i — o
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Design considerations

Diagram 9

Relative stiffness of typical spindle bearing systems

Tool end Non-tool end

NN SUEDRI © (BN 1T EIt NNHOTSIKIN ——————

NN 3020 KTN + BTM 100 BTN9/DBB NN 3018 KTN ! |

NN 3020 KTN + BTM 100 ATN9/DBB NN 3018 KTN 5

NN 3020 KTN + BTM 100 ATN9/DBB N 1018 KTN

7020 CD/QBCB N 1018 KTN

71920 CE/QBCB N 1018 KTNHA :

71920 ACDITETS I ——

71920 ACD/TBTB 71918 CD/DBA

7020 CD/TBTB NN 3018 KTN !

7020 CD/TBTB 7018 CD/DBA 1

7020 ACD/TBTB 7018 CD/DBA

7020 CE/QBCB N 1018 KTNHA

7020 CE/HCDT 7018 CE/HCDT E—‘

7020 ACD/DBB 7018 CD/DBA I L

71920 ACE/HCTBTA 71918 CE/HCDBA

7020 CD/DT 7018 CE/DT

7020 CE/DBB N 1018 KTNHA

71920 ACE/TBTA 71918 CE/DBA

7020 ACE/HCDBA 7018 CD/HCDBA

7020 ACE/HCDBA N 1018 KTNHA/HC5

7020 ACE/TBTA 7018 CE/DBA

71920 ACE/DBA N 1018 KTNHA

71920 ACE/DBA 71918 CE/DBA

7020 ACE/DBA 7018 CE/DBA

7020 ACE/DBA N 1018 KTNHA

U 1 U 1
[IRadial stiffness 0 20 40 60 80 100
B Axial stiffness Relative stiffness [%]

Angular contact ball bearings Cylindrical roller bearings

AC 25° contact angle K Tapered bore

© 15° contact angle TN PA66 cage, roller centred

D High-capacity D design TNHA Glass fibre reinforced PEEK cage, outer ring centred

E High-speed E design HC5  Ceramic rollers

HC  Ceramic balls

DB  Two bearings, back-to-back <> Double direction angular contact thrust ball bearings

DT  Two bearings, tandem << A 30° contact angle

TBT Three bearings, back-to-back and tandem <>> B 40° contact angle

QBC  Four bearings, tandem back-to-back <<>> C 60° contact angle

A Extra light or light preload TN9 Glass fibre reinforced PA66 cage, ball centred

B Light or moderate preload
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Principles of bearing selection and application

Bearing stiffness

The stiffness of a rolling bearing is character-
ized by the magnitude of the elastic deform-
ation (deflection) in the bearing under load. It is
expressed as the ratio of load to deflection and
depends on the bearing type, design and size.
The most important parameters are:

o type of rolling elements; roller bearings have
a higher degree of stiffness than ball
bearintgs because of the contact conditions
between the rolling elements and raceways
rolling element material (= diagram 10)
number and size of rolling elements

contact angle (= diagram 11)

preload class (- diagram 12)

Bearing stiffness can be further enhanced by
applying a preload (- Bearing preload,
page 68). Preloading bearings is standard
practice in machine tool applications.

Aloose fit on a mating component can have
a negative influence on the stiffness of a bear-
ing arrangement. However, a loose housing fit
may be necessary for bearing arrangements

Radial stiffness of spring preloaded bearings

Radial stiffness [N/um]
230

210 1

190

170 1

150

130

110

using angular contact ball bearings in the non-
locating position. Typically the non-locating
bearing position is on the non-tool end of a
spindle shaft and, therefore, the influence on
system rigidity for the tool end is limited. If a
high degree of stiffness is also desired for the
non-tool end, a cylindrical roller bearing with a
tapered bore should be used. This arrange-
ment can accommodate axial displacement of
the spindle shaft relative to the housing within
the bearing and enables an interference fit for
both the inner and outer rings.

Diagram 10

7007 CE/HC (ceramic balls)

7007 CE (steel balls)

90 T T
0 0,5 1,0

68

1,5

T 1
2,5 3,0
Speed factor A [106 mm/min]

2,0
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Design considerations

Diagram 11

Axial displacement of back-to-back bearing sets with different contact angles

Axial displacement [pm]
45 1

40 1
351
30 1
25 1
20 1
15 4

10

1
0 0,4 08 1,2 1,6 2,0
Axial load [kN]

Diagram 12

Axial displacement of back-to-back bearing sets with different preload

Axial displacement [pm)]

707
7010 CD/DBA (extra light preload)
&g 7010 CD/DBB (ight preload)
50 7
407
30 1
204 7010 CD/DBC (moderate preload)
7010 CD/DBD (heavy preload)
10 1
0 T T T 1
0 2 4 [ 8 10
Axial load [kN]
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Principles of bearing selection and application

Radial location of bearings

If the load carrying capacity of a bearing is to
be fully exploited, its rings or washers should
be fully supported around their complete cir-
cumference and across the entire width of the
raceway. The support, which should be firm
and even, can be provided by a cylindrical or
tapered seat, as appropriate or, for thrust
bearing washers, by a flat (plane) support sur-
face. This means that bearing seats should be
manufactured to adequate tolerance classes
and uninterrupted by grooves, holes or other
features, unless the seat is prepared for the oil
injection method. This is particularly important
for super-precision bearings that have rela-
tively thin rings which tend to reproduce the
shape of the shaft or housing seat. In addition,
the bearing rings should be reliably secured to
prevent them from turning on or in their seats
under load.

In general, satisfactory radial location and
adequate support can only be obtained when
the rings are mounted with an appropriate
degree of interference. Inadequately or incor-
rectly secured bearing rings generally cause
damage to the bearing and mating compon-
ents. However, when axial displacement (as
with a non-locating bearing) or easy mounting
and dismounting are required, an interference
fit cannot always be used. In cases where a
loose fit is necessary, but an interference fit
would normally be required, special precau-
tions are necessary to limit the fretting wear
that inevitably results from creep (the bearing
ring turning on its seat). This can be done, for
example, by surface hardening the bearing
seat and abutments.

70

Recommended shaft and housing fits

Diameter tolerances for bearing seats

Shaft and housing seats for super-precision
angular contact ball bearings, cylindrical roller
bearings and double direction angular contact
thrust ball bearings should be manufactured to
the diameter tolerances recommended in:

e table 7 for shaft seat tolerances
e table 8 (- page 70) for housing seat
tolerances

For recommendations for other super-preci-
sion bearings, refer to the relevant section of:

e angular contact thrust ball bearings for
screw drives (= Associated components,
page 70)

e axial-radial cylindrical roller bearings (=
Design considerations, page 70)

Values of appropriate ISO tolerance classes for
super-precision bearings are listed in:

e table 9 (- page 70) for shaft tolerances
e table 10 (= page 70) for housing
tolerances

The location of the commonly used tolerance

classes relative to the bearing bore and outside
diameter surface are shown in fig. 21.
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Table 7
Diameter tolerances for bearing seats on steel shafts
Bearing type Shaft diameter Tolerance class?) Deviations
Bearings to tolerance class

over incl. P4, P4A, P4C, SP P2, PA9A, UP high low

- mm = Hm

Angular contact ball bearings

with rotating outer ring load - 400 hé h3 - -

with rotating inner ring load - 30 - - +1 -3
30 80 - - +2 -3
80 120 - - +3 -3
120 180 - - +4 -4
180 250 - - +5 =5
250 315 - - +6 -6
315 400 = - +6,5 -6,5

Cylindrical roller bearings

with a cylindrical bore - 40 jsk - - -
40 280 k4 - - -
280 500 k&2) - -
500 - Contact the SKF appllcatlon engineering service.

Double direction angular contact

thrust ball bearings - 200 h4 h3 - -

For hollow shafts, when A >1 000 000 mm/min, contact the SKF application engineering service.

1) AlLISO tolerance classes are valid with the envelope requirement (such as h4®) in accordance with IS0 14405-1.

2) General guideline only. SKF recommends contacting the SKF application engineering service.

Fig.21

Loose fit
Transition fit
Interference fit

Mé s

k&

sk I
6 h3 h4 Interference fit
= Transition fit

Loose fit
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Principles of bearing selection and application

Table 8
Diameter tolerances for bearing seats in cast iron and steel housings
Bearing type Conditions Housing bore Tolerance class?) Deviations
Bearings to tolerance class
P4, P4A, P2, PA9A,  high low
over incl. P4C, SP up
— - mm - pm
Angular contact ball Locating bearings, axial - 18 - - +4 -1
bearings displacement of outer 18 30 - - +5 -1
ring unnecessary 30 50 - - +6 -1
50 80 - - +7 -1
80 120 - - +7 -3
120 180 - - +9 -3
180 250 - - +10 —4
250 315 - - +12 —4
315 400 - - +13 -5
400 500 - - +14 -6
Non-locating bearings, - 18 - - +7 +2
axial displacement of 18 30 - - +8 +2
outer ring desirable 30 50 - - +9 +2
50 80 - - +10 +2
80 120 - - +13 +3
120 180 - - +16 +4
180 250 - - +19 +5
250 315 - - +21 +5
315 400 - - +24 +6
400 500 - - +27 +7
Rotating outerring load - 500 M5 M4 - -
Cylindrical roller Light to normal loads - 900 K5 K& - -
bearings (P<0,1C)
Heavy loads - 900 M5 M4 - -
(0,1C<P<0,15C),
rotating outer ring loads
Double direction - 315 K5 Ké - -
angular contact thrust
ball bearings
1) AlLISO tolerance classes are valid with the envelope requirement (such as M4®) in accordance with IS0 14405-1.
alkF
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Table 9

Values of ISO tolerance classes for shafts
Shaft diameter Tolerance classes
d h3® h4® jst® ke ®
Nominal Deviations Deviations Deviations Deviations
over incl. high low high low high low high low
mm pm
- 3 0 -2 0 -3 +1,5 -1,5 +3 0
3 6 0 -2,5 0 4 +2 -2 +5 +1
6 10 0 -2,5 0 4 +2 -2 +5 +1
10 18 0 -3 0 -5 +2,5 -2,5 +6 +1
18 30 0 -4 0 -6 +3 -3 +8 +2
30 50 0 —4 0 -7 +3,5 -3,5 +9 +2
50 80 0 -5 0 -8 +4 -4 +10 +2
80 120 0 -6 0 -10 +5 -5 +13 +3
120 180 0 -8 0 -12 +6 -6 +15 +3
180 250 0 -10 0 14 +7 -7 +18 +4
250 315 0 -12 0 -16 +8 -8 +20 +4
315 400 0 -13 0 -18 +9 -9 +22 +4
400 500 - - - - - - +25 +5

Table 10
Values of IS0 tolerance classes for housings
Housing bore diameter ~ Tolerance classes
D K5® M4® M5@®
Nominal Deviations Deviations Deviations Deviations
over incl. high low high low high low high low
mm pm
10 18 +1 -4 +2 -6 -5 -10 -4 -12
18 30 0 -6 +1 -8 -6 -12 -5 -14
30 50 +1 -6 +2 -9 -6 -13 -5 -16
50 80 +1 -7 +3 -10 -8 -16 -6 -19
80 120 +1 -9 +2 -13 -9 -19 -8 -23
120 180 +1 -11 +3 -15 -11 -23 -9 =27
180 250 0 14 +2 -18 -13 =27 -11 -31
250 315 0 -16 +3 -20 -16 -32 -13 -36
315 400 +1 -17 +3 -22 -16 34 14 -39
400 500 0 -20 +2 -25 -18 -38 -16 -43
500 630 0 -22 0 -32 -26 -48 -26 -58
630 800 0 -25 0 -36 -30 -55 -30 -66
800 1000 0 -28 0 -40 -34 -62 -34 74
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Principles of bearing selection and application

Selecting bearings to achieve preferred fits Table 11
Angular contact ball bearings and cylindrical Preferred shaft fits
roller bearings operating under normal loads . .
Bearing type Bearing bore Interference
and moderate speeds, should be selected to over  incl.
attain the interference/clearance values listed - - .
in:
. Angular contact = 50 Oto2
e table 11 for shaft fits ball bearings 50 80 1to3
. ng fi 80 120 1to4
table 12 for housing fits o Boe
Diameter deviations of the bearings are pro- %gg ggg gigg
vided on the package of super-precision angu- 315 400 3t08

lar contact ball bearings.

For extreme conditions, such as very high
speeds or heavy loads, contact the SKF appli-
cation engineering service.

For double direction angular contact thrust
ball bearings (BTM and BTW series), the out-
side diameter of the housing washer is manu-
factured to tolerances such that sufficient
radial clearance in the housing seat is obtained.
Therefore, for bearings in the BTW and BTM
series mounted adjacent to an appropriate
cylindrical roller bearing in the same housing
seat, tolerances tighter than those recom-
mended in table 8 (= page 74) should not be
used. For additional information, refer to Dou-
ble direction angular contact thrust ball bear-
ings (= page 74).

Table 12

Preferred housing fits

Bearing type Bearing outside Clearance Interference
diameter
over incl. locating non-locating
- mm pm pm
Angular contact ball bearings - 50 2to 6 61010 -
50 80 2to 6 6toll -
80 120 2to7 8to13 -
120 180 2t0 9 10to 16 -
180 250 4t010 12t0 19 -
250 315 4t010 14 to 22 -
315 500 5t012 16 to 25 -
Cylindrical roller bearings - 460 - - Oto2
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Accuracy of seats and abutments

Geometrical and running accuracy

Maximum running accuracy, high speeds and
low operating temperatures can only be
achieved, even with super-precision bearings,
if the mating parts and other associated com-
ponents are made with equal precision as the
bearings. Deviations from geometric form of
associated seats and abutments should there-
fore be kept to a minimum when machining
mating parts. Form and position recommen-
dations in accordance with ISO 1101 are pro-
vided in table 13 (= page 75).

Thin-walled bearing rings adapt themselves
to the form of their seat. Any errors of form on
the shaft or housing seat can therefore affect
the bearing raceways and bearing perform-
ance, e.g. angular misalignment of one bearing
ring relative to the other, can cause loss of
running accuracy, load concentration and high
operating temperatures, particularly at high
speeds.

The numerical values of IT tolerance grades
in accordance with 1ISO 286-1 are listed in
table 14 (— page 75).

Surface roughness

The surface roughness of a bearing seat does
not have the same degree of influence on
bearing performance as the dimensional and
geometrical tolerances of the seat. However,
obtaining a desired interference fit depends on
the roughness of the mating surfaces, which is
directly proportional to fit accuracy. Guideline
values for the mean surface roughness R, are
listed in table 15 (— page 75) for different
bearing tolerance classes. These recommen-
dations apply to ground seats.

akF
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Principles of bearing selection and application

Table 13

Geometrical tolerances for bearing seats on shafts and in housings

a=2°2394"

=

=Z|t|B

Surface Permissible deviations
Characteristic Symbol Tolerance Bearings to tolerance class

zone P4, P4A, P4C, SP P2, PA9A, UP
Cylindrical seat
Total radial run-out 4/ ts IT2/2 IT1/2
Flat abutment
Total axial run-out £/ ty IT1 ITO
Angularity = t, IT3/2 1T2/2

76 akF



Design considerations

Table 14
Values of IS0 tolerance grades
Nominal dimension Tolerance grades
ITO 1T IT2 IT3 IT4 IT5
over incl. max.
mm pm
- 3 0,5 0,8 1,2 2 3 4
3 6 0,6 1 1,5 2,5 4 5
6 10 0,6 1 1,5 2,5 4 6
10 18 0,8 1,2 2 3 5 8
18 30 1 1,5 2,5 4 6 9
30 50 1 1,5 2,5 4 7 11
50 80 1.2 2 3 5 8 13
80 120 1,5 2,5 4 6 10 15
120 180 2 3,5 5 8 12 18
180 250 3 4,5 7 10 14 20
250 315 4 6 8 12 16 23
315 400 5 7 9 13 18 25
400 500 6 8 10 15 20 27
500 630 - 9 11 16 22 32
630 800 - 10 13 18 25 36
800 1000 - 11 15 21 28 40
Table 15

Surface roughness of bearing seats
Seat diameter Recommended R, value for ground seats

Shaft Housing bore

Bearings to tolerance class Bearings to tolerance class

P4, P4A, P4C, SP P2, PA9A, UP P4, P4A, P4C, SP P2, PA9A, UP
over incl. max. max.
mm pm pm
- 80 0,2 0,1 0,4 0,4
80 250 0,4 0,2 0,4 0,4
250 500 0,8 0,4 0,8 0,8
500 800 0,8 08 08 0,8
800 1000 0.8 0.8 1.6 1.6
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Principles of bearing selection and application

Axial location of bearings

In general, an interference fit alone is inad-
equate to locate a bearing ring on a cylindrical
seat. Under load, a bearing ring can creep on
its seat. Some suitable means to secure the
bearing axially is needed.

For a locating bearing, both rings should be
secured axially on both sides.

For non-separable bearings in the non-
locating position, the ring with an interference
fit, typically the inner ring, should be secured
axially on both sides. The other ring must be
free to move axially on its seat to accommo-
date axial displacement.

Cylindrical roller bearings in the non-locat-
ing position are exceptions. The inner and
outer rings of these bearings must be secured
axially in both directions.

In machine tool applications, bearings at the
tool end generally locate the shaft by transmit-
ting the axial load from the shaft to the hous-
ing. In general, then, tool end bearings are
located axially, while non-tool end bearings are
axially free.

Fig. 22

78

Locating methods

Lock nuts

Bearing inner rings that are mounted with an
interference fit typically abut a shoulder on the
shaft on one side. On the opposite side, they
are normally secured by a precision lock nut
(= fig. 22).

Bearings with a tapered bore, mounted
directly on a tapered shaft seat, are generally
retained on the shaft by a spacer seated
against a fixed abutment at the large end of
the taper and a precision lock nut at the small
end of the taper. The spacer width is adjusted
to limit the drive-up distance of the bearing on
its tapered seat.

For detailed information about precision lock
nuts, refer to Precision lock nuts (= page 78).

Spacer sleeves

Instead of integral shaft or housing shoulders,
spacer sleeves or collars can be used between
the bearing rings or between a bearing ring
and an adjacent component (= fig. 23). In
these cases, the dimensional and form toler-
ances for abutments apply.

Fig. 23
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Stepped sleeves

Another way to locate a bearing axially is to use
a stepped sleeve (= fig. 24) with a tight inter-
ference fit on the shaft. These sleeves are par-
ticularly suitable for super-precision bearing
arrangements, as they have very small run-
out and provide superior accuracy compared to
threaded lock nuts. Therefore, stepped sleeves
are typically used in very high-speed spindles
where the accuracy provided by conventional
locking devices may be inadequate.

For detailed information about stepped
sleeves, refer to Stepped sleeves (= page 79).

Fig. 24
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Housing covers

Bearing outer rings that are mounted with an
interference fit typically abut a shoulder in the
housing on one side. On the opposite side, they
are normally located by a housing cover.

Housing covers and their securing screws
can, in some cases, have a negative impact on
bearing form and performance. If the wall
thickness between the bearing seat and the
bolt holes is too small, and/or the bolts are
tightened too much, the outer ring raceway
may deform. Bearings in the lightest I1SO
dimension series 18 and 19 are more suscep-
tible to this than those in the ISO dimension
series 10 or above.

Itis advisable to use a larger number of
small diameter bolts. Using only three or four
bolts should be avoided because a small num-
ber of tightening points may produce lobes in
the housing bore. This can result in noise,
vibration, unstable preload or premature fail-
ure due to load concentrations. For complex
spindle designs where space is limited, only
thin-section bearings and a limited number of
bolts may be possible. In these cases, SKF rec-
ommends an FEM (finite element method)
analysis to accurately predict deformation.

As a guideline to achieve an appropriate
clamping force between the cover spigot end
face and the side face of the bearing outer ring,
the cover spigot length should be adjusted so
that, before the bolts are tightened, the axial
gap between the cover and the housing side
face is between 15 and 20 pm per 200 mm
housing bore diameter (= fig. 25).

Fig. 25

Axial gap
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Principles of bearing selection and application

Stepped sleeves

Stepped sleeves are pressure joints with two
slightly different inside diameters that mate
with a stepped shaft. An interference fit main-
tains the sleeve’s position axially and deter-
mines its axial load carrying capacity. The
stepped design of the fitting surface simplifies
alignment during mounting but also facilitates
dismounting when using the oil injection
method.

Stepped sleeves do not create any stresses
that might reduce the running accuracy of a
shaft, but do enhance shaft stiffness. They are
typically used in very high speed, lightly loaded
applications where there are minimal shock
loads. Compared to threaded lock nuts,
stepped sleeves provide superior mounting ac-
curacy, provided the sleeve and its seats are
manufactured to the appropriate specifica-
tions, and the sleeve is mounted correctly.

SKF does not supply or manufacture stepped
sleeves, but design recommendations and
suitable dimensions are provided on the pages
that follow.

Designs

Stepped sleeves (= fig. 26) can have either a
conventional sleeve form (a) or they can be
ring shaped (b). Ring-shaped stepped sleeves
are typically used in applications where the
sleeve will also be used to form part of a laby-
rinth seal (= Special stepped sleeve designs,
page 80).

In applications where there are relatively
light axial loads, the end of the sleeve with the
smaller diameter can have a loose fit on the
shaft. However, if the oil injection method will
be used to dismount the sleeve, the end of the
sleeve with the loose fit should be sealed with
an 0-ring (c).

80
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Design considerations

Recommended dimensions Thin-walled hollow shafts may deform as a
Recommended dimensions are listed in: result of high contact pressures. Therefore, the
sleeves for these shafts should have a relief
e table 16 (— page 81) for stepped sleeves closest to the bearing to avoid deformation of
(without O-ring) and their seats (bearing the bearing seat. The length of the relief should
arrangement example = fig. 27) be 15 to 20% of the shaft diameter.

e table 17 (— page 81) for stepped sleeves
with O-ring and their seats (bearing
arrangement example —> fig. 28)

When machining bores and shaft seats for
stepped sleeves, it is very important that the
actual degree of interference fit is as close as
possible for both the major and minor diam-
eters. Experience has shown that removal
becomes much more difficult when there is
even a small difference in interference.

Fig. 27

Fig. 28
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Principles of bearing selection and application

Table 16
Recommended dimensions for stepped sleeves and their seats
R
L3 Lo ~—B——
‘ M_0.5 i
[ | 8
[D | P 7
P = s M 4x0,5
1 0,51 i ) 3
“
di| d2 ‘ %» |-
i ds T d3 ds = ds3
L2~ =L~
~l L~
Dimensions Temperature
Shaft Stepped sleeve difference?)
dq d, d3 dg ds D B, B, B3 Ly L,
h4® hi® H4® H4® +0,5 01 01
mm °C °F
17 16,968 16,95 16,977 19 27 26 31 13 as 8,5 150 270
20 19,964 19,94 19,971 22 30 28 33 14 16 9 150 270
25 24,956 24,92 24,954 27 35 30 35 15 17 9,5 150 270
30 29,946 29,91 29,954 32 40 32 38 16 18 10 140 252
35 34,937 349 34,943 37 47 34 40 17 19 10,5 140 252
40 39,937 399 39,943 42 52 36 42 18 20 11 130 234
45 44,927 44,88 44,933 47 58 38 46 19 21 11,5 130 234
50 49,917 49,86 49,923 52 63 40 48 20 22 12 130 234
55 54,908 54,85 54,922 57 70 42 50 21 23 12,5 120 216
60 59,908 59,85 59,922 62 75 4Lt 54 22 24 13 120 216
65 64,898 64,83 64,912 67 80 46 56 23 25 13,5 120 216
70 69,898 69,83 69,912 72 86 48 58 24 26 14 110 198
75 74,898 74,83 74,912 77 91 50 60 25 27 14,5 100 180
80 79,888 79,82 79,912 82 97 52 62 26 28 15 100 180
85 84,88 84,81 849 87 102 54 64 27 29 15,5 100 180
90 89,88 89,8 89,9 92 110 56 68 28 30 16 100 180
95 94,87 94,79 94,9 97 114 58 70 29 31 16,5 90 162
100 99,87 99,79 99,9 102 120 60 72 30 32 17 90 162
105 104,87 104,78 104,89 107 125 62 74 31 33 17,5 90 162
110 109,86 109,77 109,89 112 132 64 76 32 34 18 90 162
120 119,86 119,77 119,89 122 142 68 80 34 36 19 80 144
130 129,852 129,75 129,868 132 156 72 84 36 38 20 90 162
140 139,852 139,74 139,858 142 166 76 88 38 40 21 90 162
150 149,842 149,73 149,858 152 180 80 95 40 42 22 80 144
160 159,842 159,73 159,858 162 190 84 99 42 4t 23 80 144
170 169,842 169,72 169,848 172 205 88 103 4t 46 24 80 144
180 179,832 179,71 179,848 182 220 92 110 46 48 25 80 144
190 189,834 189,7 189,836 192 230 96 114 48 50 26 80 144
200 199,834 199,7 199,836 202 245 100 118 50 52 27 70 126
1) The difference in temperature between shaft and sleeve or ring when installing
2) Ly = length of stepped sleeve over diameter d; = L4 + B, — B4 — 4 [mm]
3) L, = length of stepped ring over diameter dq = L, - 4 + recessed d, section [mm]
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Table 17
Recommended dimensions for stepped sleeves with 0-ring and their seats
_78247
‘7814_
-1 M4x05
,,,,,,,, _ ‘ 4
= =l 1 T
[ [ os! 2
dq d; 4 (0l
l D d, ds ds
] il iy
— L2 ———L,—— —L,—
5 2 1 L
kL2H> [——t
L
Dimensions Appropriate Temperature
Shaft Stepped sleeve 0-ring difference?)
dq d, d3 dg ds D B1 B, Lq L, L3 Ly
ha® 7@ H4® +0,5 H9 +0,1 +0,1 +0,2
mm _ °C °F
17 16,95 16,977 19 20,6 27 26 31 17 229 65 31 16,3x2,4 150 270
20 19,95 19,971 22 23,6 30 28 33 19 249 65 31 19,3x2,4 150 270
25 24,9 24954 27 295 35 30 35 21 261 7 39 24,2x3 150 270
30 29,9 29,954 32 345 40 32 38 24 281 7 39 29,2x3 140 252
35 349 34943 37 395 47 34 40 26 301 7 39 34,2x3 140 252
40 399 39,943 42 445 52 36 42 28 321 7 39 39,2x3 130 234
45 449 44933 47 495 58 38 46 32 341 7 39 44,23 130 234
50 499 49,923 52 545 63 40 48 34 361 7 39 49,2x3 130 234
55 54,9 54,922 57 55,5 70 42 50 36 381 7 3.9 54,2x3 120 216
60 59,9 59,922 62 64,5 75 44 54 40 401 7 3,9 60x3 120 216
65 64,85 64,912 67 69,5 80 46 56 42 421 7 3,9 65x3 120 216
70 69,85 69,912 72 745 86 48 58 42 441 8 39 69,5x3 110 198
75 74,85 74,912 77 795 91 50 60 44 461 8 39 74,5x3 100 180
80 79,85 79912 82 845 97 52 62 46 481 8 39 79,5x3 100 180
85 84,85 849 87 895 102 54 64 48 501 8 39 85x3 100 180
90 89,85 899 92 945 110 56 68 52 521 8 39 90x3 100 180
95 94,85 949 97 995 114 58 70 54 541 8 39 94,5x3 90 162
100 9985 999 102 1045 120 60 72 54 561 9 39 100x3 90 162
105 104,85 104,89 107 109,5 125 62 74 56 581 9 3,9 105x3 90 162
110 109,85 109,89 112 1145 132 64 76 58 60,1 9 3,9 110x3 90 162
120 119,85 119,89 122 1245 142 68 80 62 641 9 3,9 120x3 80 144
130 1298 129,868 132 1344 156 72 84 66 681 9 39 130x3 90 162
140 1398 139,858 142 1444 166 76 88 70 721 9 39 140x3 90 162
150 1498 149,858 152 159 180 80 95 73 726 13 74 149,2x5,7 80 144
160 1598 159,858 162 169 190 84 99 77 76,6 13 74 159,2x5,7 80 144
170 1698 169,848 172 179 205 88 103 81 80,6 13 74 169,2x5,7 80 144
180 1798 179,848 182 189 220 92 110 88 84,6 13 74 179,2x5,7 80 144
190 189,8 189,836 192 199 230 96 114 92 88,6 13 74 189,2x5,7 80 144

200 1998 199,836 202 209 245 100 118 96 926 13 74 199,2x5,7 70 126

1) The difference in temperature between shaft and sleeve when installing
2) Ls = length of stepped sleeve over diameter d; = Ly + B, - B; — 4 [mm]
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Principles of bearing selection and application

Material

SKF recommends using a heat-treatable steel
with a yield point of at least 550 N/mm?2. The
mating surfaces of both the sleeve and shaft
should be hardened and ground.

Axial load carrying capacity
The degree of the actual interference fit(s)
determines the axial load carrying capacity of a
stepped sleeve. When stepped sleeves are
made to the recommended dimensions listed in
tables 16 and 17 (= pages 84 and 84), the
surface pressure between a solid or thick-
walled hollow shaft and sleeve, and the axial
retaining force per millimetre hub width can be
estimated using the approximate values listed
in table 18. Stepped sleeves with a loose fit for
the smaller diameter, exert only half of the
axial retaining force of stepped sleeves with an
interference fit for both diameters.

When designing stepped sleeves, axial shock
forces on the sleeve must also be taken into
consideration. If necessary, a threaded nut

which is lightly tightened and which can also
serve as a mounting aid can be used to secure
the sleeve.

Special stepped sleeve designs

Stepped sleeves are used to secure and join
other components. They enable hubs to be
mounted and dismounted simply and can also
replace various types of driver plates, dogs etc.
The V-belt pulley shown in fig. 29, for exam-
ple, is designed as a stepped sleeve with an
integral labyrinth seal. In this case, the sleeve
not only locates the bearing axially, it is also
used to transmit torque.

Fig. 29
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Table 18

Approximate surface pressure and axial retaining force
of stepped sleeves?)

Approximate Approximate Approximate

shaft diameter surface pressure axial retaining
force per mm

d hub width

mm N/mm? N/mm

30 40 300

100 35 550

200 22 1000

1) When made to the recommended dimensions listed in
tables 16 and 17 (- pages 85 and 85).
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Principles of bearing selection and application

Installation

The following procedure can be used to install
stepped sleeves. If stepped sleeves are to be
installed against bearings that are already
greased, care should be taken that the injected
oil / mounting fluid does not mix with the
grease and impair its lubricating properties.

1 Heat the sleeve to obtain the required tem-
perature difference listed in tables 16 and
17 (- pages 86 and 86).

2 Push the sleeve onto the shaft seat.

3 After the sleeve has cooled, inject oil or an
SKF mounting fluid between the sleeve and
shaft using suitable oil injection equipment
(—> fig. 30 and Oil injection equipment and
pressure media). To avoid local stress peaks,
the oil should be injected slowly and the oil
pressure regulated.

B
o120 € I : Y

4 Use a hydraulic nut and suitable distance
sleeve to bring the sleeve to its final position
(—> fig. 30). When using a hydraulic nut, the
force of the nut against the bearing arrange-
ment can be controlled by the oil pressure.
As the sleeve “floats” on the oil film, any
stresses produced during the shrinking of
the sleeve (produced as the sleeve cooled)
are relieved and the components can be cor-
rectly positioned relative to each other.
When the required axial force has been
obtained, the final position is reached.

5 With the tool still in position, release the oil
pressure between the mating surfaces and
allow the oil to drain. Normally it takes about
24 hours before the sleeve can support its
full load.

Fig. 30
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Removal

To remove a stepped sleeve, inject oil or an SKF
dismounting fluid between the sleeve and shaft
using suitable oil injection equipment (= Oil
injection equipment and pressure media). When
sufficient oil pressure has been built up to sep-
arate the mating surfaces, an axial force will
result due to the different bore diameters, and
the sleeve will slide from its seat without
requiring any additional external force.

WARNING

To avoid the risk of serious injury, attach a
provision such as a lock nut to the shaft
end to limit the sleeve travel when it sud-
denly comes loose.

akF
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Oil injection equipment and pressure media

SKF supplies oil injection equipment for install-
ing and removing sleeves. For additional infor-
mation, visit skf.com/mapro.

When selecting a suitable pump, keep in
mind that the maximum permissible pressure
should be considerably higher than the calcu-
lated surface pressure.

For installation, SKF recommends using the
SKF mounting fluid LHMF 300. The fluid has a
viscosity of 300 mm?2/s at 20 °C (70 °F). The
advantage of this mounting fluid is that when
installation is complete, the fluid will leave the
joint quickly and completely so that metal-to-
metal contact is restored relatively quickly.

For removal, SKF recommends using the
SKF dismounting fluid LHDF 900. With a vis-
cosity of 900 mm2/s at 20 °C (70 °F), the fluid
will provide an adequate oil film, even if the
mating surface of the sleeve or shaft is
scratched. Keep in mind that the fluid has a low
flow rate and the permissible pressure of the
oil injection equipment should never be
exceeded.
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Provisions for mounting and
dismounting

Itis often necessary to make provisions during
the design stage to facilitate mounting and dis-
mounting of a bearing. If, for example, slots or
recesses are machined in the shaft and/or
housing shoulders, it is possible to apply with-
drawal tools 