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RHP SUPER PRECISION BEARINGS



NSK-RHP is part of the international NSK group who are
one of the world’s leading manufacturers of rolling
bearings, automotive components and mechatronic
products.

The group has over 40 manufacturing units around the
world, employing over 27,000 people and is represented
by sales offices and Authorised Distributors almost
everywhere.

Our manufacturing program includes bearings from
imm bore to 5 meters, covering virtually all conceivable
application areas.



Introduction

In the field of modern machine ool building, instrument
making and many other engineering activities, ever
increasing demands are placed on bearing performance in
terms of higher rotational accuracies and speeds. These
demands are being reliably met with RHP Super Precision

bearings, which demonstrate the following distinct features:

@ exirema accuracy

o high rotational speed

e quiet and smooth running

e minimum friction and heat generation
e controlled rigidity

RHP manufactures an extensive range of Super Precision
bearings, These are proven in a diverse range of
applications including:

e metal cutting machine tools

e woodworking spindles

e centrifuges

e dynamometers

» high speed compressors

e printing machinery

e precision measuring equipment
e aircraft accessories

e high speed electric motors

e reprographic equipmeant

Availability

This catalogue outlines the range of RHP Super Precision
bearings, including high speed and hybrid bearings
incorparating ceramic balls. For even more challenging
requirements, NSK-RHP can supply bespoke bearings
designed to meet specific criteria.

In addition to the metric ranges listed, certain inch sizes are
also available. Please enquire for details.

NSK Precision Products

in addition to the RHP range of Super Precision ball bearings
included within this catalogue, NSK-RHF can provide further
Super Precision products, such as Super Precision cylindrical
roller bearings from the complementary NSK range.

A comprehensive range of precision ball screws and linear
guides is also available. Please contact NSK-RHP for
further information,

Design

The information contained in this publication is hased on
current technology. The technical data has been revised to
incorporate improvements formulated by computer-based
analytical techniques and to reflect developments in
materials and manufacture. Previously published information
is therefore suparsaded.

Technical Advisory Service

NSK-RHP engineers have extensive experience in all
aspects of the application of these bearings and offer a
technical advisory service to designers. This is aided by a
suite of advanced computer programs to give assistance in
bearing selection and spindle design. This service is
available without obligation and is completely confidential.

Note

Every care has been laken to ensure that this catalogue is
correct at the time of going to press, but NSK-RHP reserves
the right to change designs and specifications at any time,
or to discontinue the manufacture of bearing types or sizes
without notice.

NSK-RHP



Contents

T I oo o s T S i S i S B A L a S e 1
Part 1 Super Precision bearings — general. ... . ... ... ...B

1.1 Angtarsontact Ball BEatgs: . .. oo cummmisussmiismmim i o s s s s e e e B
1.2 Blacia] LIl AR i b i s T i T B e B o e e
1.3 Ball screw support bearings . ... ..
1.4 Dimensions and tolerances. .............ooovviioiiiin,

1.5 High point of radial runout.. ...,

1.6 Matching ...............

1.7 Cages ..

1.8 Materials and I|m|t|ng temperaturea

o

et B ™ R I = T =1

Part 2 Single row angular contact ball bearings ............... ... .0

2.1 Contact angle, .. .. e i e S e e o T
22 PIERITEI: s s v o o B o S A e s =
2.3 Unn.rersalfacecuntml N B e R ) T e S - -
2.4 Mounting armngﬂments .............................................................. 11
2.5 EAMING: SRERUE & i i binon e stapsiE ey sia e i e e e e s e e o 1
2.6 Hybrid bearings ........... R -
2.7 Higher speed requn‘ements FIHF Ullra and FIHP Ultra H‘r‘ e S W B S R i e T
2.8 T T B e e T B S S L S e e T T e TR
2.9 High speed operation .. ......... : OO - | -
2.10 Hybrldhlghspeedangularmntactban beanngs e T [y
21 RHF Uitra and RHP Ultra-HY high speed angular contact ba!l beanngs e e B T A R .

Part 3 Stngle vore yorliad BalEDOBIRER oo v e s S e e A e e B

3.1 ERBRE R s i e T B L R e RN ATt e T LB IRY P ABL R A B 1 B LAt 4 st A
3.2 Limiting SPEeds o 24
3.3 R T e A B B DR s o s v e e e B T e e o e s B e s e

Part 4 Bl ATt -SphOvE DROPINGE - s rimi et v e S T R P i e B e e e Sk e e B

4.1 General description . ..................... .. T 0 e AT A B SR B R B it ot
4.2 Preload and axial sUffness 28
4.3 T I s s e S T i B e e i e e e B s s L R e
4.4 == Lo L =TT =T Y
4.5 Matching . . R K A W 4 e P e S R R e e e e e s DT
4.6 erltmgspeedsanddragtorqua T T s e S BT R T T e S R T i
4.7 Cartridge units (BESCU SeIES) . . e
4.8 Pl Bloc LIS {BSPBREIERY. v o s s s i e s s s ety e s I

RHP Super Precision bearings

2




Part 5

5.1
5.2
5.3
54
B.b
5.6
57

Part 6

Tables

Table 1
Table 2
Table 3
Table 4
Talbe 5
Table &
Table 7
Table 8
Table 8
Table 10
Table 11
Tabie 12
Table 13
Table 14
Table 15
Table 16
Table 17
Table 18
Table 19
Table 20
Table 21
Table 22

Table 23
Table 24
Table 25
Table 26
Table 27
Table 28

Page
D O IR B O e S i o R e e

Bearing life calculations . . e e, 30
Calculation of static Equwalent Juad {F,,,} ................................................................ 43
Lubrication .. A T o R B A Lo B e L R T e A

Accuracyrofassmatadcumponenm - &
General consideralions in SpINGle QeBION - ...ttt e e e e, 48
Installation and replacementof bearings. ... .. e B
Typical applications .. i, BB

Bearing tables .. ......coooooiiiiii i ettt et i e s OB

Inrrer-ang opler Ang TElErANGEE | & o vy L s A e 66
Axial preload and stiffness values for paired angular contact bearings . ... ... ... .. ... . . 0000, 67-70
Differences in spacer length for conversion of preload of paired bearings with steel balls . .. ... .. ... 70-71
Single row angular contact ball bearing designation system and datatables. . .. ... ............ .. 72-84

Single row radial ball bearing designation system and datatables . .......................... B587
Ball screw support bearings and units designation system and data tables. ... .. ...... . 8895

International dimension SENGEITS. . o« o vvii v vvvy e s o b sim m s 5 i e e s e e 5
Cireaae BRBan TARDGIS 5y = g i e o e T R s T Vs e e R e 14
Speed factors for back-to-backsels . ... ... o i S RS i5
Preload gonstantc s coersmiaaimp i s aimmniaminss TR R e T e 16
Comparison of support methods forball Serews . . ... . i i e ey 26
RHP range of ball screw suppor bearings and Units . . . ... .. . e e e 28
f, factors for radial ball bearings and angular contact ball bearings with 15" contactangle.. ... ... ... ... 38
A Y BT e oo e e T i o, 5 B R i b SRR i R R 38
Fallabllity FEtaTE: - vowe wovac e memmimEm e sigic v = ST erEERE R & O SR T R
PE AN Yo TEEMOIE o ain T i R R B e e R e S B R B 43
Permissible errors of form and position of components on machine tool spindles .. ... ... ... ... ..., 47
Permissible errors of form and position of components on machine tool spindles . . ... ... . .. L. 47
Recommended shaft foleramntes ... . ittt et et e e e 48
Recommended housing folerances {locating) .. ...... .. S A, B R R 48
Recommended housing lolerances (Shding) . ... . oo viiininricrie e e e 48
(e TG TOIBTENEEE T LI vt iom e ioodb s P 0 W B e e o T TR 513
CHREE TN MO REICEE T TIN5 o S S e o o i B e e, e v B 1 e e e e 66
Axial preload values for paired angular contact ball bearings with steel balls. . .. ... .............. .. 67
Axial stiffness values for paired angular contact ball bearings with steel balls . ... ... ... ..o . ... 68
Axial preloads for paired angular contact ball bearings with ceramicballs, ... ... ... ... .. ... ... .. B9
Axial stiffness values for paired angular contact ball bearings with ceramic balls . . ., _ . e O 69
Axial preload and stiffness values for BETN angular contact ball bearings with 40" contact angle o 7O
Difference in spacer length for conversion of preload for paired bearings with steel balls
Senes 19 (79", . ov e B T B B o i B RS e W T 70
Series 10 (70°"), ... ... T R e T R R e R R e B 70
=Ty o i B e s e R T R e S P e e S T R RPTIT- 71
e O B B L b e A B e e e D TR e w b e ia e e e e s il
RHF Excel rangs X70 SBMABS. . . ..ot vt ot cte e e ettt tt et e e 71
BETW Range. . ... ... e e N —— 71
Bearing technicaltables . . ... ... ... ... .o i i T R R R R i 72 -495

NSK-RHP



RHP Super Precision bearings

4




Part 1

Super Precision bearings
— general

This section covers:

@ Brief description of RHP
Super Precision bearings

@ Dimensions and tolerances
@ High point of radial runout
@ Matching

® Cages

@ WMatenals and limiting temperatures
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Part 1 Super Precision bearings - general

BHP manufactures three basic types of Super Precision
bearing:

Single row angular contact ball bearings
Single row radial ball bearings
Ball screw support bearings

1.1 Angular contact ball bearings

This is the most adaptable and important bearing (fig. 1)
within the RHP range for use in machine tool spindles. The
many combinations of contact angle and preload allow
precise bearing selection to cope with the mosi arduous of
requirements, be they speed or capacity, Tha range has
preferred contact angles of 15" and 25" and laminated
phenolic resin cages. Bearings can be supplied singly, in
paired units or in multiple sets,

The RHP Excel range {fig. 2) has been introduced in
response to industry’s need for higher speeds and has a
larger number of smaller balls. They also offer higher
stiffness. They are dimensionally interchangeable with
bearings with the normal ball diameter,

The RHP Ultra range (fig. 3) is designed for particularly high
spead applications.

The RHP Excel, RHP Ultra and normal ranges can be
supplied with silicon nitride (ceramic) balls (fig. 4). These
ofter higher speeds and lower operating temperatures, as
wall as enhanced stiffness,

The BETNM range (fig. 5) is manufactured in 7200 and 7300
serfes. It has a 40" contact angle and is fitted with a
polyamide cage. It is supplied in P5 precision grade.

1.2 Radial ball bearings

This type of bearing (fig. 6) will carry radial loads anc
moderate axial loads in elther direction and is used where
rigidity is not too important.

1.3 Ball screw support bearings
This range of bearings (fig. 7) has a 60" contact angle and
is specifically designed to provide high axial rigidity.

1.4 Dimensions and tolerances

With the exception of the ball screw support bearing range,
RHP Super Precision ball bearings are made in accordance
with the International Standards Organisation’s dimension
plans. Full details are given in the bearing tables.

The tolerances adopted conform to internationally
recognised precision standards as shown in Table 1 and are
detailed in Tables 16 and 17 (page G6&).

Precision grade P3 (introduced by RHP) is an intermediate
precision grade offering P2 runout tolerances with P4
external tolerances. Single row angular contact ball bearings
are made in IS0 dimension series 19, 10, 02 and 03 and to
all listed precision classes,

In addition, a range of inch size bearings is available,
manufactured to a single precision grade designated Inch 'EF,

International dimension standards Tabie 1
RHP P5 P4 P3 P2

British Standards

Institute (BS 292) EFS EPT = = ]

American Bearing

Manufaclurers

Association

(ABMA, Standard 20) ABECE ABECT - ABECY

International Standards

Organisation (IS0 492 Clags & Class 4 -

Class 2

e

Fig. 1 Flg. 2 Fig. 3 Fg. 4 Fig. & Flg. 6 Fig. 7
Angular contact FAHP Exced small RHP Litra Ceramic ball BETN 40° Radial ball Ball screw
ball bearing brall angular contact angular contact angular contact angular contact bearing sisppor bearing
bal bearing ball besring ball baaring ball bearing

RHP Super Precision bearings
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1.5 High point of radial runout

RHP precision bearings are marked at the point of maximum
ring thickness. This mark is located in the bore of the inner
ring and on the outside diameter of the outer ring {fig. Ba). It
has a dual function and serves also to show the diameter
grade of the ring. It takes the form of a letter B, M or T {see
also 1.6 Matching below). The bearings can then be maounted
with the marks axially aligned with each other and opposed to
the shaft or housing eccentricities in order to minimise
assembled runoul,

1.6 Matching

Precision ball bearings are supplied singly, in pairs and in
mulliple sets with matched bores, outside diameters and
where appropriate radial internal clearances. Matching
improves load sharing when bearings are mounted closaly.

Super Precision bearings have their rings graded into the
top (T), middle (M) or bottom (B} of the tolerance band

(fig. Bb) and, for the optimum seating fit, selective assembly
should be adopted.

The bearing rings are allocated with the appropriate grade
an the following basis:

Grades T or B for tolerances up to and including 0,005 mm
{0,0002 in).

Grades T, M or B for tolerances over 0,008 mm (0,0002 in).

The grading letters are marked in the bore of the inner ring
and on the outside diameter of the outer ring (fig 8a).

The grades are also indicated on a label attached to the
bearing’s protective packaging and next to the designation
on the end of the box (fig. Bc).

Some products may be graded with the deviation in microns
from the nominal size.

l==9—r | Homiral da.
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Fig. Bt

Fig, &
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1.7 Cages

The cage in a rolling bearing has the important function of
separating the rolling elements and different cage designs
affect the performance of a bearing. Angular contact
bearings are almost exclusively supplied with cne-piece
laminated phenolic resin cages located on the shoulder of
the outer ring. The material and design provide for high
speed and quiet running. The cages are machined all over
to provide good static and dynamic balance.

Machined brass cages can be supplied if the application Is
heavily loaded or there is likelihood of shock loading and
speed is moderate, Due to the strength of the material the
ralling element spacing can be kept to a minimurm, therefore
the basic load rating of a brass caged angular contact ball
bearing may be higher than that for the equivalent phenolic
caged bearing. However, the limiting speed of a brass caged
bearing is generally about 50% lower than that of a phenolic
caged bearing.

Single row radial ball bearings are supplied with phenolic
cages or occasionally brass cages of the two-piece riveted
type, generally located on the inner ring. Some small sizes
have an alternative cage designated TBH for which
tabulated limiting speeds should be considered a maximum.
These are one-piece phenalic *snap-in’ cages guided by the
inner ring.

Ball screw support bearings and the BETN range are
supplied with glass fibre reinforced polyamide cages.

1.8 Materials and limiting temperatures

The material for the rings and rolling elements is a carbon
chrome bearing steel similar to BS970:534A99/535A99 or
SAE 52100. Components are through hardened and heat
treated for stability and optimum fatigue life.

The recent improvements in fatigue life depend on steel
cleanliness and NSK-RHP Quality Control ensures
compliance with specifications in line with ASTM A295
Standards.

Maximum recommended operating temperatures are 125°C
for brass caged bearings and 120°C for laminated phenolic
resin or glass fibre reinforced polyamide caged bearings. If
higher temperatures are required please consult MNEK-RHF.

Hybrid bearings are fitted with balls manufactured from hot
isostatically pressed silicon nitride. Compared with steel, this
material has extreme hardness, higher modulus of elasticity,
lower mass and longer fatigue life.

NSK-RHP
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Part 2

Single row angular
contact ball bearings

This section covers:

Contact angle

Preload

Universal face control
Mounting arrangements
Spacers

Limiting speeds

Speed factors

High speed operation
Hyhbrid bearings

RHP Ultra bearings
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Part 2 Single row angular contact ball bearings

2.1 Contact angle

The contact angle (fig. 9} is the angle formed by a line
drawn between the peints of contact of the balls with the
raceways and a plane perpendicular to the bearing's axis of
rotation. The contact angle influences the axial and radial
characteristics of a bearing.

Contact angle 1"'{#
\

Paoints of contact

|
J
ek
[

Contact angle

Fig. @

To cope with a wide variety of applications and operating
conditions AHP manufactures bearings with preferred
contact angles of 15" and 25°. Some sizes are available with
20°, 30" and 40" contact angle. As a rule, the lower contact
angles are used for light axial load, high speed applications
and the higher contact angles are selected when high axial

lead and/or axial rigidity are major requirements, This is
shown in fig. 10

p
[
|
!
!
|
!
|
!

Axial load Fj

Daflection and axial loads for varying conlac! angles
Fig. 10
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2.2 Preload

Preload is the application of a parmanent axial load to a
bearing. It may be achieved by applying an external load,
for instance by means of springs, or by adjusting the
bearings against each other as seen in fig. 11. Preloading
achieves a number of objectives:

a) elimination of free radial and axial movement
b) reduced deflections from extemally applied loads

¢) assurance that angular contact ball bearings do not run
free of load which may give rise to ball skidding

d) reduction of the contact angle ditference between the
inner and outer raceways at very high speeds.

—| | Prejoad gap

Preload
Fig. 11

Preload should not be higher than necessary for the
application but should be sufficient to avoid the preload being
completely relieved from any bearing by the action of
external loads. For a pair of bearings this occurs when a
pure axial load of approximately 3 times the preload value is
applied . However, any external radial load induces an axial
component of load within the bearings and, in many
instances where there is combined external loading and the
ratio of axial load to radial load is small, it is possibla to
select a lower preload value than would be suggested by
consideration of the axial load alone, Guidance is available
from NSK-RHP.

The influence of different values of preload on the deflection
characteristics of angular contact ball bearings is illustrated
in fig. 12.



Axial dafiection

]
8 Deflection with no preload 1
a* Light preload
&

a*

Auial load

Deflection and axial loads for varying peloads
Fig. 12

The values of axial stiffness for paired angular contact ball
bearings can be found in part 6. As a guide, bearing radial
stiffness can be derived by using the following
approximations:

radial stiffness = 5 x axial stiffness for 15° contact angle
= 2 x axial stiffiness for 25" contact angle

The axial stiffiness of a set of three similar bearings in a 2TB
arrangement (see fig. 14, page 13) is approximately
1,6 times that of a pair.

Preload levels

The ring faces of angular contact ball bearings are adjustad
at manufacture so that, when the bearings are mounted in a
back-to-back or face-to-face arrangement and clamped
together, a predetermined force exists between them. To
cater for a wide variely of applications a choice of standard
preload levels is available:

suffix L = Light preload
suffix M = Medium preload
suffix H = Heavy preload

In addition to the above standard levels, extra light, suffix X, is
available for the RHP Excel and Hybrid ranges. This is
particularly useful for hybrid bearings, which with their higher
intrinsic stiffness will operate satisfactorily with lower preloads.

The preload most frequently used is ‘light' which is suitable
for use in most applications wheare loads and speeds are nol
axtreme.

As preload levels affect the maximum speed capabilities of
pairs or sets of bearings, reference should be made to the
section on "Limiting speeds” on page 14.

Although three preload levals are offered as a standard,
other preloads can be supplied to fulfil unusual technical
requirements, In such cases advice is available fram NSK-AHF.

2.3 Universal face control

Frecision angular contact ball bearings are universally
faced. This means that the inner and outer rings are the
same width, and the relative positions of the faces on both
sides of each bearing are adjusted to give the required
preload, The bearings can be mounted back-to-back or
face-to-face without affecting this preload value. When
mounted in tandem they will share load equally.

Pre-adjustment of preload eliminales the need to measure
bearing face steps and to produce custom made spacers of
differing widths to achieve the required preload levels.

Angular contact ball bearings can be used to give different
characteristics to the shaft assembly by changing the
bearing arrangement to suit. Precision angular contact ball
bearings are usually supplied as matched pairs for the
mountings shown in figs. 13a, b and ¢.

2.4 Mounting arrangements

Back-to-back mounting

In this arrangement the lines of action diverge so that the
effective distance X between bearing centres is increased,
Axial loads and radial loads can be accommodated in any
direction with good axial and radial stiffness and resistance
to tilting moments.

"~ Preload gap

Back-lo-back meunting
Fin. 13a

NSK-RHP



Face-to-face mounting

In this arrangement the lines of action converge so that the
effective distance X between bearing centres is decreased.
Axial loads and radial loads can be accormmodated in any
direction, but the resistance to tilting moments is lower than
the back-to-back arrangement. This arrangement is
generally used where precise alignment cannot be achieved.

Face-lo-face mounting imposes a substantial reduction in
spead capability.

—| = Preload gap

Face-lo-face mounting
Fig. 13b

Tandem mounting

In this arrangement the lines of action are parallel, the radial
and axial lnads being equally shared. However, axial loads
can only be carried in one direction and bearings in tandem
must be opposed by another bearing, or set of bearings, to
accommodate any axial loads in the reverse direction,

| %
bl

~— Preload step

Tandam maunting
Fig, 1ac

RHP Super Precision bearings
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Sets of bearings

For heavily loaded applications, or where greater rigidity is
required, it may be necessary to replace a matched pair
with a multiple bearing set. The compaosition of the set can
vary according 1o the loads to be imposed but in the
majority of cases, identical universally faced bearings can
be used. In certain cases, specific configurations may be
required as shown in fig. 14,

Due to the spacial matching, a Vee-line is included on the
bearing outside diameters to ensure the bearings are
mounted in the correct order. As standard, the Vee points in
the direction of maximum axial capacity when the load is
applied to the inner ring. The order of the bearings must not
be changed, nor must they be interchanged batween sets,

Sets of bearings can be further varied by mixing contact
angles and/or the types of bearings. This is acceptable
providing the tandem bearings in any set are identical in
specification. In some cases, where substantial axial loads
are encountered, the tandem pair may have a 25° contact
angle and the rear bearing 15" (fig. 15). This delays the paint
at which preload is relieved from the rear bearing by external
axial load which, in turn, reduces the possibility of ball
skidding at high speed. This arrangement has the
disadvantage that the rearmost bearing carries maore preload
than either one of the front pair of bearings and is, therefore,
radially more rigid. The effective centre of the set is moved
away from the spindle nose, thereby increasing the overhang.

Where radial load capacity or radial rigidity is the main
consideration the tandem pair may have a 15° contact angle
and the rear bearing 25° (fig. 18). This arrangement has the
disadvantage that preload relief under pure axial load
occurs earlier, However, this may not be too detrimental as
the radial load generally present in this type of application
will maintain contact between the balls and the raceways.

In general, any RHP mixed bearing sets will be covered by
a special designation, usually of the form MBU****, whare
“*** is a numerical code.




RRTh
o o

Sets of bearings in various configurations
Fig. 14

15° contact angle — s 25° contact angle 25° contact angle  —, 15° contact angle

Conlacl angbes lor substantial axial loads

; Caortact angles lor radial load capacity or radial rigidity
Fig. 15 Fig. 16

NSK:RHP
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Spacers

In many applications the bearings are separated by
spacers. It Is essential that the inner and outer spacers
should be of equal width and the faces be flat and parallel
within 0,0025mm, so as not to modify the selected preload,
It is recommended that the faces of the two spacers should
be ground or lapped simultansausly.

Increased resistance to tilt can be provided by spacing
back-to-back bearing arrangements as shown in fig, 17.
Spacers also make the introduction of lubricant more
convenient or, in the case of grease lubrication, provide
space for excess grease to be expelled from the bearings
during running-in,

Another advantage of the spaced back-to-back bearing
arrangemeant is that where the inner rings are at a higher
temperature than the outer rings, axial and radial differential
expansions tend to counteract each other. Resultant
changes in preload and consequent temperature rises are
therefore minimised. In any practical system they cannot be
eliminated, but by using spacers of an appropriate length it
is possible to oblain a degree of compensation for thermal
expansion when the spindle is operating under steady state
conditions, although there will still be a transient increase in
preload. This improves the speed capability of the spindle
systemn. The oplimum spacing depends on the internal
design of the bearings and recommendations can be
obtained from NSK-RHP.

Should it be necessary to vary the preload this can be
achieved by changing spacer lengths for back-to-back
bearings as follows:

— the inner spacer should be shorter than the outer
spacer to increase preload

— the outer spacer should be shorter than the inner
spacer to reduce preload.

The converse applies for face-to-face arrangements.

The relative spacer differances for all ARHP Super Precision
angular contact ball bearings can be found in Tables 23 to 28
on pages TO& 71 .

/ b
™ Vo "
/ Y
j \
i
e == ;
b1
\ /
i T A
5 f!
Back-lo-back amengement with spacer
Fig. 17

RHP Super Precision bearings
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2.5 Limiting speeds

Limiting speeds are listed in the bearing tables. They should be
regarded as a guide rather than an absolute figure since
maximum speed can be affected by a variety of circumstances.
They apply on condition that bearings are operating under
normal temperature conditions, are adequately protectad from
contamination and the inner ring is the rotating member. For
outer ring rotation, a factor of 0.7 applies,

The tabulated speeds for Super Precision angular contact
ball bearings assume a light external load and are for single
bearings under a spring preload which is adequate to
maintain rolling contact without significant slip or spin
between balls and raceways.

Speeds quoted for oil lubrication assume that oil/air
lubrication is used and those for grease |ubrication assume
the use of a soft synthetic grease.

2.6 Hybrid bearings

Hybnid bearings, 1.e. bearings with ceramic balls, are
increasingly used to obtain high speed. The degree of increase
relative to the speed of the equivalent bearing with steel balls
depends on the arrangement. Spring preloaded hybrid
bearings can run at 25% higher speed but the increase is more
limited if the bearings are arranged in a locked up (position
prejoaded) sef, when the increase is about 13%.

Due to the lower mass of the ceramic ball, the spring
preload required for satisiactory operation is lower than that
for the bearing with a steel ball,

Further information on the use af hybrid bearings is
available from NSK-RHF. See also part 2,10 pages 17-19

2.7 Higher speed requirements, RHP Ulira and RHP
Ultra-HY

In pursuit of improved productivity, increasingly higher bearing
speeds are required. The NSK-RHP solution has been to
develop the RHP Ultra high spead Super Precision angular
contact ball bearing range and, in hybrid form, the RHP Ultra-
HY. These are detailed in part 2.11, pages 20 & 21

2.8 Speed factors

Limiting speeds for single bearings with grease lubrication
assume the use of a soft synthetic grease. The use of other
types of grease may influence the speed capability,
Suggested factors for a selection of greases are shown in
Table 2, Grease speed faclors for RHP Ultra bearings differ
due to differences in internal design. To obtain the bearing
speed mulliply the listed speed, (shown in the bearing
tables, part 6) by the following factors;

Grease speed factors Tabla 2
Grease type T, T RHP Ultra and
T2 T RHP Ultra-HY
RHP Excel
and BETH
Lubcon Turmogrease L182 - 1.00
Lubcon Turmogrease LAG2 0.84
Kliber isollex NEUS 1.00 0,88
Kliber isoflax Super LOS18 0.83 0.81
Kliper Isoflex Topas NBS2 0.83 -
Kliber lsoflax NCALS 0.83 0.81
Shell Stamina EVO3 - 0.81
SheiNetahV o7 -



When bearings are used as back-to-back pairs or sets, the
recommended limiting speeds are reduced in accordance
with Table 3. Please note that speed factors for normal
spindle bearings, hybrid bearings and RHP Ultra bearings
differ due to differences in internal design and materials. If
the bearings are mounted face-to-face the limiting speeds
are reduced by a further 50%. For spring preloaded tandem
pairs the speed factor is 0,95.

Tabla 3

Speed factors for back-to-back sets

PAIRS SETS OF THREE SETS OF FOUR

| |

Preloads STEEL BALL — STANDARD AND RHP EXCEL

| 0w | om | - —
Light 080 | 0.60 | 0.55
Medum | 060 }‘ 040 | 0.35
Heavy il | n.;_| 0.32 | 0.30 n

CERAMIC BALL — STANDARD AND RHP EXCEL

| |
0.60 0.55

Exira light .80

Light 0.75 T oss ‘ e
RHP ULTRA AND RHP ULTRA-HY

Light | 0.80 | 0.70 | 0.65
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2.9 High speed operation

At high speeds differential thermal expansion creates
appreciable increases in preload in back-to-back arrangments.
Up to 10 times the initial preload has been measured.
Although these effects can be mitigated by copious lubrication
to equalise the temperatures of the inner and outer rings, the
power required to churn the oil is substantial and coolers in
the |ubrication circuit may be necessary, A preferable solution
is to control the preload externally by using springs or
hydraulic or pneumatic pressure,

+— Outer Ring

+— Innar Ring

CF = Centrifugal force

Centrilugal force allact on contact angle
Fig. 18

Al high speeds centrifugal forces on the balls become a
significant factor. Their action is to move the ball to raceway
contact points towards the bottom of the outer ring raceway
and away from the bottom of the inner ring raceway which
results in different contact angles (fig. 18), Under this
condition true rolling cannot take place and, although this
can be tolerated to a certain extent, eventually the amount
of slip reaches the point where the lubricant film breaks
down, the bearing wears and then fails.

Application of axial preload tends to maintain the contact
points at their original positions and raises the speed at
which the effects of sliding become significant. For this
reason, with externally preloaded arrangments, it is
necessary to Increase preload as speed increases.
Ultimately, a load limit is reached which gives an
unacceptable fatigue life. This limit will depend upon the
nature of each application but as the mechanism of failure in
very high speed applications is frequently wear rather than
fatigue, a theoretical fatigue life of 2000 - 3000 hours is
probably an adequate design criterion.

An approximate preload value for any parlicular speed can
be obtained from the expression:

2 C 2
= = _r.l.,._ e, - |08
reload ( ) X (1{1013) x K
where n = rotational spead

C, = basic static radial load rating of the bearing
k = constant from Table 4

RHP Super Precision bearings

Preload constant Table 4
Contact angle k

15° 0,0045

a0 0,0065

25° 00005

a0 00170

a0 0,055

These values do not apply to hybrid or AHP Ultra bearings,
for which preloads would generally be lower than for the
equivalent standard bearing. It is recommended that
guidance should be sought from NSK-RHP
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2.10 Hybrid hish speed angular contact ball bearings

Introduction

The need for higher speeds, greater accuracy, longer life
and lower temperatures can be satisfied by the RHP range
of hybrid (ceramic ball} angular contact ball bearings.

RHP hybrid bearings have the same external dimensions as
those with steel balis and are therefore interchangeable.

Ceramic balls for improved performance - Higher speed
capability

Silicon nitride has a much lower density than steel. Other
beneficial properties are low thermal expansicn, high
hardness, low thermal conductivity, dimensional stability and
a modulus of elasticity higher than steel. The more
significant properties of silicon nitride and bearing steel are
compared in Fig. 19.

Ratio of slfcon nitride 1o steel
2.5

W see
1| Silican Milride

Coeafikcient of Hardness
{glom ol elaslicity  tharmal expansion [HV10)
{Himm?) w1 ko)
Fig. 19

Lower density - Higher speed capability

The lower density of silicon nitride significantly lowers the
centrifugal forces on the balls. This reduces the change in
contact angle that occurs as speed increases, with a
consequent reduction in heat generation.

Higher modulus of elasticity - Reduced friction

The higher modulus of elasticity of silicon nitride balls
increases bearing stiffness and reduces bearing friction. For
a given load, contact stresses are increased however, this is
not significant at high speed as the reduced centrifugal
forces resull in lower stressas,

The perceived fragility of ceramics does not apply to high
integrity materials such as silicon nitride. Experience has
shown that the balls remain undamaged even when impact
loading has caused extensive raceway damage,

Lower coefficient of thermal expansion - Higher speed
The lower coeificient of thermal expansion means the silicon
nitride ball changes size less than a steel ball for the same
change in temperature. The effect of this is to reduce the
change in thermal preload that occurs in bearing sets,
allowing higher speeds to be achieved.

Lower friction - Lower temperature

Hybrid bearings have a lower coefficient of friction than the
equivalent all stesl bearing. The efiect of this is reduced
power consumption and lower operating temperalures,

Fatigue life - Improved reliability

Testing has shown that bearings with silicon nitride balls
have a greater L, life compared with bearings with steel
balls when the contact pressure between the rolling
elements and raceways is of the same magnitude.

The failure mode for silicon nitride is progressive and similar 1o
that of bearing steel where spalling occurs. A comparison of
fatigue life between steel and ceramic is shown in Fig. 20,

Mitligns of reversals
100

Silicon Mitride Ceramic

e Il fallure TL

Suspanded
- - "|T_!F"|'|_|T”]|' Ll -Ifa“— TR Fun i ailure
e | ) { |

{] .
N

M50 Tool
Steel

Fatigee resulls - caramic v steal

Fig. 20
Improved accuracy - Improved product consistency
Hybrid bearings improve accuracy by reducing the change in
stiffness that occcurs with speed, as is shown in Fig. 21. In
addition, lower heat generation reduces the thermal expansion
of the spindle and its surrounding structure. A comparison of
operating temperature is shown in Fig. 22, page 18,

Baaring stifiness (x 105Mm)
-~

Bearing T006C
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]
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Bearing stifinass v speed lor conventional and hybeid bearings
Fig. 21
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Reduced wear - Longer life

Even with the highly finished surfaces in precision bearings,
wear takes place in steel balled bearings when contact
occurs between the microscopic asperities of components of
the same materal, With hybrid bearings the dissimilar
properties of silicon nitride and bearing steel, combined with
the very smooth surface of the ceramic ball, virtually
eliminate wear. A typical corresponding form is shown in
Fig. 23.

BEN Dia: 932" {7, 144mm)
Magrafication: X50,000
Cul-of-roundness; 0UMOUM

Crrt-ol-roundness of ceramic ball
Fig. 23

RHP Super Precision bearings
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Lubrication - Greater tolerance to conditions

The tribological properties of silicon nitride on stesl make
hybrid bearings less sensitive to lubrication conditions,
Hybrid bearings enable maximum speeds to be increased
by approximately 15% with grease |lubrication. The lower
operating temperature, or improved speed capability, of
hybrid bearings with grease provides the opportunity for cost
effective designs for higher speeds without the need for
oilfair lubrication. The lower operating temperature of hybrid
bearings can extend grease life by reducing the oxidation
process.

With oilfair lubrication, higher speeds can be achieved with
the same lubrication conditions as those used for steal ball
bearings.

Oil lubrication - Higher speeds

Qil lubrication is preferred for the highest speeds or where
low lemperatures are important and heat must be carried
away from the bearing. Oil/air lubrication is recommended
with a good quality oil that is resistant to oxidation and
foaming. Viscosity and flow rate recommendations can be
found on page 45.

Lower moment of inertia - Higher acceleration

The lower density of the ceramic ball reduces the moment
of inertia of the bearing. The reduced friction and the greater
tolerance to marginal lubrication at the ball - raceway
contacts combine with the lower moment of inertia to allow
higher acceleration rates to be achieved,

Nen-conductivity - Longer life

As silicon nitride is a non-conductive material the damage
caused by electrical arcing is eliminated. This occurs when
there is a potential difference between the balls and
raceways.

Dimensions and tolerances

Conventional construction hybrid bearings are available in
the ISO 19 and 10 series in P3 and P2 precision grades.
The small ball (RHP Excel) and RHP Ultra designs are
available in series 10. For availability on other series, please
contact NSK-RHP. Contact angles of 15° and 25° are
preferred but other contact angles can be supplied on
reqguest. Full dimensions are given in the bearing tables.
Tolerances conform fo internationally recognised standards
as shown in Table 1, page 6.

Static and dynamic load ratings

The International Standards Organisation does not provide
basic load ratings for bearings containing ceramic balls.
Based on tests, hybrid bearings have an equivalent life to
steel ball bearings. The ratings in this catalogue were
determined with reference to the IS0 specified formulae.

Preload levels
For normal applications two levels of preload are available;

Suffix GX = Extra light preload
Suffix GL = Light preload

The preload levels are shown In the bearing tables. As

preload levels affect the maximum speed capabilities of
pairs or sets of beanings, reference should be made to

Table 3 on page 15.



Limiting speeds

For full details on limiting speeds please refer to the bearing
tables, on pages 81-84 and to the section 'Limiting speeds’
on page 14.

Shaft and housing diameters

At high speed, differential centrifugal expansion of the spindle
and bearing inner ring can result in a loss of intarference, and
loosening of the ring as shown in Fig. 24. This can be
prevented by increasing the interference fit. Selection of the
static interference should take into account the operating
speed and the spindle design. It will also be necessary to
compensate for the increase in preload that occurs. In such
cases please consult NSK-RHF.

Bearings with a 15" contact angle are normally selected for
high speed operation. However when using heavier
interference fits it may be necessary to select a higher
contact angle as the angle reduces when the bearing is
meuntad. Recommended shalt and housing tolerances are
given in Tables 13 to 15, page 48,

Static loading

The application of external loads in the static situation
produces higher contact stresses with a ceramic ball than
with a steel ball. Additional care must be taken when
mounting bearings and when considering the application of
static impact loads. For applications that require smooth
operation after application of the static load the static
equivalent load (P,,) should not exceed 25% of the static
capacity (C,). Details of the mathod of calculation are
shown on page 43.

Higher speed requirements
Higher speeds are offered by the RHP Ultra range. For
further details please refer to pages 20 & 21,

Low spaed

Loas of inmer ring fit dusa to high speed rotation

Flg. 24
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2.11 RHP Ultra and RHP Ultra-HY high speed angular contact ball bearings

Introduction

The ever increasing demands on machine tools in terms of
greater process efficiency, shorter production cycle times
and better finish of machined parts all have the effect of
increasing spindle speeds, In some applications such as
internal grinding spindles and high speed machining cenfres,
the spindle spead demanded s beyond the capability of
standard Super Precision bearings.

The NSK-RHP salution has been to develop the RHP Ultra
high speed Super Precision angular contact ball bearing
range and, in hybrid {ceramic ball) form, the RHP Ultra-H'Y.
Complementary to the existing Super Precision product
ranges, the design of the RHP Ultra has been optimised to
aqive:-

= Low heat generation
« High speed capability
= [mproved lubrication
= Low wear

= High accuracy

= Mo compromise to stiffness

The RHP Ultra range

The T70.. RHP Ultra and T70..5 RHP Ultra-HY ranges are
available in bore sizes from 20mm to 90mm and are
interchangeable with any dimensionally equivalent ISO
saries 10 bearing,

The one-piece laminated phenolic resin cage locates on the
shoulder of the outer ring. Machined all over, the design
ofters good dynamic balance and quiet running
characteristics. The inner ring is relieved to improve
lubricant flow and P3 precisicn class is offered as standard,
with the higher P2 class available as an option,

Since the main purpose of the RHP Ultra bearing range is
very high speed there is not normally the need for different
contact angles and preloads. A 15" contact angle and light
preload are therefore offered as standard,

ISC 19, T79.. series bearings, 25° contact angle andfor special
preloads are available on request. Please consult NSK-RHF.

RHP Super Precision bearings

Cross saction of RHP Wira
Flg. 25

« Dimensionally interchangeable with any IS0 series 10
bearing

« Optimised internal geometry to give low running
temperature

* One piece phenolic resin cage for low vibration and quiet
running

* Relieved inner ring to improve lubricant flow

* High speed operation up to 2.5 x 108 d_n

+ Standard 15" contact angle and light preload

* Available in P3 or P2 precision grades

= Hybyrid RHP Ultra-HY available for speeds up to 2.8 x 108 d_n.

20




High speed optimisation

Through extensive analysis and rigorous testing, the optimum
inner and outer ring raceway curvatures and number and size
of rolling elements have been determined for each size of RHP
Ulira in order to minimise heat generation. This has enabled
reliable operation at speeds up to and beyond

2.5 x 108 dn with oilfair lubrication,

High rigidity
In optimising for very high speed, some reduction in axial
stiffness has to be expected compared with standard Super
Precision bearings. However, in very high speed applications,
radial stifiness is usually of greater importance than axial
stiffnass. At high speed the radial stiffness of an RHP Ultra
bearing is actually similar to or greater than that of a standard
Super Precision bearing. Therefore the precision, accuracy and
high surface finish of machined parts is maintained. The
ceramic ball version, RHP Ulira-HY, will give even greater
rigidity.

Single bearing, spring preload

Braring outer ring tampaerature {'C)
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Fig. 26

Low induced preload

When arranged in sets, the design of the RHP Ultra bearing
is such that the effects of differential expansions of the inner
and outer rings are reduced, Compared with a standard
Super Precision bearing, this means that the induced
preload due to centrifugal force is lower, ball-raceway
contact heat generation is lower and so the speed capability
of the set is increased,

Pair of bearings, fixed preload
Induced predoad dus to centrifugal force (N}
400

200 B RHP Utira TTOBSCTOBLPS ;
1 Standard 7O0SCTDBLPA 1 u

15000

20000 25000 30000 35000

Spindla spead (rpm)

Eftect of spead on praload
Fig. 27

Effect el speed an radial stilinass
Fig. 28

Universal face control
As with all other Super Precision angular contact ball
bearings, RHP Ultra series bearings are universally faced.

Limiting speeds

For full details on limiting speeds please refer to the bearing
tables pages 79 & 84, and to the section ‘Limiting speeds’
on page 14.

NSK-RHP
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Part 3

Single row radial
ball bearings

This section covers:
@ General description
@ Limiting speeds

@ Radial internal clearance
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Part 3. Single row radial ball bearings

3.1 General description

This lype of bearing will carry radial loads and moderate
axial loads. It can be used where axial rigidily is not too
important, such as in high speed precision electric motors
where ane bearing is fixed axially and the other is free to
slide in the housing. The bearings can be lightly preloaded
by springs to reduce noise and to eliminate free axial
movement. They are also used in woodworking spindle
applications and at the rear of light duty machine tool
spindles.

3.2 Limiting speeds

Limiting speeds as listed in the bearing tables apply to
single, lightly loaded bearings. As previously stated, some
small sizes of radial ball bearings have a one-piece 'snap-in'
cage with reduced speed capability. This is reflected in the
tabulated speeds which should be adhered to as maximum
values.

3.3 Radial internal clearance

Bearing radial internal clearance is the total clearance
between the raceways and rolling elements measured
normal to the bearing axis, see fig. 29 where:

RIC = E - (F + 2Dw)

The requirements for radial internal clearance in high
precision radial ball bearings vary considerably depending
on the application. For the majority of machine tool spindles
where rigidity is important, special clearances of 1 10 8
micrometres or 8 to 15 microns are selected,

Consideration should be given to any decrease in radial
internal clearance from tlight fits on the shaft or in the
housing, or from differential expansian.

International standard clearances Group 2 (C2), Normal
Group (CM), Group 3 (C3) and Group 4 (C4) as well as
special clearances are available.

The bearing boxes are marked to indicate the nominal value
of the clearance in microns, which follows the symbol R, e.g.
6206 TB R12 P4. A radial clearance of R12 will be supplied
unless otherwise spacified.

RHP Super Precision bearings
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Part 4

Ball screw support
bearings

This section covers;

@ General description

@ Preload and axial stiffness

@ Lubrication

@ Bearing arrangements

@ Matching

@ Limiting speeds and drag torque
@ Cartridge units (BSCU series)

@ Pillow block units (BSPEB serjes)
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Part 4. Ball screw support bearings

NSK precision recirculating ball screws provide accurate
highly efficient linear movement. It Is necessary to support
the screw by specifically designed bearings. Maximum axial
rigidity, low drag torque and high axial running accuracy are
required to ensure the highest precision and best response
from the system,

To meet these requirements NSK-RHP has available a
comprehensive range of ball screw suppart bearings and
cartridge and pillow block units,

In addition to ball screw support bearings other salutions
have been put forward and their relative merits are
compared In Table 5. Ball screw support bearings with their
high rigidity, low drag torque, simple mounting and
elimination of the the need for preload adjustment provide
the ideal support solution,

4.1 General description

RHP ball screw support bearings are designated BSB....,
have a 60" contact angle (fig. 30) and are manufactured to
P3 tolerances.

The balls are separated by a one-piece, glass fibra
reinforced nylon moulded cage.

The range comprises an inch and a metric series, full details of
which can be found in the bearing tables on pages 89-91.
Although most bearings in the range do not conform to 1SO
dimensions they are produced to dimension series which are
generally accepted internationally for this type of product.

Additionally, a small range of metric bearings conforming to
International Standards ISO 15 dimension series is available.

4.2 Preload and axial stiffness

In common with the range of Super Precision single row
angular contact ball bearings, the metric range of ball screw
supporl bearings can be supplied with different values of
preload to suit the requirements of a wide range of
applications.

These are:  Suffix L = Light preload

Suffix M = Medium preload
Suffix H = Heavy praload

For the inch series one preload level apples. Preload and
axial stitfness values for matched pairs can be oblained
from the bearing tables they should be doubled for
quadruplex sets,

4.3 Lubrication

As a standard feature all ball screw support bearings are pre-
packed with high quality grease selected by NSK-RHP, This
practice eliminates the risks of overgreasing or the use of
incompatible lubricants. In certain circumstances where high
loads and speeds are encountered it may be necessary to
use oil lubrication to assist in cooling the bearings. Advice is
available from NSK-RHP.

Contact angle
Fig. 30

Comparison of support methods for ball screws Tatle 5
_Bearlng type Bearing Bearing Preload Drag
1 rigidity mounting adjustment torque
Ball screw suppon bearing sets (S8 ype) High Simple Mot required Low
Duplex angular contact ball bearings (72-E type) Moderata Simple Mot required Moderate
Duplex taperad roller bearings Low Simple Difficuf High
Combination of radial needle roiler bearing and Highest Simpla Mot required Highest

wo needle roller thrus! bearings

RHP Super Precision bearings
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4.4 Bearing arrangements

Ball screw support bearings are normally supplied as
universally faced matched pairs or sets and therefore are
suitable for back-to-back or face-to-face mounting. The
outer rings are marked with a Vee line at the point of
maximum radial runout and indicate the respective bearing
position in triplex and quadruplex sets.

Universally faced sets are Vee lined to indicate back-to-
back mounting but the bearings can be arranged in different
configurations as shown in fig, 31,

Alternatively, they can be ordered and supplied in specific
combinations as shown in fig. 32.

In this case tha bearing sets are Vee lined to indicate the
orientation and position of each bearing in the set. The
bearings should not be interchanged, either in the set or
betweean sefs.

4.5 Matching
RHP ball screw support bearings are supplied with matchad
bores and outside diameters. This improves load sharing.

Rings are graded and marked as described in section 1.6,
page 7.

4.6 Limiting speeds and drag torque

The limiting speeads listad in the bearing tables are for
grease lubricated maiched pairs. They should be adjusted
for triplex mounting by a factor of 0,8 and for quadruplex
maunting by a factor of 0,7.

Listed speeds are for continuous rotation. They may be
exceeded by 50% for short periods.

The drag torque is for a single bearing at the specified
preload and should be multiplied by the number of bearings
in any set. The figure quoted is for bearings rotating at a
very low speed,

NSK-RHP
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4.7 Cartridge units (BSCU series)

The BSCU series of cartridge units ({fig. 33) is designed
around the RHP ball screw support bearing range described
on page 26. It has been developed fo provide the machine
manufacturer with a conveniently handled ready made unit
giving excelient rigidity and accuracy. The unit incorporates
a flange that can be bolted on to a flat surface which is
perpendicular to the ball screw axis,

They can be supplied with either paired or quadruplex
bearing sets and, unless olherwise slated, they will be
provided with a back-to-back bearing arrangement.

Carlridge unif (BSCU sarias)
Fig. 33

4.8 Pillow block units (BSPB series)

The BSPB senes of pillow block units (fig. 34) is an
alternative dasign of housing incorporating RHP ball screw
support bearing. The unit is similar to that of the BSCU
series but is designed to be boited down on to a flat surface
which is parallel to the ball screw axis. It permils easier
adjustment of alignments by the use of shims.

They can be supplied wilh either paired or quadruplex
bearing sets. Add suffix DU, DB or DF for duplex and QU, OB
or QF for quadruplex to indicate the arrangement required,

i eSO
i

SR = S
¥

f

Fig. 34
Fillow block undl {BSPB series)

RHP Super Precision bearings
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RHP range of ball screw support bearings

and units

Basic
bearing

BEBO1T 047D
BSB 017 047 O

BSB 020047 D
BSE 020 047 O

BEB 025062 D
BSE 026 062 O

BSB 030 062 D
BSE 030 062 O

BSB 035 072 0
BSE (36 002 0

BSB 035 100 D
BSE 035 100 O

BSE 40 072 D
BSB 040072 0

BSE 040 100 D
BSB 040 1000

BSE 45 075 D
BSE 045 075 Q

BSB 045 100 D
BSB 045 1000

BSE 050 100 0
BSB 050 100 Q

Tabls 6

Carlridge Pillow
umnit block
BSCU 17 060 D BSPB 17 032 D
BSCU 17 0600 BSPB 1T 0320
BECU 20 060 O BSPB 20032 D
BSCU 20 060 O BSPB 20032 Q
BSCU 25 QB0 D BSPB 25 042 D
BSCU 25 0RO O BSPE 25042 Q
BSCU 3¢ 080 O BSPB 30 (42 D
BSCU 30 060 O BSPE 30042 Q
BESCU 35 090 D BSPB 35050 D
BSCU 35 090 O BSPB 35 050 O

BSPB 35 065 D

BSPB 35 065 &
BESCU 40 020 D BSPE 40 050 D
BISCU 40 020 O BEPE 40 050 Q
BSCU 40124 D BSPE 40 065 O
BSCU 40 124 O BEPE 40 066 Q
BRCU 45 082 D
BSCU 45 082 O
BSCUA5124 D BSPB A 065 D
BSCU 45124 Q BSPB 45 065 O
BSCU 50124 D BSPB 50 065 O
BSCU B0 124 Q BSPB 50 065 O

Dirtails required lor bearing ke caleulation and perlormance can be oblained
fram the relevant bearing tables {pages 90-81),



Part 5

Technical information

This section covers:

@ Bearing life calculations

@ Calculation of static equivalent load (P,,)
@ Lubrication

@ Accuracy of associated components

® Hybrid and RHP Ultra bearings

@ General considerations in spindle daesign
@ Static and dynamic stiffness

@ Static and dynamic deflection program
@ |nstallation and replacement of bearings
@ Bearing retention

® Inspection

@ Assembly

® Running in

@ Fault finding

® Typical applications
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Part 5. Technical information

5.1 Bearing life calculations
Basic symbols
a, life adjustment factor for reliability percentage level

a, life adjustment factor for non-conventional materials, heat treatment and design features
a; life adjustment factor for operational conditions, temperature, lubrication and environment

C, basic dynamic axial load rating

C,, basic static axial load rating

C, basic static radial load rating

C, basic dynamic radial load rating

d, mean bearing diameter, i.e 0,5 (bore + outside diameter)
e limit value of F_/F, for the applicability of factors X and Y
E  equivalent axial load

F, total axial component of actual bearing load

f,  basic static axial load rating factor

Fpa axial preload

F, total radial component of actual bearing load

Lig basic rating life at 90% reliability level

L., adjusted rating life

L, equivalent basic rating life for variable load and speed conditions
n rotational speed

n, variable rotational speed

P, total axial preload in one direction

P, static equivalent radial load

P, dynamic equivalent radial load

P, variable radial component of bearing load

R  external radial load

T  external axial load

X radial load factor

Y axial load factor

=  contact angle

RHP Super Precision bearings
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Load/Life

Generally the methods described for calculating bearing life
are based on International and British Standards, 150 281/1
and BS5512; Part 1; 1977 with modifications to take into
account the effects of preload. The terms used in this
section are defined and described below.

Basic dynamic radial load rating (C,) - is that constant radial
load which a bearing can theoratically endure for one
million revolutions. Radial load ratings have been increased
to take into account the improvements available from
cleaner bearing steel. The International Standards
Organisalion has recognised the need to increase the |oad
ratings for contempaorary, commonly used, good quality
hardened steel in accordance with good manufacturing
practice and has introduced a factor (b} which increases
the basic dynamic load ratings for ball bearings by 30%.
Tests at the NSK-RHP Eurcpean Technology Centre have
confirmed these new ratings,

Life - is the number of revolutions which one of the bearing
rings makes relative ta the other ring before evidence of
fatigue develops in either ring or any of the rolling elements.

Basic rating life {Lz) - is the lite of an individual rolling
bearing or a group of apparently identical rolling bearings
operating under the same conditions associated with 90%
raliability.

Reliability - is the probahility that a certain parcentage of a
group of apparently identical bearings is expecied to attain
or exceed the basic rating life; by experience an acceptable
reliability level for most engineering applications is 90%. The
reliability of an individual rolling bearing is the probability
that the bearing will attain or exceed a specified life.

Adjusted rating life {L,,.) - is the basic rating life adjusted for
reliabllity levels other than 90% (a,), also special materials,
heat treatments, designs (a.) and non-conventional
operating conditions (a.), whereby:

Lha=8y.85.83. Lyg.

When applicable, the values of the adjustment factors a,
and a, will be advised by NSK-RHPE Values for a4 should be
mutually agreed to account for any pravious experience of
the equipment designer and NSK-RHP.

Dhynamic equivalent radial foad (P,) - is the consiant radial
load under the influence of which a rolling bearing would
have the same life as it would under the actual load
conditions,

Basic static radiaf foad rating (C,,) - of a ball bearing, is the
static radial load which corresponds to a calculated contact
stress of 4200 MPa at the centre of the most heavily loaded
rolling element/raceway contact.

Static equivalent radial load (P, - is the static radial load
which would cause the same contact condition at the centre
of the most heavily loaded element/raceway contact as that
which occurs under the actual load.

Limitations

The relationship between load and life is valid only for
correctly installed and lubricated bearings protected from
foreign matter and not subjected lo extrame operating
conditions such as extra heavy loads, excessive
misalignment, excassive speed or temperature. If the
equivalent load exceeds 40% of the dynamic or 100% of the
static rating, the life calculation must be regarded as a
means of comparison and NSK-RHP should be consulted.

Hybrid and RHP Ultra high speed bearings

IS0 life calculation methods do not cover the use of hybrid
bearings, those with specialised internal design or those
running at high speed. However, for the purpose of initial
evaluation, the following methods may be applied. For mare
comprehensive calculations, guidance should be sought
from NSK-RHF In the case of hybrids, practical experience
indicates that for normal applications, the life is comparable
with or better than that expected from bearings made from
conventional materials,

Where heavy loads at low speed are applied, hybrid
bearings may not be an appropriate selection. In this case
guidance should be sought from NSK-RHP.

Calculation of dynamic equivalent radial load (P,)
Radial ball bearings and angular contact ball bearings:

P, = XF,+ ¥F, (factors X and ¥ are given in Table 8,
page 38)

Where more than one bearing takes the external loads, the
external radial load (R) and the external axial load (T)
should be factored to obtain the total radial and axial
component loads F, and F, on a bearing.

When calculating the total axial load component F,, account
must be taken of the residual preload in a bearing
arrangement and full details of the calculations for the
popular variations are given from page 33.
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Calculation of basic rating life (L)
The L, life for a given radial ball bearing under specified
operational load and speed may be calculated as follows:

3
L [ gr J milllion revolutions.

T

For a constant speed, n rev/min, the life can be calculated in
hours,

Lig=

16667 [ C,
° =

a
} hours.

=

External loads (R) and (T) should be accurately calculated
and take into account the weight of machine components
where these are significant. It may also be necessary to
consider centrifugal and gyroscopic forces, shock loads and
vibratory conditions. NSK-BHP has an extensive range of
computer programs 1o solve such compound problems and
equipment designers are recommended to seek advice.

For varable loads and speeds, the equivalent basic rating
life (L) may be calculated using the formula:

100
L,= alliga + b/Ligy + S/Lige +o-r

where L is the equivalent basic rating life, associated with a
0% reliability lavel, tor the combined operational conditions
and a, b, ¢ ... are the percentage times spent at each
calculated Ly, life, wiz Lygq. Lygni Lyges .- respectively,

For constant load and varable speed, the mean spead
n rev/min can be calculated by:

a b
=700 * ™ 700

c
*Ne0p + - |

where a, b, ¢, .., are the percentage times al each speed ny, |
Mg, Mg, ... respectively.

For constant speed and variable load, the rool mean
dynamic equivalent radial load (P,) for ball bearings can be
calculated by:

i b "

o jon T

C

3 4 a
F F"‘mT— T o

va 700 +P

P, =

For constant speed and continuously varable load, the root
mean dynamic equivalent radial load (P} can be obiained
graphically (or by computer program). The graphical
representation is given in fig. 35,

Procedure: plot (P,)” cycle curve for a ball bearing.
Determine the area under the curve and divide by the base
to obtain P2 average. Calculate the root mean dynamic
equivalent radial load (P):

P, = (P? average)'”

RHP Super Precision bearings
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P,

\, Maean steady load P,

Average of (P,)

Time

Fig. 35

For continuously variabla loads and speads, a typical cycle
is illustrated in fig. 36

Load P, Speed n,

The average product of [Puf‘.nv can be obtained graphically
{or by computer program).

Procedure: plot {F'v}a.n,,. cycle curve for a ball bearning as
shown in fig. 37, page 33. Determing the area unger the curve
and divide by the base to obtain the average (P,)"n,.




P n,

average of (P,)"n,

\

i

Time

Flg. 37

The equivalent basic rating life for 90% reliability level (L)
or tha basic dynamic radial load rating {C,) required for a
specific life can be determined by:

()’
Lyo = 166687 —————5

holirs
average (P,)".n,

Life calculations of preloaded angular contact ball
bearings

To establish the total radial (F,) and axial (F,) load
components on each bearing in a multiple arrangement of
preloaded angular contact ball bearings, account must be
taken of the externally applied radial load (R) and axial load
(T). the axial preload (F_;) and the load distribution. The
latter is a function of the rolling element to raceway
deflection which is proportional to (load)®. The calculation
procedure for popular mounting variations of identical
bearings Is detailed below.

Example 1 — Back-to-back or face-to-face pair of bearings
(fig. 38)

Fea

I
mat

Fig. 38

Foa is obtained from the preload Tables 18, 20 and 22,
pages 67-70

Total axial preload (P,) with applied radial load (R)

RAx12xtanx + Fy,
o o
When P, <F_, use P, =F,

Total axial component of load (F,) with applied axial load (T)
on each bearing (1 and 2);

Fay=3T + P,
Fap= Py 3T

When F, =0 the preload is relieved so that Fyy = T and Fio =0

Total radial component of load (F,) on each bearing is
proportioned by the ratio of the axial load on each bearing to
the total axial load, each component raised to the power of §:

Fai2
Fr1 = 1 X H
Fage-FE
F2a

Fo= =2 xR
27 F234 F23

The dynamic equivalent radial load (P,,} and {P.,) for each

bearing is calculated from:

P,y =XF,4 + YF,,
Pie = XFz + YF;

The values of X and Y are obtained from Table 8, page 38,

The basic rating life (L,,) of each bearing is:

3
16667 | C
Loy = 28887 | £ | hours

a
- 1BBET [&] hours
w2

The two bearings may be considered as a unit and
according to the theory of probability, the life of the unit, or
pair of bearings, will be shorter than the shortast rating life
of the individual bearings. Thus:

Ly for the unit = hours

__1._‘. - + _..1__.—l D.g
(o * o)

Mote that due to the enhanced reliability of Super Precision
bearings it is common practice to take the life of a set as
being the life of the maost heavily loaded bearing,
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Example 2 — Triple units (fig. 39)

My, Wy (@
EETIL] = e e T

8 L U
== A
Fig. 39

Fpa is 1,4 x the values obtained from the preload Tables
18, 20 and 22, pages 67-70.

Total axial preload (P_) with applying radial load (R):

Axi2xtance + Fy,
Pﬁ1:

4
Ax12xtana +F
Paz = 3 £
F F
When Py {?’a usa P, = Tp"
and Py <F,, usePy=F,

Total axial component of load (F,) on each bearing with
applied axial load (T

FEI.1 = 0.4T iy PS‘
Faa = P — 02T

When F,; =0 the preload is relieved so that
Far= 5 andFyp=0

Total radial component of load (F,) on each bearing:

Foo
213
Fa ng*ﬂ <R
The dynamic equivalent radial load (P;) and (P,) for each
bearing:
Py = XFq + YFg4

Pio=XFs+ YF,

The values of X and ¥ are obtained from Table 8, page 38

The basic rating life ({L,,) of each bearing:

a
16667 | Co
Lioy = " [ P ] bt

- a
me = 1525? {,@L] hours

"

1— -hours

Ly, for the unit B

- 1 0.9
1.1 1,11
Lm[l# me )
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Example 3 — Quadruplex units {fig. 40)

)y i 4 M, @

T — R
Fig. 40

Fpa 18 1,6 x the values obtained from the preload Tables
18, 20 and 22, pages 67-70,

Total axial preload (P,) after applying radial load (R):

Rx1.2xtana + Fp,

Fai = N
Rx12xtans + Fai
Paz = 2 -

F, F
When P, < %’ use P,; = ?"E'

and P, <F,, useP,=F,

Total axial component of load (F.) on each bearing with
applied axial load (T):

F.i =0,283T + P,

Faz = Pya— 0,157

When F., =0 the preload is relieved so that
Far = %— andFgp=0

Total radial componeant of load (F) on each bearing:

Faia
21 %R

B
TR

23
Faé

Fa=r—om=—0r—%Hf
e

The dynamic equivalent radial load (P,,) and (P,,) for each

bearing:
Pﬂ = KFH + YFa|
Po=XFs+ YFa

The values of X and ¥ are obtained from Table 8 page 38,

The basic rating life (L) of each bearing:

3
16867 [PEL] hours

Lion ="n "
= 16667 | & | hours
Lyg (for the unit) = ! = hours

1
+ —_—
Lisdy  Lide )




Example 4 — Rigldly spaced single bearings (fig. 41)

Fig. 41

F .. is obtained from the preload Tables 18, 20 and 22,
pages 67-70.

Total axial preload (P,) after applying radial loads
(R, and R):

Fl:la
Pa=R;x12xtan® + -
or

F
Pa=Rpx12xtane + 22
{whichever is the greatar)
When P, =F  use P, =F,

Total axial component of load (F,) on each bearing with
applied axial load (T):

Fai= 8T+ P,
Faa=Py— 4T
when F; =0 the preload is relieved so that Fyy =T
and F =0
Total radial component of load (F,} on each bearing:

Fr1 = FI1
Fe=R.

The dynamic equivalent radial load (F,,) and (P} for each
bearing:

Py = XFq + YFy,

P‘-z = xFlﬂ + YFEIE

The values of X and Y are obtained from Table 8, pags 38.

The basic rating life (L) of each bearing:
c a

_ 16667 | =t | hours
Lisgn = " [Pr-l

e
_ 16887 | €
o 957 [

L,y for the unit = e hours

i
+ e
1,11 1,11
L1EHH l"mi?i

Example & — Rigidly spaced tandem beatrings (fig. 42)
(1,

o

) 4 y 12 y 621
Lt S Y e e

R, Fig. 42 A,

Fpa is 2,0 % the values obtained from the preload Tables
18, 20 and 22, pages 67-70.

Total axial preload {F,) on each bearing after applying radial
loads (R, and R.):

F
FE:HIKLEK"E”“‘ 4 DA
2
or
Ry x1.2xtanc . Fpa
= Hax1, Lpe
Fa 3 + T

{whichever is the greater)

F F
When P, = T'“ use %ﬂ

Total axial component of load (F,) with applied axial load (T}
Fay = 3T + P,

Faa=Pa— &T
when F,, =0 the preload is relieved so that F, =-§r
and F=0
Total radial compeonent of load (F,) on each bearing:
H
Fr= “él
R
Fa= TEZ

The dynamic equivalent radial load (P,,) and (P,,) for each
bearing:

Py = XFy + YRy

P,? = XF',.Q + YF&
The values of X and ¥ are obtained from Table 8, page 38,
The basic rating life (L) of each bearing:

3
16667 | C
Lggty == — [El;] hours

3
hours

16667 | C,
n Piﬂ

Lm[zj =

Ly for the unit = e hours

2
. -
111 1.0
(L‘Iﬂﬂ} L10[2J )
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Example 6 — Spring preloaded bearings (fig. 43)

Fram—e 4 (2}

Flg, 43
F, = the spring force

Total axial component of load (F,) on each bearing with
applied axial load (T}

Far =T+ Fpa

Faz = Foa

Total radial component of load (F,) on each bearing:

Fﬂ = H-|
F!’Z = HE

Mote: -2 should not be less than e from Table 8, page 38.

Tin

f

The dynamic equivalent radial load (P,) and (P} for each
bearing:

Pn B XF” + YF{“
P, = XFp + YFy

The values of X and ¥ are obtained from Table 8, page 38.

The basic rating life (L) of each bearing:

3
16667 | C
L1'ZH1P: _I'| 8 [Pr’;] hours

a
16667 | C
Eipppy = = = [F’T;J hours

L1D far the unit = -

1 1
s
o * o)

hours
09
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Example 7 — Ball screw support bearings - paired unit (fig. 44)
(1} (2)

Fus

T,,_l- .[ ! al_ Ta
R

Direclion A —= = Direction B

Fig. 44
F . is the preload obtained from the Tables on pages
89 to 91,

These bearings are not suitable for radial loads greater than
90% of the preload.

Total axial preload (P,) after applying radial load (R):

R

For axial load in direction "A":

Total axial component of load (F,) on each bearing with

applied axial load {T,):
Fa‘n T §T.ﬁ. i Fa
F-EIZ = PE = %TH

Total radial component of load (F,) on each bearing:

For = 2z X R
"SR

FZJ‘J

Fo=—-%___ %R

Naote: Eﬂ must not be less than 2,17

The equivalent axial load on bearing 1:
tEM]’ - D192 I:rl + Fa1

The equivalent axial load on bearing 2:
{-EQA} = G,QE FI‘E + Fa‘Z

The above method should be repeated to determine E,g and
E.g for axial load in direction ‘B

The cubic mean equivalent axial load on bearing 1 (Pg,)
=0,7937 (E3, + E3g) 12

The cubic mean equivalent axial load on bearing 2 (Pga)
=0,7937 (E34 + Edg) 2

The basic rating life (L,,) of each bearing:

3
L|0,|” = (&) x —1666? hours
PEI n

3
|.1c.12p = [F%:) b EE_E? hours

1

Lq for the unit = 9 hours

1
SR T
1,11 1,11
L'u:lm LlﬂiE] )




Example 8 — Ball screw support bearings - quadruplex (fig. 45)
{1 i1 12 i)

Direm A Direction B
Fig. 45 .
Fpa is 2,0 % the preload values oblained from the Tables on

pages 89 to 91.
Total axial preload (P,) after applying radial load (R):

S N i
PaE B,EB+ 5

For axial load in direction 'A":

Total axial component of load (F,) on each bearing with
applied axial load (Ta):

Fay=1Ty By
Faz = Pa = éTn
Total radial component of load (F,) on each bearing:

Fe R

Fi=mmipm X g
Fa1+F§2 2

F23 =1
Fr2 = E:%E_sz_ W E
ail az

—

Mote: FB must not be less than 2,17
r

The equivalent axial load on bearing 1.
{Ehﬂ = 0192 Fn + F:EI'I

The equivalent axial load on bearing 2:
(Ezp) =092 Fz + Fan

The above method should be repeated to determine E,g
and E,g for axial load in direction 'B",

The cubic mean equivalent axial load on bearing 1 (Pgy)
= 0,7937 (EJ, + Ejg) 18

The cubic mean equivalent axial load on bearing 2 {Pgz)
= 0,7937 (E34 + Edg) 13

The basic rating life {L,,) of each bearing:

a
Ligpy = (F,E;) X 16?:‘? hours

f |
Lm|:2:| - (PEE:) Lﬁﬁﬁz hﬁurS

L, for the unit = 3 hours
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Tabée ¥

fq- factors for r_*a;q:l__IaI:I:_n-éll bearings and angular contact ball bearings with 15" contact angle

For use when caloulaling bearing life.

Bore code 6000 series 6200 serles 6300 series 7900 saries T000 series 7200 serles 7300 series X7000 AHP Excel
series

i 12.5 1241 125 2.5

o 13.0 123 132 132

o2 14.0 130 14.0 2.8

03 14.4 13.0 149 14.4 1a.0 13.2

04 14.0 13.0 123 14,9 14.0 13.2 12.5 15.2

05 14.7 14.0 13.2 1654 14.7 14.0 a2 158.7

08 14.7 13T 128 15.9 14.9 137 13.0 16.2

o7 14.9 137 13.2 15.8 4.8 14.0 132 161

08 15.2 143.7 13.0 159 165.4 14.0 13.2 16.4

09 15.2 140 13.40 161 15.4 14,2 13.2 163

0 15.6 14.4 13.0 16.4 15.6 14.4 132 18.5

11 154 14.4 13.0 16,4 1h4 14.4 132 16.4

12 15.6 14.4 13.2 16.4 158 144 1345 18,5

i3 159 14.4 132 16.4 15.4 4.7 135 16.4

14 156 14.4 13.2 16.4 15.6 147 135 16.4

15 159 14.7 13.2 6.4 15.8 14.8 13.5 i6.3

16 16.6 14.7 13.7 16.4 156 4.7 1356 16.3

17 159 14.7 13.2 16.4 15,9 4.9 16.3

18 156 13.2 16.4 156 4.9 16.4

18 159 6.4 15.8 14.7 137 16.4

20 159 16.4 15.9 14.4 141 16.3

21 16.4 16.9 14.7 16.3

22 15.68 16.4 16.6 14.7 16.3

24 15.8 16.4 15.9 152 16.2

28 16.4 158 149 16,3

28 16.4 6.1 14.9 16.2

an 164 6.1 15.2 16.3

az 16.4 a1

34 16.4 1549

3B 18,4 1548

a8 16.4 16,1

an 16.4 15,8

A4 16.4

48 18.2

52 16.5

B& 16.4

Examples of determination of X and Y.
Table 8 Basic bearing designation 7010CTSULP4
Basic static load rating (C,.) = 19500N

X and Y factors

— " — Example i)
i I Fr=e Tise Radial load = 1000N
o ¢ 1'_' Axial load = 250N
S : . f,=156 (from table 7)
Radial 0,172 2,30 0,18
ball bearings 0,345 199 022 foFa 15,6 x250 5
o i
1,38 1 0 056 145 0,30 a
207 131 6.34 e=0238 (lake nearest value from table 8)
3,45 1,15 038 F 250
517 104 042 A = == =0,25
5,80 100 044 F, 1000
Arngular 0,178 1,47 0,38 Less than e, thergfore X =1 ¥ =0
contact 0,357 1,40 040
ball boarings 0714 1,30 o43  Example ii)
1,07 1,23 0,46 ;
15 1,43 10 044 118 047 Radial load = 1000
214 1,12 0,50 Axial load = 1000
3,57 1,02 55
535 i osa o Fa _ 156x1000
7.4 1,00 0,58 Cor ~ 19500 =08
20° 10 043 1,00 0,57 e =043
25° 1 1] 0,41 087 0.68 ﬁ . mg g
a0’ 10 038 076 0,80 F. 1000
a0 1 0 035 0,57 1,14 Greater than e, therefore X = 0,44 ¥ =1,30

Due to the specialised internal design of the AHP Ulira, 1ISO
methods of life calculation are not appropriate, f, factors are
. . . therefore not given. For advice please consult NSK-RHP.

RHP Super Precision bearings
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Examples of bearing life calculations

Example 1 — back-to-back pair (fig. 46)

oy oy 12

Fig. 46
Fpa is obtained from the preload Table 18, page 67.
f, is obtained from Table 7 page 38.

Bearing reference = 7010CTDULP4
Basic dynamic load rating (C;) = 24100N

Basic static load rating (C,;) = 19500N
Radial load (R) = 500N

Axial load (T} = 250N
Preload (F,) = 130N
Operating speed (n) = 5000 rew/min

Total axial preload (P,) after applying radial load (R) of S00N:

- 500 % 1,2 tazﬂ 15" + 130 = 145N

145> Fg, - use P, = 145N

Total axial component of load on each bearing after applying
axial load of 250N:

F.y=% x 250 + 145 = 312N
F..=145— (% x 250) = 62N
Total radial component of load on each bearing:

8 b

=Wx5ﬂﬂ=3?3ﬂ

Fﬂ

622.’.‘3
= '5723'13 + G223

Equivalent radial load on each bearing:

x 500 = 127N

foX Fay _ 156%312 _ 0408

-~ e=038
Cat 19500 ©

Fay _ 312
Fey 373
P,y = 0,44 x 373 + 1,47 X 312 = 623N

=B84 =e

f, X Faa _ 15,8 % 62

= Ssoe=0238
G 19500 e

= 0,0498

I 62
—82 . 2= -4
ety 88 > e

oo Pa=044 x127 + 1,47 X 62 = 147N

The basic rating life (L,,) of each bearing:

24100\8 16667
I-—II:II:1:I #( k] ) b 15?5:% = 192963 hours
L =(5347°) X “sop0 = 14698808 hours

1
1 1 0.8
— +
igeasat! 1458880811

= 189240 hours

Life of pair Ly =

Example 2 — arrangement as example 1 (fig. 47)

oy

F.. is obtained from the preload Table 18, page 67.
f, is obtained from Table 7 page 38.

Radial load (R) = 500N
Axial load (T) = 1200N
Operating speed (n) = 5000 revimin

Total axial preload (P,) after applying radial load (R) of S00M:

_ 500x12tan 15"+ 130 _ 0

Pa 5

145>F, - useP,= 145N

Total axial component of load on each bearing after applying
axial load of 1200N.

F.y =2 x 1200 + 145 = 945N
FBE = 145 — H x 12["}} = -255N

Faa=0 . Fay=T=1200N and Fg, = 0

Total radial component of load on each bearing:

120023

Fyo= (—1 e ) x 500 = 500N

Fr2 =U

NSK:-RHP
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Equivalent radial load on each bearing:

f, % F 156 x 1200

il QPR e T o A ~a=04
o 19500 0,98 e =048

_,F.aj. = 2‘|4 =B

rl

5 Py = (0,44 x 500) + (1,23 % 1200) = 1696N
F’,?= U'

The basic rating life (L,,) of each bearing:

24100 )3

Eo 16667
o) = | Jga6

X Eagp = 2964 hours

* Ligyzy = = (theoretically unloaded)

Life of pair Ly, = 3564 haurs

Example 3 — tiple unit (fig. 48)

Fig. 48

Fra is 1,4 x the values obtained from the preload Table 18
page 67.

fy is obtained from Table 7 page 38

Bearing reference = 7010CTIULP4
Basic dynamic load rating (C,) = 24100N

Basic static load rating (C,,) = 19500N

Radial load (R) = 1500N

Axial load (T) = 750N

Preload (F,) =14 x 130 = 182N
Operating speed (n) = 5000 rev/min

1500 x 1,2 1an 15 + 182

i = 166N

Pm =

= 332N

p., - 1500x121tan 15" + 182
T 2

Fay = 0.4 x 750 + 166 = 466N
Far = 332 — (0,2 x 750) = 182N

F —( AR |x 15
" =\ @xaee, Taazs ) * 1500 = 592N

18289
Eo_ 182 _| x 1500 = 316N
C ((2 X 4662%) 13?*) ’

RHP Super Precision bearings
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fox Fay _ 15,6 % 312

= 0,3728 SoB=q],
C. 19500 e
Far _ 466 _
= e = 0787 >

< Py = 0,44 x 592 + (1,40 x 466) = 913N

fyX Fy _ 15,6 182

5= st - 0,1456 - e=0,38
Faz 182
= == = 0,576

Fo 316 -e
5 Pa= 044 x 316 + (1,47 x 182) = 406N

2 !
Ligpy =( g:gﬂ) b 15{5&]%? = 61308 hours

]

Lioz) = {2:'320) 15%505; = 697205 hours

Life of the triple unit:
1

Lig = -
2 2 1 o8
(61309‘-” go720511 )

L= 31541 hours

40



Example 4 — arrangement as example 3 (fig. 49)
L My @

Fig. 49

Fga is 1,4 x the values obtained from the preload Table
18, page 67.

i, is obtained from Table 7 page 38,

Radial load (R) = 1500N
Axial load (T) = 2500
Opearating speed (n) = 5000 rev/min

From example 3:, P,, = 166N and P,, = 332N

F.i = 0,4 x 2500 + 166 = 1166N
F.z = 332 - (0,2 x 2500) = —168N

Faz<0 & Fays g = 1250N and F, =0
=]

Fiy= 5= 750N and F., = 0

foxFay _ 15812680 _, . ._p4g
i 19500 RS

Fai 1250

—l, - = 116?

F, 750 =

& Py=044 x 750 + (1,23 x 1250) = 1867N
Po=0

L1ﬂ'|'” = ?1?ﬂ hﬂurS
. Lyyg) = # (theoretically unioaded)

Life of the triple unit:

1
2 0.8
(?1?0‘-" R )

L1|} = E‘BUS hOLII'S

Lig =

Example 5 — rigidly spaced single bearings (fig. 50 and 51)

(2
B )

R

Fig. 50

|- 100mm 150mm |-|

Loy

Fig. 51

F.a Is obtained from the preload Table 18, page 67.
f, Is obtained from Table 7 page 38,

Bearing reference = 7010CTSULP4
Basic dynamic load rating (C,) = 24100N
Basic stafic load rating (C,.) = 19500N

Radial load (R) = 500N
Axial load (T) = 250N
Preload (Fg,) = 130N
Operating speed (n) = 5000 revimin
R, = B33N
R, = 333N

Pa =833 x 1.2 tan 15" + %:aaaw

F.y =3 % 250 + 333 = 500N
Fap = 333 — (3 X 250) = 250N
F.i = 533N

Fiz = 333N

foXFy _ 15.6X500 _ o4 . o= 040
a, 19500 T

Far _ 500 _p600>e

F, 833

o Py = 0,44 x 833 + (1,40 x 500) = 1066N
fyX Fyo _ 156 % 250 _

= =02 . e=0238
Cor 19500

Fao _ 250 _ 7516

ZBE
F. 333
S Pa=0,44 x 333 + (1,47 x 250) = 514N

' NSK-RHP




_ /24100\3 _ 16667 _
Liogs) _( WBB] 0607 - 38518 hours
Loy = [ 2310013 16667 _ 443607 hours
102 = | 514 5000

Life of the spindie:
1

Lip =

1 1 0.9
+ S
38518".11 " 343597111

Lig = 35323 hours

Example 6 — ball screw support bearing paired unit (fig. 52)

] 12

il | - Ta
Diraction & — R ~— Direclion B
Fig. 52

Fa is the preload obtained from the Table on page 80.

Bearing reference = BSBO40072DBHP3
Dynamic axial capacity (C;) = 31900N

Preload (F,) = GBOON

Radial load (R) = 000N

Axial load (T,) = 3000MN

Axial load (Tg) = 1500N

Operating speed (n) =100 rev/min

Axial preload (P,) after applying radial load (R):

P %"E + 6800 = 7030N

For axial load in direction ‘A’ ie T,
F.1 = %% 3000 + 7030 = 9030
Fas = 7030 — (5 x 3000) = BO30

Radial component on each bearing:

)x 1000 = 567N

Fy = (_, 3023
a030%° 4+ BO302E

Foo = ( 603023

) x 1000 = 433N
803027 + BO302?

RHP Super Precision bearings
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Equivalent axial load on bearing 1

E,a = 0,92 x 567 + 9030 = 9552N

Equivalent axial load on bearing 2
E.p = 0,92 x 433 + 6030 = 6428N

For axial load in direction ‘B’ ie Ty
F.i = 7030 —(3 x 1500) = 6530N
Fae =5 x 1500 + 7030 = 8030N

Radial component on each bearing:

el
R 2?353” = x 1000 = 485N
6530%° + 8030
23
F,=__ 8080"" ., 4000=535N

"N r
* 6530%° + 80302°

Equivalent axial load on bearing 1

Eg; = 0,92 x 465 + 6530 = 6958N

Equivalent axial load on bearing 2
Epz = 0,92 x 535 + 8030 = 8522N

Cubic mean load on bearing 1

3,113

Pe, = 0,7937 (9552” + 6958%)"° = 8454N

Cubic mean load on bearing 2
Pes = 0,7937 (6428° + 8522%'° = 761N

16667

_ {31900\ -
i = ( 15 ) CEE7 _ 8954 hours
_ (3180043 16667 _
L'I'UI:E:I = ( 7610 ) 100 = 12233 hours
Life of pair;
1
Lyg =

1 " i 0.8
(8954"'“ 12233"”)

Ly, = 5482 hours




Life adjustments
Basic rating life may be adjusted to take account of:

» increased reliability (factor a,)

» effects of non-conventional materials, heat treatment or
design features (factor ay)

* Lubrication effectiveness and the reduction of material
hardness due to temperature (factor a,)

The adusted rating Ife L, = Lg% 8, ¥ 85 X a4

Reliability factor (a,)

Critical applications may require reliabilities greater than
90% and, in such cases, the Ly, life should be multiplied by
the factors given in Table 9.

Reliability factors Tabie 8

Reliability Ly Life factor a,
% Ly 10
5% Ls 062
6% Ly 0,53
9% Ls 0,44
28% Ly 0,33
0% k, 0,21

Design specification factor {a,)

Cimensional stability of precision rolling bearings is of
paramount importance. RHP Super Precision bearings are
specially heal tfreated fo remain dimensionally stable at all
times, so that smooth accurate performance is achieved.
Bearings subjected to high stabilisation treatment may have
rings and rolling elements of reduced hardness,
consequently the Ly, life should be factored by the life
adjustment factor a.. However, the stabilisation process
adopted for RHP Super Precision bearings does not lead to
a significant reduction in material hardness and, provided
effective lubrication Is maintained at the operational
temperature, the bearings have a design specification life
adjustment factor a, = 1.

Lubrication and operational temperature factor (a,)
Bearing performance is affected by:

+ poor lubrication
= presence of foreign material
* high operational temperatures,

The significance of such conditions on life should be taken
into consideration through the life adjustment factor a4,

Lubrication: lubricant films at the loaded rolling
element/raceway contacts are related to the magnitude of
the load, speed, and lubricant viscosity at the operating
temperature. The procedure for obtaining values of a, for
specific bearings and operating conditions is as follows:

(1) abtain the recommended lubricant viscosity (V) at 40°C
using figs. 53 or 54, page 44

(2) determine the actual lubricant viscosity (¢St) at 40°C

(3) divide the viscosity obtained in {2) by that obtained in (1)
in order o obtain the viscosity ratio (V,) at 40°C

(4} use fig. 55, page 44 to find V, which is the viscosity ratio
at the operating temperature. For speeds less than d_n
of 107 or for V| ratio less than 1, is is reasonable to take
Vi=V;

(5) using the value for W, obtained in (4) the lubrication
factor a, is obtained from fig. 56 on page 44.

Operational temperature: high operating temperatures
may reduce the hardness of the bearing steel components
and affect bearing life. For RHP Super Precision bearings,
an az=1 should be applied when the continuous cperational
temperature exceeds 120°C and advice should be sought
from MNSK-RHP.

5.2 Calculation of static equivalent radial load (P,,}
Applications using high precision bearings normally require
that smooth operation should be maintained after the
application of static loads and it is therefore recommended
that P, should not exceed 40% of the basic static radial
Ioad rating C,, for bearings with steel balls or 26% of C,, for
hybrid bearings.

For radial and angular contact ball bearings the static
equivalent radial load is caloulated from:

Poe = #,F; + Y, Fa of Py, = F, whichever is the greater.

Values for X, and Y, are given in Table 10.

X, and Y, factors Tabte 10
Bearing type i Xo Yo
Single row radiaf ball bearings o 08 0,60
Single row anguiar contact ball bearings 15 0.5 046
20 0.5 042
25 0.5 0,38
3w 0.5 0,33
40’ 0.5 0,26

Hybrid bearings

Note that for hybrid bearings it is recommended that the
static equivalent radial load P, should not exceed 25% of
the basic static radial load rating C,,.

NSK-RHP



dy, = bearing pitch dia {mm)
n = rav/min

50 100 500

Recammended Viscosily V {e5t at 40°C)

Tesnperatures relate 1o the actual lemperature thal the Bearing achievas, or is
eslimated lo achieve in s2rvice when laking inta account all envirenmantal and
operating condilionsg

Flg. 53

Comwrsson of lubrcant viscosity rabo al 40°C (V) to viscosily rabo at
oparaticnal lemperature (V)

1000

8 9

Fig. 55
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dy = baearing pitch dia (mm)
n = rend’min
Lyg = rotating #le (howrs)

5 wo 50 100 500 1000
Recommended Viscosily V (c51 al 40'C)
Fig. 54
Lubzrication factor &,
25
__ Adlual Viscosily (c3I) ;
V= Recammandad Visooally at aperational lemperalure
20
1.5
By
1.0
05
o
a1 1.0 i [¥]
Yy
Fig. 56



5.3 Lubrication
A bearing is lubricated for three main reasons:

{1) to minimise any sliding friction that occurs between
raceways, rolling elements and cage,

{2} to provide corrasion protection for the accurately ground
and palished surfaces,

{3) to dissipate generated heat.

To ensure the successful operation of a spindle assembly,
the importance of correct lubrication cannat be over
emphasised. Two basic types of lubricant are in general
use; oil and greasa.

Oil lubrication

While grease lubrication is inherently simpler than oil
[ubrication, there are applications where oil is a batter
choice, particularly if high speeds are required or if heat
must be carried away from the bearing.

There are two preferred operating regimes when using oil:
minimal lubrication and coplous lubrication,

Extremely small amounts of oil are usually enough to
lubricate a bearing satisfactorily, The oil film thickness at the
rolling elements is typically much less than 0,001 mm, so it is
sufficient for the oil to cover all the surfaces of the bearing
and ensure corrosion prolection. Any excess oil increases the
drag forces during rotation and energy is dissipated as heat,

Up to about 50% of the bearing's normal limiting speed, a
drip feed of oil is adequate, but as speeds increase much
mare precise control is required. Experience has shown that
this is best achieved by an 'OilfAIr system in which
accurately metered amounts of oil are carried in an airstream
and injected into the bearing. An additional benefit from this
system is that the airflow helps to exclude contaminants from
the spindle. Optimum flow may need to be established
experimentally. A guide value for the delivery rate for normal
operafing speed can be estimated from the expression:

V=015 x b x w cuble mm/hour
where b = bearing bore in mm
w = bearing width in mm

The delivery can then be increased or decreased until the
minimum operaling temperalure is achieved.

The design of the nozzle delivering the oilfair mixture into
the bearing is important, The length to diameter ratio of the
nozzle outlet pipe should be in the region of 3 to 5 in arder
to generate sufficient pressure to penetrate the air curtain
generated by the rotating bearing.

Conventional nozzle orentation
Fig. 57

Angled nozzle design
Fiy. 58

The conventional design of nozzle {fig. 57) delivers the oll/air
mixture parallel to the spindle axis and centrally between the
inner ring outside diameter and the cage bore. This provides
perectly adequate lubrication for the majority of applications.
Howaver, tests have shown that by angling the outlet pipe to
the spindle axis (fig. 58) and directing the oil/air mixture at the
intersection of the inner ring outside diameter and the raceway,
bearing operating temperatures can be significantly reduced at
very high speeds for the same oil quantity, see fig. 59,

Bearing aules ring temperaiure ('C)
a0

45 == Conventionsl Hozzie
a0 ~* Angled Nozzie
35
an
26
20

16

TOMDCTZTELPA sel
Fixed profoad
Qilfalr lubrication
O = HEmm’ hounbeg

o T T T
1000 1600 2000 2800 000
Spindle speed {rpm)

Fiy. 59

To use such a nozzle requires more detailed knowledge of
the bearing geometry and this can be obtained from
MSK-RHP. With AHP Ultra high speed bearings, the angled
inner ring shoulder reduces the need for pinpoint accurate
targeting of the oil/air mixture since it aids lubricant flow to
the ball-raceway contact zones.

Increasing the number of nozzles or increasing the air
pressute into the lubricator will act to lower bearing operating
temperature slightly due to the increased cooling effact.
However, a more significant reduction in bearing operating
temperature can be achieved by optimising the oil flow rate,
Ideally this should be determined exparimentally for any
bearing-lubricating nozzle combination and operating speed.
A guide to oil flow rate for high speed bearing operation is;

Q = 7x10°%B.d,.n

Where

Q = ail flow rate (mm*Mhour)

B = bearing width (mm)}

d,, = mean bearing diameter ([mm)

n = maximum spindie operating speed (rpm)

Copious |ubrication with oil may be necessary at high speeds
where minimal |ubrication cannot cope with the frictional heat
or maintain low bearing temperatures. Several litres/minute
may be required and, because substantial amounts of power
are required o overcome the increased resistance to
rotation, some means of cooling the oil is essential.

Whatever type of delivery method is chosen, adequate
drainage must be provided to prevent a build-up of cil. With
copious |lubrication it is recommended that drain passages be
included on both sides of the bearing. Where a recirculatory
system is used, filters should be installed in the delivery line.
It is recommendad that the maximum particle size should not
exceed 5um. Where a minimal lubrication system is fitted, the
oll should be filtered before filling the lubricator or a filler
should be included in the delivery system.
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Oil type

Regardless of the methad of lubrication, a good quality
[ubricant must be selected to minimise oxidation and
foaming. It must be clean and free from moisture 1o raduce
wear. |ts viscosity should be just high enough to allow an
effactive elasto-hydro dynamic (EHD) film to be formed In
the pressure zonas of the baaring. Lubricant viscosity varias
rapidly with temperature and the probable operating
temperature should be considered when selecting the type
of oil.

Many spindles run over a wide speed range and some
compromise may be necessary. The nominal viscosity may
be typically 10-15cSt for high speed operation to about
40cS5t where speads are up to 50% of the raled speed.

Grease Lubrication

The main advantages of grease lubrication are that it
provides an economical method of achieving minimal
lubrication and maintenance free operation over long
periods, It also eliminates the need for an external
lubrication system, permits the use of simple closures and
provides some degree of protection against the ingress of
contaminants. However, grease |ubrication lacks the cooling
effect and constant lubrication replenishment provided by
oilfair. Consequently, bearing speeds and lives with grease
lubrication are lower,

The use of a sofl synthelic grease is assumed in order to
achieve the tabulated limiting speeds, The use of other types
of grease will Influence the speed capability. Speed factors for
a selection of greases are shown on pags 14.

Dedicated high speed bearing designs, such as the

RHP Ultra or hybrid bearings, may permit highar speeds
with grease lubrication than those shown for the standard
range of Super Precision angular contact ball bearings.
MNSK-AHF has established a test method for evaluating high
speed greases in order fo determine their limiting spead
capability whilst maintaining an acceptable life. This is very
important since there are many greases that can operate at
very high speeds but only for a relatively short period of
time,

Tests to date have shown that greases with synthatic
polyalphaolefinfester base cils and lithium complex soaps
tend to operate at lower temperatures than other greasa
types and hence offer higher limiting speed capabilities. This
does not, however, exclude other greases from high speed
operation. With the correct formulation, barium complex,
calcium complex and polyurea thickened greases have also
shown very high speed capability. There are a limited
number of greases commercially available that can be used
in very high speed applications and these are shown on
page 14 along with suggested factors which should be
applied to the tabulated grease limiting speeds.

Mew development samples are continually being evaluated.
For further information as to their performance and
availability, please contact NSK-RHP.

Synthetic greases are most frequently used but for some
applications general purpose mineral oil based grease
provides a satisfactory solution. This is particularly the case
for ball screw support bearings, for which catalogued speeds
refer to bearings lubricated with mineral oil based grease.

RHP Super Precision bearings

The preservative oil in which all RHP Super Precision
bearings are packed is compatible with most greases in
common use but it may not be compatible with some
synthetic greases. If in doubt the preservative oil should be
removed by washing in clean white spirit, iso-propyl alcohol
or similar solvent. If substantial numbers of bearings are to
be cleaned it may be desirable to use two or three
succassive baths, replacing the first one with the second as
it becomeas contaminated with oil and putting fresh salvent
into the second bath, Whatever solvent is used, it must be
thoroughly drained or evaporated from the bearings before
pulting in grease.

Whichever type of grease is selected, care must be taken in
applying the correct quantity and space should be provided
to accommodate any excess expelled during running.

Recommended guantities are listed in the bearing tables on
pages 73-87. The percentage fills are also indicated.

For spindles running in the higher speed ranges, it may be
necessary to reduce the guantity of grease by up to 50% or,
alternatively, adopt a longer running-in period. |t s
recommended that the spindle is run progressively up to full
speed whilst monitoring the temperature. If it reaches 70°C
the spindle should be stopped and allowed to cool before
restarting it.

If small percentage fills are used, it may be desirable to dip
the bearings in a suspension of grease in solvent to ensure
that all the surfaces are coverad. Aller the solvent has
evaporated the grease charge can be applied.

As a service, NSK-RHP can supply bearings pre-greased lo
customer specifications. This practice is recommended to
ensure that the correct type and quantity of grease is
applied under clean conditions.

5.4 Accuracy of assoclated components

Super Precision ball bearings have relatively thin rings and
will take up the shape of the mating shaft or housing, thus
transferring any errors in form to the bearing raceway.
Abutment faces on the associated parts must be square to
the axis of the shafi, or the bearing rings may be misaligned,
resulting in increased runout and higher running
temperatures, particulary on high speed spindles,

To obtain satisfactory results errors of form should not
exceed the values given in figures 60 and 61, and Tables 11
and 12 opposite.
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Tabla 11

Permissible errors of form and position of

components on machine tool spindles

P5 P4
Fa¥:| T3 T2
AD T4 T3
Pk IT3 T2
Ae I3 2
IT = standard 150 iderance qrade
10,001 mm units
Mominal diameter of & i0 18 30 &0 80
shaft andlor housing 10 18 30 S50 BD 130
T
T 06 08 1 1 1,2 15
ITH 1 1.2 15 168 2 25
T2 15 2 25 25 4 4
T3 25 & 4 4 B B

& 7 8 10

IT4 4 &
IT = slandard 150 olerance grada

P2 &P3

111 Ty
Il
T
T2

Table 12

120 180 250 315
180 250 315 400

2 a 4 B
35 45 B8 7
5 7 g 39
g 10
12 14

12
18

i3
13

Out of round of shaft or housing

— 30mm

Mizalignment of bearing sealings

The housing should be robust so that when it is attached to
the machine it is not distorted. When the inner ring is the
rotating member, bearings are mounted almost invariably
with an interference fit on the shaft. A transition fit should be
selected for the housing for locating bearings and a
clearance fit selected for sliding bearings.

Recommended shaft and housing tolerances are given in
Tables 13 to 15, page 48.

Hybrid and RHP Ultra bearings

These tolerances are for bearings rotating at normal speeds
and may not be appropriate for hybrid or RHP Ultra bearings
running at extremely high speed, when the effects of
centrifugal expansion of the inner ring may need to be
considered. In such cases, guidance should be sought from
MNSK-AHF.

D-Dj=AD

Deviafion from eylindrical

form of shaft or housing
Fig. 60

ks
300mm
Run-out of abutment faces

Fig. 61

NSK:RHP



Recommended shaft tolerances Table 13
Shaft limits in pm
Nominal shaft aver = 10 18 an 50 Bo 120 180 250
diameler d mm including 10 18 30 50 BO 120 180 250 318
Shaft limits P5 MEN. +3 3 +3 +3 +3.5 +3.5 +4 i +5
min. -2 -2 -2 -2 —d —4 ~B -0 &
P3 & P4 max 2 +2 +2 +3 +J +3 +3,5 +4 +5
min. -2 -2 -2 2 -2 -3 -4 ] =i
P2 max. +0,5 +0,5 +0,5 +0.5 L2 +2 +3 14 -
min. -2 -2 -2 -2 -2 =2 -3 -4 -
Rasultant fit P5 mean T av ar aT 3,587 3,67 4T 4T 5T
P3 & Pa mean 2T 2T 2T aT ar ar 3.57 4T 5T
P2 mean 05T 0.5T 05T 06T 1,87 ar 3.2T 3.8T =
T = intederence fit
Thase shaft limils apply when the iner rng rolates and the load Bine & constant In direction, For other conditions consult NSK-RHP.
Tighter shalt fits may be necessary to avoid bosening at speeds over 1.6 x 108 d_n,
Please consull NSK-AHP lor advice since this will affecl the preload.
Recommended housing tolerances Table 14
Housing limits (locating bearings) in pm
Mominal housing aviEr 18 30 50 B 120 150 180 250 s
Bora D mm inciuding 30 50 an 120 160 180 250 315 AD0
Housing limits P& mi, +5 +5 +5 +5 +7 +10 +10 +10 A
min. a 4] -2.5 -2.5 -3 -3 =3 -3 ~4
P3 & P4 max. +5 +5 +5 +5 +7 +7 7 +10 +1
min. L] 4] o -2.5 -3 -3 -3 -3 -4
P2 max. +4 +4 +4 5 +5 +5 +5 +5 +7
min. 4] ¢ o a L] -1 =25 -2.5 -
Resultant Tit P5 mean EC BC 5C 5C e 104G 10C 100 1
P3 & P4 mean 50 5C 5C 5C EEC TC TG 100G 106
P2 mean 3,90 3.8C 380 5C 5C 520 50 5C 6,50
C = clearance it
Recommended housing tolerances Table 15
Housing limits (sliding bearings) in pm
Mominal housing aver 18 30 50 Bl 120 150 180 250 HE
bore O mm including an 50 a0 120 150 180 250 316 400
Housing limits P5 max. +T 47 +11 11 +#17 +200 27 +24 +25
min. +& +2 +3.5 +3,5 +7 +7 +8 +11 +i0
P3& P4 max, +7 +7 +7 11 +17 +H7 +18 +24 +25
min, +2 2 &2 +3.5 +7 +7 +0 +11 +10
P2 max, +7 +B +8 11 +13 +13 #15 17 +21
min, +3 +4 +5 +7 +H +7 +7.5 +8.5 +10
Resultani fit P5 mean TG JC 1e 1o 117G 200 22C 240 250
P3 & P4 moean 7 TG hi= 1c 16,50 i7C 19C 24C 240
i Pz mean 6.9C 7.8C 8,95 11Gc 1ac 13,20 15C 127G 20,80
C = clearance Mt

These howsing limits apply when the inner ring roflales and the load line is constant in direction. For other condiions consull NSK—AHP.

RHP Super Precision bearings
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5.5 General considerations in spindle design

Machine tool spindles are one of the most demanding of
applications for bearings and their design depends upon a
number of factors, some of which are:

* the magnitude and direction of the forces

= the spaed range

* the permissible deflections

» the space available for the bearings

» the type of machine and spindle proportions possible,

The minimum bearing size is governed by the forces
imposed and the maximum may be limited by the required
speed or the space available. In the majority of casas
angular contact ball bearings provide a suitable solution,
Radial ball bearings may be adequate whete loads are light
and stiffness requirements are not demanding.

Machine tool spindles require that the stiffness is optimized
but with a minimum temperature rise when operating at high
speeds. If this is not achieved the consistent precision that is
required from a modern machine ool will not be obtained.
When designing for high slifiness, it is necessary not only to
take into account bearing, but also spindle deflection.

B-aaﬁ
—h______} daflactan

Spandie
dgl'inE\':lim

Bearing and spindle deflections
Fin. 62

The front bearing set should be positioned to minimise the
overhang 1o the spindle nose. Should the set contain
spacers they should not be so long that they unduly
influence the efleclive position of the bearings.

It is desirable that spacing should optimise spindle stiffness.
This requires examination of the relative contributions to
deflection which arise from both the bearing deflections and
spindle bending (fig. 62). As a guide, radial sliffness
characteristics of paired bearings can be derived by using
the following approximations:

radial stiffness = 5 x axial stiffness for 15" contact angle
= 2 x axial stiffness for 25° contact angle

To optimise stiffness of a spindle system, the lightest section
bearings should be selected that are capable of giving an
acceptable life under the loads and speeds to be imposed.
This allows the maximum spindle dimensions to be used
within any given envelope as well as improving speed
capability with the lighter section bearings. As a general
guide the value of static radial sémrness at the spindle nose
should be greater than 1,75x10° N/m, although this value is
unlikely to be achieved on small machines,

Dynamic stiffness

In order to reduce the possibility of chatter, the spindla
should have not only a high static stiffness but also a high
resonant frequency and dynamic stiffness, It does not follow
that a system with high static stifiness will also have a high
dynamic sfiffness.

As a guide, the first resonant frequency should be at least
200 Hz, although this may not always be possible to achieve
on machines with extended spindles, such as horizontal
boring machines. The first resonant frequency should
excead the maximum spindle speed by at least 20%.

Generally the chatter threshold increases with dynamic
stiffness, though the latter is affected by the degree of
damping in the spindla. The inherent damping at the rolling
element contact of ball bearings is low and the majority of
damping in the system arises between the outside diameter
of the bearing and the bore of the housing. To maximise its
effects, the damping element should be situated at the point
whare the greatest movement takes place on the spindle,
usually at the rear. The clearance fit, which is normally
necassary at the rear, tharefore contributes to the damping
of the spindle. Clearances must be controlled to optimise the
amount of movement, otherwise the effective static stiffiness
of the bearings is reduced. However, the rear bearing has a
less significant effect on the overall spindle stiffness than the
front bearings which should be fitted with the smallest
possible clearance in the housing.

Except in the simplest of cases, it is not possible to
determine dynamic characteristics without the use of a
computer. NSK-AHP has developed sophisticated computer
programmes for bearing and spindle calculations and as a
sarvice to customers will carry out analysis of spindle
behaviour under both static and dynamic conditions,
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Static deflection program
The static deflection program assesses the static stifiness of
the spindle assembly.

The spindle is modelled as a number of eylindrical elaments
(tig. 63} and the program input data comprises dimensional
parameters of each element together with radial, tilt and
axial bearing stiffnesses and damping levels.

The effects of both bending and shear are taken into
account. Deflection due to shear can contribute a significant
amount to the overall deflection if the length/diameter ratic
of the shaft is less than two. Forces can be applied on any
element of the spindle and the program outpul data
comprises spindle static stiffiness, forces and deflection at
each element together with bearing loads. The effects of
different drive or cutting loads can easily be observed. A
graphical representation of the deflected shape of the
spindle is plotted as shown in fig. 64,

Workplace
Chuck

Chuck eylinder Egaring Baaring

Computer model of spindle
Firy. 63

___/

Static deleclion curve
Flg. 64

_ ——

————

’/'D?“Emic deflection nmre\

Fig. 65
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Dynamic deflection program

The dynamic daflection program calculates the dynamic
characteristics of a spindle arrangement. The program input
is the same as for the static deflection program and takes
into account the effects of bending, shear and rotary inertia.
|t iz capable of extension to include gyroscopic effects.

The program enables the natural frequencies and the
corresponding dynamic deflection of the spindle fo be
determined, and also provides plots of the dynamic flexibility
and the shape of the spindle at any selected frequency. The
deflected spindle shape can be represented graphically, see
fig. 65, and a plot of phase angle can alsc be provided, the
slope of which, at resonance, indicates the amount of
damping in the spindle assembly. Fig. 66 illustrates the
dynamic flexibility and phase angle plots of a typical spindle
arrangement.
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5.6 Installation and replacement of bearings

Bearings are high guality items and should be treated as
such. Although when installed they can carry heavy loads,
they can be easily damaged by rough handiing before
mounting and should be left in their protective packs until
required for use to avoid contamination. Fitting should
always be carried out in an area which has been set aside
solely for work on clean assemblies, Cutting tools, abrasives
and similar materials should be kept away from the fitting
bench. Preferably the area should be temperature controlled
to facilitate the reliable measurement of components before
assembly. All compenents must be thoroughly cleaned before
starting work.

Ter achieve the best performance and consistent behaviour
from a series of spindles, it is recommended that seleciive
assembly is used. To abtain optimum mounting fits, the bores
and oulside diameters of RHP Super Precision bearings are
graded (see page 7). The spindles and housings should be
similarly measured and graded so that, as far as possible, the
mean fits given in the tables of recommended shaft and
housing tolerancas, page 48, are achieved.

Bearing retention

It is essential that bearings should be securely held on the
spindle and in the housing, The most commaon and
convenient method of retention on the spindle is by
precision locknuts and, In the housing, by screw secured
caps. However, screw threads are frequently a source of
misalignment and locknuts must be manufaciured with
threads which are sguare with the clamping face of the
locknut within the tolerances shown in Table 11, page 47,

An alternative fo the locknut is a sleeve which is an
interference fit on the spindle (fig. 67). It is usually easier to
achieve the necessary precision since the bore and location
face of the sleeve can be ground at the same set up. The
sleeve has a small step in the bore and it is first heated to
expand it, then it is located on a corresponding step on the
spindle. Hydraulic pressure is introduced between the
spindle and sleeve which is pressed home and pressure is
released. Dismantling follows the reverse procedure.

A long sleeve between the front and rear bearings can be
used to sliffen a spindle as seen in fig. 79, page 59. The fit
need not be tight but the clearance must be controlled so
that cul of balance forces are not introduced. Since the
bending forces are transmitted across the faces they must be
flat and parallel within 0,0025 mm and have a good surface
finish if the sleeve is to be effective in stiffening the spindle: a
value of 0,8 um R, is recommended. Such a sleeve can
introduce substantial bending into a spindle if the faces are
not parallal,

Torque on spindle lock nut
The torque required just to close the preload gap may be
estimated from the following exprassion;

Torque in Nm =
2 x diameter of thread on spindle in mm x preload in N

10,000

The applied torque should exceed this value by a factor of 5
te 10 times, depending on application and value of preload
to be obtained. Excessive torque should not be applied,
since it may compress spacers or induce distortion which
significantly modifies preload. When very high torque is
applied for operational reasons, for example to avoid
slackening under heavy vibration, compression of spacers
should be taken into account when specifying.

Bearing relention by a sleave

g, 67

Inspection

Prior to measurement, the components and measuring
equipment should be left together for three to four hours so
that they can attain the same temperature, preferably 20°C.
Because the tolerances involved in this type of work are
extramely small, measurement is preferably carried out by
using comparative rather than absolute methods. Slip gauges
or calibrated discs are used to set an external micrometer or
dial snap gauge for spindles, and calibrated ring gauges are
used to set an intermal micrometer for housings.

RHF Super Precision bearings are always marked on the rings
at the peint of maximum ring thickness so that they can be
aligned on the spindle and in the housing in order to minimise
the effects of eccentricily in the assembly (see page 7). To take
advantage of this feature it is necessary to identify the points of
maximum eccentricity in the spindle and housing.
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The spindle is supported on the bearing diameters in vee-
blocks with a gauge ball in one end which is held against a
bracket or weighted block (figs. 68 and 69). A dial gauge
with 0,002 mm divisions resting against the tool location
diameter indicates the runout.

For spindle internal location diameters, when mounting the
bearings on the spindle, the high points of runout marked on
the inner rings of the bearings are positionad at the point
where the minimum reading is shown on the dial gauge. For
spindle external location diameters, the high points marked
on the inner rings are positioned at the point of the
maximum reading on the gauge. The high points of runout
an the inner rings of any pair or set should be axially in line
with each other and with those of other bearings on the
spindle. The axial runouts of the bearing location faces are
measured al the same set-up. The values should conform
with those stated on page 47,

It the spindle has centres they may be used to support it to
locate the points of maximum runout but it is essential that
they are accurate and undamaged. If this method is used, it
is necessary to observe the runouts of both the bearing and
tool location diameters to determine their relative runout, it
is less direct and, therefore, less preferable.

Tl locatan
diamater

reem——

Measuring the poind of makimum geconlocaly
Flg. 68

Internal localion
diameler

[ é@

Keasunng the poml of maximum eccentricity
Fig. &8

RHP Super Precision bearings

It is desirable to check the misalignment betwean the
bearing seatings in the spindle housing. Modern practice is
to use a coordinate measuring machine for inspection but if
sultable equipment is not available more basic methods may
be used. A cylindrical housing can be supported in vee-
blocks and rotated to locate and measure the points of
maximum eccentricity. Prismatic housings should be
manufactured with datum faces lo facilitate measurement
{see fig. 70, page 53). The housing is placed on a surface
plate and aligned so that the longer bearing seating bore is
parallel to the plate. Its height and diameter are then
measured and the height to the centre ling is calculated.
The bearing seating bore at the other end of the housing is
similarly measured and its height calculaled. The housing is
then placed on its other datum face and the same
procadure is repeated. It is then possible to calculate the
relative misalignment of the two seatings. Provided the
misalignment does not exceed the recommendations on
page 47, the high points of radial runout of the outer rings
are aligned with each other and with those of other groups
of bearings in the housings.

Assembly

Bearings should be fitted on to the spindle by using a sleeve
pressed against the inner ring (fig. 71, page 53). They
should not be driven on to the spindle by striking directly on
the rings with a hammer, nor should force be applied to the
inner nng through the outer ring and balls,

Certain types of spindle which are of slender proportions are
easily bent by locknuts which do not have faces that are truly
square to the threads (figs, 72a and 72b, page 53). Modam
practice is to ensure that all components are manufactured
with the required degree of accuracy and not to permit Titting
adjustments but if this has not been done it may be necessary
to scrape the locknut faces to correct the misalignment. It may
also be necessary when spindles are rebuilt.

To determine whether this is necassary, the runout of the
tool pilot diameter is checked after the spindle and bearings
have been installed in the housing and the retaining caps, or
locking rings, have been tightened against the bearing outer
rings. If it differs significantly from that measured in the
component form some corrective action may be necessary.

The spindle is rotated and the point of maximum runout is
ohserved and marked on the spindle. The locknut is marked
on the opposite side to the maximum runout. This identifies
the area where material is to be removed from the nut face,
A small crescent-shaped area is scraped, the depth of
scraping gradually tapering off at the ends of the crascent
{fig. 73, page 53). The locknut is then remounted on tha
spindle and the runout is again measured. This procedure is
repeated until the runout is within an acceptable value.

e
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Running in

The running surfaces of Super Precision bearings are
already finished to a high degree and it is unlikely that
running in will make them any better. The running in process
is really for the distribution of lubricant within the bearings.

Qil is distributed quickly as it flows into the bearings, so there
is no need for & running in period unless the flow rate is
extramaely low, as in the case of oil/air or oil mist lubrication.
The preservative oll in which the bearings are packed may
have a relatively high viscosity and it may take some time for
it to be washed out, during which time higher drag may
causa a higher than usual rise in temperature. If this should
happen it is desirable to run at reduced speed for a period.

To minimise this period the preservative may be washed
from the bearings before assembly and replaced with the
operating lubricant.

Area lo be scraped

Fig. 73

With grease lubrication the situation is different. Often the
quantity of grease pul into the bearings is more than
necassary for effective lubrication and the running in period
enables excess grease 1o be expelled.

Every installation is different and ideally the user should
determine the optimum running in sequence. The best guide
is temperature, The bearings should be run as fast as
possible but without overheating the grease. The
temperature should not exceed 70°C at the bearing, even
though the grease may be capable of running at higher
temparatures,

The spindle should be started at a few hundrad rpm and run
for a few minutes. If everything is satisfactory, speed can be
increased in steps of 500-1000 rpm and run at each speed
for 15-30 minutes. If the temperature rises only slowly or
stabilises quickly the next step can be taken, If it continues
to rise guickly the time at lower speed should be extended
until it begins to stabilise, If it does not stabilise the spindle
should be stopped and allowed to cool before restarting. As
full speed is approached it may be necessary to extend the
interval and reduce the spead steps.
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The time required for running in varies according to the
application but for spindles operating around the maximum
recommended speed for the arrangement, a period of

8 hours is typical.

Running in time can be minimised by ensuring that bearings
are not overpacked with grease, that the correct grease is
selected for the application and by designing adjacent parts
so that there is generous space to accommodate grease
which is expelled from the bearings.

When variable spindle speeds are not available, an
alternative method of running in is to run the spindle at full
speed for about 30 seconds then stop and allow it to cool
for 3-4 minutes. The cycle is repeated until temperatures
begin to fall. 40 or 50 repetitiocns may be needed, Again it is
necessary to monitor temperatura.

A progressive run up is preferable, since it is easier to
monitor and control temperature,

Fault finding

Prior to the replacement of falled bearings, it is essential to
identify the reason for failure, Before the spindle is removed
from the machine, it should be confirmed that the fault does
not lie in some other part such as tooling or slideways.
Common reasons for bearing replacement are ingress of
contamination, poor lubrication, poor fitting practices or
incorrect fits.

Contamination is the most frequent cause of failure and this
may arize at fitting or through faulty sealing. Wear occurs
and the bearings become noisy. Eventually the spindle will
cease to operate satisfactarily, The balls and raceways
exhibit fine denis and the balls probably have circular
scralches creatad by debris trapped in the cage pockels.
Often debris can be seen in the bearing.

Ball bearings usually require anly small guantities of
lubricant as too much causes high temperature due to
churning. Lack of lubrication also causes high temperature
and the bearings may also screach, When they are
dismantled the surfaces exhibit discolouration from heat,

Bearings may easily be damaged during fitting. Pressing
them on 1o the shaft by applying force to the outer ring may
cause the balls io indent the raceways which will
immediately give rise to noise ar vibration when operating.
They should always be fitted by using a tube pressing
against the inner ring.

The rings must be fitted squaraly against the shoulder, If
misalignment exists additional stresses are created which
will shorten the life, If considerable misalignment is present,
the position of the ball running path can be seen to run from
side to side of the raceway. Compaonents would normally be
expected to have cormect alignments but accidental damage,
particularly at disassembly, may have affected them and
they should be checked before rebuild.

RHP Super Precision bearings
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A leose (it of the inner ring on the spindle may give rise to
fretting corrosion, especially under vibratory conditions.
This produces abrasive debris which may enter the bearing,
causing wear and noisy running. It will also degrade any
lubrication, particularly grease.

Housing fits are not usually tight but, if excessively loose,
the outer ring can rotate under oul-of-balance loads and the
housing eventually wears. Fretting corrosion may also
resull. On the other hand, if bearings are unable to slide in
the housing to take up thermal expansion of the spindle,
extremely high loads between baaring sets can result and
early failure ocours, Where back-to-back pairs of similar load
capacity are used, the inner bearing of each pair fails.



5.7 Typical applications

High speed precision grinding spindle

The high speed grinding spindle (fig. 74) has tandem pairs of
angular contact ball bearings at each end, the pairs being
mounted back-to-back to each other. Bearings with 15
contact angle are usually used for this type of application
since they have a higher speed capability and loads are radial
rather than axial. Preload is applied by a sel of compression
springs equally spaced around the spring carrier. Its value is
govemned by speed, culling loads and belt loads, temperature
and stiffness requirements. To run successiully at high
speeds, substantial preload may be necessary,

The assembly may be greased for life and sealed against
the ingress of forelgn matter by labyrinths and slingers.
Spacers between the bearings provide room for grease
which may be expelled during running in. P4 class bearings
are used, Alternatively P2 bearings are used for the highest
speads in which case lubrication is by oilfair or oil mist
which is directed beneath the cage.

uOn o
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High speed precision grinding spindle
Fig. 74

Precision toolroom surface grinder spindle

The spindle for the surface grinder (fig. 75) uses two pairs
ol angular contact bearings with light preload mounted
back-to-back to give the required degree of rigidity with
acceptably low operating temperatures. Generally, radial
stiffness is more important in this type of application and
bearings with a 15" contact angle are used.

The front pair locates the spindle axially and the rear pair is
allowed ta move axially within the housing to accommodate
thermal expansion,

P4 tolerance class bearings are used which are grease
lubricated for life at assembly.

| —

Frecision leolroom sudace grinder spindle
Fig. 75
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Machining centre motorised spindle

The requirement for higher speeds on machining centres
has resulted in a move towards motorised spindles in place
of balt driven spindles, fig 76

This spindle incorporates a set of four bearings in a QB
arrangement al the front. The rear is supported in a radial
ball bearing. This is free to slide in the housing to
accommodate axial movement arising from thermal
expansion, Disc or coil springs may be incorporated to
eliminate internal clearance by applying a low preload Yo the
bearing. Depending on leads and speeds, it may be
replaced by a spring preloaded single angular contact ball
bearing or a back-to-back pair.

Generally the front set has 15" contact angle and preload is
light or extra light. Speed considerations may indicate the use
of RHP Excel (small ball) or RHP Ultra bearings. For the
highest speeds, hybrid (ceramic ball) bearings are selected.

Grease lubrication may be used but for reliability and speed,
oilfair Is more usual. Each angular contact ball bearing is
individually supplied through a plug in nozzle (only one
shown), and particular attention is paid to drainage in order
to aveoid overheating due to churning. The supply [et to the
rear bearing is incorporated in the bearing cap.

A cooling jacket surrounds the stator. The front bearings
may also be cooled but it is important to avoid overcooling,
since this increases temperature differentials and increases
transient rises in preload.

The cooling medium temperature is generally maintained a
few degrees higher than ambient to avoid condensation.

Machining centre molonsead spindle

Fig. 76

RHP Super Precision bearings
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High speed motorised spindle

To achieve the highest speeds, controlled preload is
necessary. In this arrangement springs are used to apply a
minimum value of preload and a piston which is loaded by
pneumatic or hydraulic pressure applies additional preload
which can be changed to suit operating conditions, thus
optimising parformance.

Consideration is also given to the resonant frequencies
(whirling speed) when designing high speed spindles.

Tandem pairs of angular contact ball bearings support the
spindle. The front pair provides axial location. The rear pair
is mounted in a housing supported by a linear ball cage,
and is preloaded against the front pair.

Bearings may be normal, RHP Excel (small ball) or BHP
Ultra design with steel or ceramic balls according to the
required speed, Contact angle is usually 15°. For extremely
high speeds tighter than normal fits may be necessary in
order to avoid loosening of the inner ring under centrifugal
farce. In this case it may be desirable to select bearings
with a higher nominal contact angle to accommeodate the
reduction in internal clearance.

Oilfair lubrication is used. Each bearing is individually
lubricated and in this lllustration the supply poris are integral
with the bearing spacers and housings. Large drains are
provided,

A cooling jacket surrounds the stator. The front bearings
may also be cooled. The cooling medium temperature is
generally maintained a few degrees higher than ambient to
avoid condensation.

High spaed molonsad spindie

Fig. 77
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Medium speed spindle

A typical arrangement for modern turning machines or
machining centres is shown in fig. 78. A set of three angular
contact ball bearings at the spindle nose mounted as a
tandem pair oppesed by a single bearing effectively
supporis heavy radial and axial cutting forces, Contact angle
may be 15" or 25", depending on load, speed and stifiness
requirements. Light preload is usually suitable. A back-to-
back pair of angular contact ball bearings at the rear of the

spindle supparts the substantial loads from the drive belt.
They can move axially to take up thermal expansion. The
contact angle is 15" and preload is light.

P4 ar P3 class bearings are usually used. Lubrication is
usually synthetic grease, but oil/air may be used for higher
speeds. Spacers in the front bearing set provide room for
excess grease 1o be expelled or permit access for |ubricant
to be infroduced between bearings,

Medium spaad spindle

Fig. 78

RHP Super Precision bearings
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Workhead spindle

The arrangement in fig. 79 is typical of grinding machine
workheads and is an alternative for turning machines and
machining cenlres. |t is less sensitive to the changes in
preload that occur as speed increases and will therefore
operate at lower temperatures than the preceding
arrangement, However, there will be some transient
increase in preload untll the spindle has run leng enough for
ternperatures to stabilise.

Tandem pairs of angular contact ball bearings at each end
of the spindle are rigidly spaced atl a distance which is
determined so that internal axial and radial tharmal
expansion compensalte for each other,

Although the radial stifiness of the pair is less than that of the
set of three bearings, the effective position is closer 1o the
spindle nose and spindle stiffness is not significantly
affected. Because of the need to contral thermal effects it
may not ba possible to optimise bearing spacing for stiffness,

P4, P3 or P2 bearings are used depending on speed and
the degree of precision required.

Lubrication is by synthetic grease or oilair,

Workhead spindie

Fig. 74
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Fine boring spindle

Low operating temperatures are necessary for fine boring The inner bearing of the front pair and the bearings of the
spindles (fig. 80) and the accurate control of preload which rear pair slide in the housing. Generally, radial stiffnass is
is possible by individually spring loading the front and rear mare important than axial stiffness and 15° contact angle is
bearing pairs contributes to this. In order to achieve the used.

required stiffness the value of preload may be high, possibly = .

of the order of heavy preload in a face adjusted pair. P2 or P3 bearings are used to minimise runout. Lubrication

is usually by grease but may be by cilfair,

Fine boring spindle
Fig. 80

RHP Super Precision bearings
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Light duty precision vertical milling spindle

The spindle (fig. 81) incorporates an angular contact ball The drive pulley is mounted in a second pair of bearings,
bearing pair at the nose and a single row radial ball bearing These may be normal precision (standard) sealed bearings
which is free to move in the housing at the drive end. The or grease lubricated angular contact ball bearings,

contact angle is usually 15" and, because thermal expansion
may cause the quill to jam in the housing, preload is restrictad
to flush faces or light in order to maintain low temperatures.
Tha P4 bearings are grease lubricated for life,

Light duty precision vertical milling spindie

Fig. 81
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Tailstock live centre

This live centre (fig. 82) comprises a matched set of four The use of angular contact ball bearings with their low
angular contact ball bearings, three mounted in tandam frictional level reduces the rotational resisiance and
opposed by a single bearing. |t is capable of withstanding the minimises the possibility of the centre welding into the
heavy thrust load imposed in this type of application. In some component. P4 or P3 bearings are used according to the
cases the rearmost bearnng is of a smaller diameter lo avoid accuracy required. They are often grease lubricated for life.
prassing the front set over its seating. The front set usually

has a contact angle of 25" or 30°. The rearmast bearing may

have 16" contacl angle to avoid preload relief at high axial

loads which may result in skidding at high speeds.

Taitstock lve centra
Fig. 82

RHP Super Precision bearings
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Ball screw support bearings (figs. 83, 84 and 85)
Mumerically confrolled machine tools demand high accuracy
and, to minimise deflections arising from traverse drives,
bearings are used which are specifically designed to give
high axial stiffness.

In fig. 83, the screw is short and support is at one end only.
The bearings are mouniad directly in the machinga frame and
are back-to-back.

Ball screw support bearings
Fig. 83

Fig. 84 shows a longer ball screw supported at its free end by
a single row radial ball bearing which is free to slide in its
housing. It is located axially by a sef of four ball screw support
bearings mounted in a housing that is independent of the
machine structure. The housing and bearings are supplied as
a package complete with grease lubrication. The drive is

In some casas they may be in a face-to-face configuration
to accommodate any small misalignment between the slide
and ball screw axis. There is a direct drive to the ball scraw
through a torsicnally rigid coupling which transmits no radial
loads to the bearings. Grease lubrication is generally
suitable and the bearings are usually supplied pre-packed
for installation.

by means of a timing belt, the radial loads from which are
carried by the ball screw support bearing cartridge unit,

Ball screw support bearings are not intended for radial loads
in excess of about 90% of the preload. If loads are higher il
may be necessary to introduce an additional radial bearing.

Ball screw supporl bearings

Fig. 84



Fig. 85 shows a ball screw which is supported at both ends in
ball screw support beatings. This arrangement is sometimes
adopted for long ball screws with the intention of increasing
system stiffiness. It is essential to consider the effects of
thermal expansion when designing such an arrangement.

Generally, the ball screw will operate at a higher
temperature than the machine structure which will cause
compressive loads on the ball screw, This may result in
preload being completely relieved from some bearings of
each set and excessive loads being applied to the others,
The overall stiffness of the assembly will also be reduced,

To minimise these effects the ball screw may be pretensioned
at assembly by spacers beneath the flange of the housing or
nuts on the ball screw. The value of pretension will depend on
individual circurnstances. |deally, the amount of stretch should
be equal to the thermal expansion. Howaver, it should not be
so great that excessive axial loads are applied 1o the bearings.
A suggested value is 10-20% of bearing preload.

Ball scrow support bearings

Fig. 85

RHP Super Precision bearings
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Part 6

Bearing tables

This section covers:
@ Inner and outer ring tolerances

@ Axial preloads and stiffness values for paired angular
contact ball bearings

@ Differences in spacer length for conversion of preload of
palred bearings

@® Angular contact ball bearing designation system and
dimension tables

@ Single row radial ball bearing designation system and
dimension Table

@ Ball screw support bearing designation system and
dimension lables

@ Ball screw carridge unit dimension tables

® Ball screw pillow block dimension tables

NSK-RHP



Part 6 Bearing tables

Inner ring tolerances in pm

Hominal bore diamater over 0,6 10 18
d mm Ineluding 10 18 30
Deaviation of mean bore diameter PS5 -5 =5 =5
P3 & P4 —i —4 -4
B (+0) P2 -2.5 -2.5 ~2.5
Radial runout of an assembled
bearing inner ring P5 as 3.5 4
P4 2.5 2.5 2.5
Ko P3 & P2 1.3 1.4 25
Reference face runout with bore P5S 7 7 1.5
P4 2.5 2,5 4
85, P3 & P2 1.4 1.3 1.3
Raceway groove runcul with
reference face P5 7 7 756
P4 2.5 2.5 4
S, Pl & P2 13 1.3 2.5
Width B-devlations P5 =40 -B0 -120
P3 & P4 —df —B0 =120
A (40 P2 -40 —ED —120
Width B-deviations P5 250 250 —260
{face adjusted rings)* P3 & P4 —250 —250 =250
& gy [+0) P2 ~250 250 —250
Width B-varlation of Individual ring PS5 5 5 5
P3 & P4 25 2.5 2.5
Voa Pz 1.3 1.3 1.3

“Toy pbitain the overall width lolarance for matched units, mulliply the single bearing ring widih deviation tolerance by the number of bearings in the sat,

Outer ring tolerances in pm

Nominal outside diameter Qwer 18 30
D mm including 30 50
Deviation of mean outside diameter PS5 & -5
P3 & P4 -5 -5
By {+0) (] -3,8 -3.8
Radial runout of an assembled bearing P& 5 5
outer ring P4 4 5
K., P3 & P2 2.5 2.5
Oulside diameter runout with
reference face 2] 7.5 .5
P4 4
Sy P3 & P2 1.3 1,3
Raceway groove runoul with reference PS5 7.5 7.8
face P4 & 5
Sen P3 & P2 2.5 2.8

50

-5
-5
-3,8

7.5
38
b
L]
1.3
14

5
a8

The widih deviation (£ ) and variation (V) for-an outer ring Is the same as that of the innar ring [£, and Vi, } of the same Bearing.

RHP Super Precision bearings

Tabis 16
30 50 B0 120 150 160 250
50 a0 120 150 180 250 315
-5 -7.5 7.5 =10 -1 -13 -13
=5 -5 -6 -1.5 7.6 ~1i0 -13
-2.5 -38 =51 -6.4 -6, -7.5 -
5 5 B 7.5 7.5 10 13
4 4 5 & fi 75 10
25 25 25 2.5 5 5 -
7.5 75 1.5 10 10 10 13
4 5 5 i3 [ ¥ 10
1.3 1,3 2.5 2.5 38 3.8 -
7.5 7.5 3 10 i {¢] 13 15
4 4 5 7 7 7.6 10
2.5 2.5 25 25 & [ -
120 -150 -200 —-250 —260 ~300 -350
-120 —150 —200 ~250 —2580 -300 350
-120 ~160 —200 -250 260 -300 -
-260 -250 -375 -a7s5 -375 ~500 ~500
250 -280 -375 -376 -a75 —B00 -600
—260 -250 -a7s -375 -375 ~500 -
5 5 7 7.5 7.5 10 13
25 4 4 5 5 5 7.5
1.3 1,3 25 25 4 4 £
Table 17
B0 120 150 180 250 315
120 150 1680 260 315 A00
-1.5 -10 -13 —13 -13 -15
~7.5 -0 -0 -0 -13 -13
-5 -5 ~B,4 -7.5 -1.5 -10
10 i0 13 13 16 18
5 7 1.5 10 10 13
5 5 § (] 6,4 7.5
7.5 i0 10 10 ] 13
5 5 8 7 15 10
2.5 2.5 2.6 3.8 a8 B
1 13 14 15 18 20
g 7 7.5 10 10 13
5 5 5 6.4 6.4 7.5
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Axial preload values for paired angular contact ball bearings with steel balls

Bore code  Confacl 79** series T0** garias
reference angla Freload level Preload level
L M H L M H
N N
00 6] 25 75 i50
E a0 130 250
o1 [+ an BS 170
E 45 140 28D
02 £ w85 f9n
E 50 180 310
03 c 25 75 150 a6 10 220
E 40 125 250 B0 180 a7
04 C 45 135 270 BD 185 310
E 75280 a40 B85 250 B0
05 C 50 140 285 55 170 340
E 75 230 A6 a5 280 GE0
06 G 50 155 305 75 920 440
E B5 250 495 120 380 7O
o7 o 55 {70 340 BS 850 50O
E 8 275 550 140 410 B30
08 (o 85 250 500 80 270 540
E 135 405 815 150 440 880
09 c 80 270 535 120 380 720
E 145 430 880 200 500 1200
10 C 100 200 585 130 @60 760
E 160 475 845 240 620 1200
11 G 15 340 680 170 520 1000
E 185 550 1100 200 B60 1700
12 (v 120 350 720 180 5S40 1100
E 195 585 1170 290 ®BOD 1800
13 o 125 385 730 180 550 1100
E 200 595 1190 900 200 1800
14 4 165 GO0 1000 240 710 1400
E 270 A5 1630 3990 1200 2300
15 ] 170 B10 1020 240 730 1500
E 275 B30 1660 400 1200 2400
16 ) 176 520 1040 H00 900 1800
E 280 845 1600 400 1600 3000
17 o 225 BY0 1340 310 930 1800
E 370 100 2210 510 1500 3000
18 C 230 B0 1380 a70 1100 2200
E 375 19120 2240 00 1800 3600
19 c 230 690 1380 380 1100 2300
E 385 1160 2310 810 1800 3700
20 el 245  7A0 1460 390 1200 2300
E 300 1170 2350 B30 1900 3800
21 C 300 800 1800 450 1300 2700
E 490 1460 2930 720 2200 4300
22 c M0 830 1880 520 1600 2100
E 505 1520 3040 850 2500 5100
24 c 380 1140 2280 530 1600 3200
E 620 1865 3730 B8O 2800 5200
26 [ 450 1340 2680 GO 2000 4100
E 795 2470 4350 1100 9300  6EOO
28 c 500 1600 3000 BSO 2100 4200
E B15 2450 4000 1100 9400  6RBOO
30 c G20 18E0 3700 790 2400 4700
E 1010 A030 G120 1500 3800 FROO
32 c 635 1900 3800 BEO 2600 5300
d 1030 3100 G200 1400 4300  BEOD
34 & 655 1960 3820 1100 3300 6500
E 1070 3210 B420 1800 5300 11000
36 C 805 2400 4200 1200 3700 7300
E 1310 3830 7870 2000 6000 12000
38 G 865 25080 5160 1300 3BOO  7EO00
E 1400 4210 B420 2000 6100 12000
40 C 1110 3320 G640 1400 4200  B300
E 1800 5380 10750 2300 6000 14000
44 G 1140 3400 6800
E 1840 5520 11050
48 c N0 9510 7000
E 1820 5600 11200
52 c 1480 4380  BAKD
E 2040 FOS0 14100
56 C 1650 4850 9100
E 2670 TEBO 14400

X70** = AHP Excel, TA0" = RHP Lira

Tabie 18

72" gerles 73" series X70** saeries T70"* series
Preload level Pretoad leval Preload level Preload level
L M H L M H X L M H L

N N M M
a0 100 200

55 120 30

a5 1o 220

a0 180 380

40 120 230

65 2000 320

50 140 220 7O 245 490

B0 240 480 130 390 780

65 200 400 a0 305 615 25 40 90 175 33
10 330 BE0 165 485 980 40 80 180 3T0

75 220 450 140 420 B840 a0 70 130 260 46
120 aAT0 730 225 B75 1300 70 130 265 505

110 320 G40 170 610 1200 30 70 130 et 54
180 530 1100 325 576 1600 75 140 285 530

130 300 a0 190 Y25 1400 40 ap 170 360 [T}
210 B4 1300 300 1200 2300 90 175 345 T

180 530 1100 220 800 1800 B0 110 220 A5 T2
290 880 1800 490 16500 2800 120 220 420 845

210 B30 1300 310 110D 2200 70O 1256 265 616 53
350 1000 2100 580 1700 3500 tas 260 530 1070

230 B30 1400 365 1300 2500 f0 130 280 530 a3
3™ 1o0 2200 675 2000 4100 130 280 530 10940

270 A10 1600 420 1600 2000 A5 185 360 G20 108
450 1300 2700 780 2300 4700 170 330 ¥20 1420

330 a0 2000 516 1800 3600 B85 185 3fo 710 122
3o 1800 3200 455 2000 5700 180 350 M0 1420

Jmn oy 2200 545 1900 3800 110 220 420 Baj 137
Bi0 1800 3700 1000 3000 6100 220 420 860 1790

300 1200 2300 8655 2300 4500 11 220 430 B3O 154
gd0 1000 3900 1200 3600 Y300 220 420 8B0 1830

410 1200 2400 100 25000 4500 126 275 540 1070 1648
B0 2000 4000 1300 4000 TSRO0 ZB0 580 1080 2270

470 1400 2800 Te0 2600 5300 150 320 &30 1280 180
T8O 2300  4Y00 1400 4200 B400 320 630 1260 2410

530 1600 3200 176 365 VOO 1430 198
BE0 2600 5300 330 680 1430 2680

520 1800 3500 190 400 78O 1600 221
980 2900 5900 385 700 1580 3070

10 200 4200 955 3300 6600 195 405 800 1640
1200 3500 7000 1800 5300 10600 480 800 1610 5150

BOO 2400 4800 1150 3500 GEO0 205 430 B8 1810
1300 3900  7O00 1900 5600 11300 400 840 810 3480

B30 2500 5000 225 400 070 1960
1400 4100 8300 465 1000 2000 3200

BO0  2v00 5400 250 530 1070 2180
1500 4400 BOOO 550 1040 2200 4480

930 2800 5800 N5 G0 1230 2450
1500 4600 9100 7S 1190 24680 4915

1100 3300 G500 395 VOO0 1580 310

1800 5400 11000 785 15800 3170 6140

1103 3400 G800 405  8&15 1r00 3380
1900 5600 11000 785 1850 3340 G690
1200 3700 7300 440  BBO 1770 3580
2000  BODD 12000 900 1800 3550 7180

NSK-RHP
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Table 18

E{ial stiffness values for paired angular contact ball bearings with steel balls

Bore code  Conlact 79" serles 70** serles T2'* serles T3** serles XT0** series T70*" serles
reference  angle Preload level Preload level Preload level Preload level Preload level Preload level
L M H L M H L M H L M H X L M H L
Wipm N/ M N/pm MNigm W

(0]1] C 16 27 3 20 M 50
E 35 54 T4 1) 67 101

o1 e 20 a2 46 23 as 56
E 46 70 93 &4 A1 115

02 =] 22 36 50 24 &0 55
E 52 8 103 55 BE 115

03 ] 17 29 42 26 40 58 2 42 61 30 55 &3
E 40 fid o0 55 86 120 B2 @4 127 68 11 151

04 £ 2 47 69 2 44 70 @0 EO 8 32 81 80 20 2 3 5 21
E 59 g2 127 6l 92 128 64 103 140 75 120 164 49 B85 80 120

05 C az 52 76 a6 &5 o4 a5 i1 g3 48 81 120 26 36 48 69 24
E 62 104 142  BD 119 157 ™1 N5 158 o1 4B 204 70 BS 116 153

06 o a6 649 B4 43 70 100 a7 67 87 52 88 139 27T a0 520 T8 27
E 77 114 155 90 133 191 BB 144 201 113 184 249 78 100 133 189

o7 [+ as B T B 64 97 48 78 116 51 106 154 3 46 63 62 a0
E 76 122 B4 84 144 185 107 168 @28 136 220 286 91 115 150 204

(1}:] & 45 ] 115 47 72 10 51 a7 132 54 108 161 3@ &1 75 109 35
E 102 157 217 107 157 217 114 188 256 142 228 309 110 135 176 237

09 £ 49 BE 128 50 92 135 57 11 151 65 124 183 46 58 B4 118 ar
E 13 178 241 115 180 260 136 210 288 160 248 345 113 150 198 270

10 G 55 g6 138 57 97 143 &7 118 170 1134 195 48 B2 90 127 40
E 119 183 281 131 202 260 182 239 426 170 271 374 123 163 208 285

11 c 60 101 150 67 112 163 76 126 188 77 148 212 61 74 102 143 45
E 135 209 2i7 14T 232 318 170 267 368 188 206 405 138 178 241 326

12 o] 66 1o 185 71 122 {76 78 i34 198 g1 167 247 55 76 105 148 4a
E 148 228 304 155 246 337 179 275  a76 206 335 450 143 185 251 331

13 o 72120 174 75 125 182 B3 143 211 88 164 242 62 B85 116 172 52
E 161 238 3P0 164 280 348 183 2B7 412 203 32@ 453 165 208 279 383

14 ¢} 77 135 195 B2 130 200 &1 144 208 103 180 279 BE 17 171 &6
E 170 2580 366 182 98B 386 197 307 430 236 381 525 168 214 286 390

15 & B4 142 208 BB 148 218 BY 152 224 10 202 299 7O 09 136 10§ 58
E 161 284 39 203 311 420 211 329 456 250 40 549 190 250 325 446

16 & B2 134 198 B5 149 220 980 157 232 411 207 400 7T O106 149 214 Gl
E HB9 288 403 206 423 446 233 367 515 270 430 584 205 264 353 464

17 G 79 137 201 B8 157 245 o0 177 259 8 116 182 237 B5
E 195 807 413 217 340 481 230 373 529 216 279 384 BOS

18 & o0 15 224 87  1GB 246 192 197 284 85 116 160 233 70
E 203 3920 437 225 48D 400 P80 418 574 220 290 SR3 OO

19 4] B¢ 157 227 103 173 P59 194 204 S92 124 P30 397 87 20 165 240
E 211 333 454 237 aro BOT 289 444 Gi0 293 490 BE5 288 209 395 626

20 c B8 151 223 103 181 258 132 231 342 148 254 353 g2 {127 180 280
E 217 345 450 237 379 516 286 455 622 049 B35 7A4 240 3B 430 570

21 g 102 175 252 111 187 2F& 133 2R 330 85 133 184 266
E 250 3887 522 256 414 548 35 488 6OG 250 340 448 595

22 =] 106 182 @67 M7 205 295 130 230 340 100 139 194 280
E 265 302 535 276 420 594 333 510 6E4 274 348 470 634

24 o 16 204 302 1200 219 17 140 243 358 15 155 215 307
E 271 425 576 284 4BS G289 330 530 TI7 288 3B0 508 626

26 G 128 224 a1 141 235 847 146 952 367 130 176 245 351
E 206 462 G4 326 G613 G93 352 553 7SS 335 440 5B2 775

28 G 142 240 348 151 255 @68 156 266 304 136 185 264 476
E a2 S04 671 37 BBS 783 366 568 Tay 354 466 618 B32

ao o i54 261 368 157 266 481 165 286 414 140 188 263 479
E 364 554 Teh 372 &ET 764  4D5 G20 B51 ar4 485 633 B50

32 C 145 262 368 156 268 393
E 350 554 43 372 590 794

34 55 {57 272 481 170 202 421
E 374 586 YBE 388 G602 GBE4

36 =4 174 292 425 1TA 308 460
E 410 633 857 438 682 808

38 ¥ 187 @14 458 195 330 478
E 441 6E2 G923 448 707 048

40 o 199 377 48T 204 343 499
E 468 724 G977 480 758 1025

44 o 218 262 G674
E 11 788 1050

48 c 228 383 548
E =B 829 1110

52 C 240 400 500
E 564 BEY 1180

56 C 260 430 620
E B0E 44 1250

X70" = AHP Excal, T70°* = RHP Ulra

RHP Super Precision bearings
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Table 20 Table 21
“Axial preloads for paired angular contact ball Axial stiffness values for paired angular contact ball
bearings with ceramic balls bearings with ceramic balls

Bore code Contact 79 serles 70" serles  X70*° series  T70' series Bore code  Contact 79" sorfes  70°° series  XT0" series  T7T0'* series
reference  angle Praload level Preload level Praload leval Praboad lavel raference  angle Preload level Preload lovel Preload level Preload level

Gx 6L GX GL GX GL L ax GL GX GL GX aL L
H N N N i LT Ny B
00 c 12 25 00 (o 14 18
E 16 34 E ap az
01 c 15 a0 o1 C 17 23
E 25 50 E 43 55
02 c 14 ao 02 c 18 25
E o5 53 E 48 62
03 c 1" 265 18 a7 03 C 15 20 21 28
E 16 a 25 54 E 35 47 50 B&
04 C 19 A4 25 51 18 ar 40 04 o 21 2 22 an 2 28 24
E 38 &0 ay &4 a8 70 E 55 69 54 72 58 72
05 [+ 24 46 25 57 & 65 50 05 [ 25 32 25 ar 28 33 28
E as 72 41 1000 58 121 E &1 77 B8 M 75 93
06 C @5 48 a9 7@ 3 63 57 06 £ 27 35 a4 45 82 44 @
E 39 J7 b& 130 &1 136 E 67 B 81 08 B85 113
o7 G a1 60 39 81 48 84 6B o7 G a3 43 34 46 40 53 35
E a7 83 70 147 73 158 E 20 102 83 116 97 128
(13 e 38 B4 49 o8 60 14 77 08 [ an G2 41 53 47 62 40
E 74 126 70 155 101 203 E 99 122 97 129 119 153
09 g 32 87 & 112 B0 116 28 09 o] 41 57 A8 58 49 64 43
E 74 134 103 203 130 955 E 107 133 17 148 137 172
10 o 42 14 61 132 60 120 104 10 o] 48 61 48 66 51 68 47
E 77 14D 103 208 144 288 E 112, 140 121 156 147 184
1 ¥ B2 12 @5 167 83 179 116 11 C 52 68 56 74 61 g2 B2
E 106 178 137 255 184 323 E 130 157 138 174 166 204
12 o] B2 126 88 173 93 186 118 12 o] 55 A 58 77T B4 BS54
E 108 187 148 270 191 335 E 130 169 148 185 172 212
13 g 62 128 B 178 10 214 135 13 1 57 B 81 71 94 58
E 111 184 145 825 197 408 E 148 181 183 204 183 230
14 5] 78 171 122 242 111 217 158 14 e} 62 85 9 73 95 64
E 111 238 {87 380 2068 427 E 147 194 188 217 191 240
15 ¢ 79 178 128 235 135 21 173 15 o 66 9 75 95 B2 111 66
E 121 261 199 410 263 583 E 160 2i2 183 238 218 292
16 o 79 183 154 284 157 33 1M 16 G 2] a7 81 105 &3 118 70
E 140 204 222 EO7 295 633 E 176 233 183 260 232 307
17 c 114 221 184 208 18T 360 194 17 c 74 96 B3 108 98 130 TR
E 177 330 234 533 303 66O E 180 228 204 274 244 325
i8 G 118 235 178 355 208 411 220 18 c 81 108 a7 115 100 132 79
E 191 32 28 GO0 268 B14 E 2001 253 218 28B4 254 A
i9 c 18 238 178 #8210 419 19 c g 10 80 120 102 136
E 189 364 289 @17 433 826 E 205 260 226 297 276 350
20 c 16 232 201 392 214 433 20 c B0 106 94 124 107 143
E 186 423 280 17 448 864 E 02 2P0 224 247 202 avR
21 [ 160 293 228 463 241 504 21 c ga 119 1 134 192 151
E 248 513 382 720 523 1058 E 229 208 P50 321 Q0B 389
22 C 162 330 254 531 271 508 22 [od 95 128 W05 141 1ie 153
E 246 518 428 B04 540 1088 E 235 306 266 334 318 411
24 c 182 473 269 534 315 G619 24 c 104 138 114 150 131 173
E 318 616 444 852 558 1139 E 262 333 288 384 335 435
26 G 223 452 293 780 26 c 13 150 148 196
E e 7 78R 1650 E 290 a8 382 509
28 c P55 502 410 B9 28 o 122 160 156 207
E 06 84 Bi16 1856 E 302 982 M7 540
30 £z 320 835 415 B26 ao C 156 179 157 208
E g a7 441 A4 E 335 426 443 564

70" = AHP Excel, T70"* = RHP Ulra
NSK-RHP
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Axial preload and stiffness values for BETN angular

contact ball bearings with 40° contact angle

Difference in spacer length for conversion of
preload for paired bearings with steel balls

- - Table 22 Table 23
BETN 40° axial preload Axial stifiness Serles 19 (79*")
Basle Praload lavel Preload level Basic 15" contact angle 26" contact angle
bearing L M H L M 0 boaring preload preload
] ML light ta medium  Hght to medium
medium to heavy  medium to heavy
wm nm
7201 70 200 380 103 150 188
7301 100 240 530 15 157 208 TO03 8 B & 5
7804 10 10 7 a
Fa02 & 230 420 116 167 209 7805 g9 10 7 ]
Fa02 10 30 B30 124 176 21 TO0G ] a 6 7
807 9 11 [:] 7
7203 a5 240 510 123 176 229 7808 11 0 7 ]
7303 120 410 780 144 27 276 7909 10 10 7 ]
7210 11 10 8 10
7204 130 asq TEO 156 223 285 7a11 1 12 ) a
7304 170 480 800 1684 235 284 7812 i 12 B ]
7913 1" 1 8 ]
7206 130 480 T 165 240 303 7914 14 13 10 10
7308 210 630 1200 185 268 aar 7915 13 13 a 10
7916 12 12 a a
T206 180 580 1120 200 300 260 7917 15 15 10 12
7306 300 810 1600 23z 329 amm 7918 14 15 10 11
714 15 14 10 1
707 280 710 1410 235 336 LE] 7a20 15 16 11 1
FELT 200 a0 1850 237 348 251 Taz21 17 16 12 13
To22 17 17 1 13
7208 260 B30 1710 244 363 470 o34 iE: 19 13 14
7ao0a a0 1250 2400 263 385 500 TOEE 21 20 14 15
o8 21 21 15 15
7208 270 BAOD 1820 262 ao0 505 7830 24 24 18 21
7aoa 500 1400 2050 az0 ase 594 7oaz 24 24 17 18
7834 24 23 16 17
7210 200 040 1960 280 420 545 7036 26 27 8 20
PR ] B00 1700 3500 340 482 637 7838 26 27 18 20
7040 az az 22 24
2n 340 1120 2230 dz2 462 hE5 944 an 3 21 23
7an 610 1400 3600 as0 520 655 7848 an ao 21 22
pj: 1] a5 35 25 26
7212 a00 1280 2620 330 402 635 FE6G a4 35 24 25
7az2 750 2300 4560 a5 580 4D — .
7213 530 1520 anin 385 2] 700 Toble 28
7313 800 2300 480D 400 580 78D Series 10 (70") _
7214 510 1650 360 a0 573 740 E::Iilcng " :um::; o SRR
7314 B30 2900 5600 460 686 BED pre Pralced
light to medium  light to medium
7215 540 1760 3400 406 &1 770 medium to heavy  medium to heavy
7315 870 000 6200 480 710 820 pm i
7216 650 1970 3930 45 50 830 7000 8 8 7 5
7ai6 1100 3450 GEOD 505 TE0 840 7001 ) ] B 1]
— 7002 B i 8 5
7003 8 a 6 T
P04 10 1 8 [
FO05 15 10 ] 7
7006 a 13 & 9
7007 12 1 - q
7008 12 10 & 9
7009 13 13 ] 10
7010 14 13 10 g
70N 16 14 11 12
HilE 15 16 1 12
03 15 15 1 1
7014 18 17 13 13
7018 17 18 12 13
7016 19 19 13 15
07 12 20 13 14
7oia 21 21 15 16
7019 20 22 14 16
020 22 20 15 16
7021 22 24 17 16
72 26 24 17 20
74 24 24 18 18
T 27 29 20 21
e 27 27 19 20
TOG ao 29 20 21
7032 | a2 S 23
7034 36 a5 25 29
7036 38 a8 26 ao
7038 a7 ar 26 a7
7040 a8 aa 27 an

RHP Super Precision bearings
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Table 25 Table 27

Series 02 (72°*) RHP Excel range X70** series
Baslc 16" contact angle 25" contact anglo Baslc 15" contact angle 25" contact angle
bearing preload preload bearing preload preload

light to medium  light to medium extra light Hghtto  medium  extra light light lo  medium

madium to heavy  medium to heavy to light medium to heavy to light  medium to heavy

Hm pum jm pm
Ta2qa0 a 9 4 9 K004 3 [ 1 3 B T
Tam ] a il 5] X00s 5 [ 9 3 5 T
T202 a B 7 T K00 5 5 a 3 5 T
7203 8 10 7 2] KToor i) ] 10 3 5 ]
T204 13 14 0 10 Aroos 5 T 10 3 -] ]
7205 13 13 1a 10 KT009 4 1 10 4 i} 9
7206 15 15 " 2 AT010 4 1 10 d 5 9
7207 168 16 1 12 o B 8 M 4 F 10
T208 19 21 15 15 XTo12 & 8 1 4 T a
T208 21 21 14 16 X7013 & B 13 4 T 1
7210 20 20 14 15 X704 a g 13 4 7 "
721 21 2 15 i7 X7015 7 2] 13 5 7 12
7212 25 25 17 18 X016 T i0 14 5 | 11
T3 26 26 18 21 AroT 7 0 15 ] ! "
214 25 25 17 21 ®7018 8 i 17 & 9 i3
7215 ] 24 17 20 Xrong s 1" 17 G g i3
7216 28 28 149 3 X020 ] 12 17 G " 12
21T a0 29 20 22 X2 a 12 18 i 10 14
T218 30 27 20 23 Xroz2 | 15 18 & 1" 16
72149 33 az 23 25 X7o24 k| 13 149 T 11 16
T220 a3 ar 27 28 XF028 10 i5 2 & 12 ir
T 37 ar 26 28 X7oze 10 16 21 ] 12 18
7282 a7 ar 25 29 X700 10 18 23 ] 12 18
724 a6 ar 26 27
1226 41 41 29 3z
7228 43 42 29 3o
ya2an 42 41 28 31
Tabla 26 Tabde 28

Series 03 (73**) BETN Range
Basic 15" contact angle 25" contact angle Basic 40" contact angla Basic 40" contact angle
bearing preload preload bearing preload bearing praload

fight to medium  light to mediLm light to medium light ta medium

medium to heavy medium to heavy medium Lo heavy mediim to heavy

Hm Jmi pm pm

303 17 14 1" 11 2m 4 4 Tam 4 (5]
TI04 19 17 13 13 Ta02 4 4 Tao2 ] G
7305 18 18 13 13 203 4 5 Tao3 [} [
TI0G 25 3| 16 16 7204 5 B T4 & 3
TIOT 26 8| 17 16 T205 5 5 Ta05 T 7
T308 32 27 20 20 T206 ] 3 Ta0E T :
7308 33 29 20 23 207 [ T 7307 2] kS
T30 a6 a0 23 25 T208 T B Taoa 10 10
T a8 az 24 26 T20a s B e ] g n
a2 40 a6 26 27 r210 7 i) ya1a 10 12
7313 42 a3 28 a0 721 T B 7311 " n
Taia 46 a9 20 a2 ra12 a a Tai12 12 13
7315 A& 40 al an 7213 B ] T3 12 14
76 A4 42 28 an 7214 a8 10 7314 13 13
7319 51 47 a2 a5 7215 g a 7316 13 15
Taz0 47 44 a2 a5 7216 ] L] 7316 14 14

NSK-RHP
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Single row angular contact ball bearing designation system

7 0 10 C T buU ™ P4
L Marmal range :
CONSTRUCTION o BETN range | o g
T RHP Uittra range

T e — TYPE T Single row angular contact ball bearing
RHP 150 | RHP 150 -
0  ——  DIMENSIONSERIES  ©® 9 | 2 02
o 10 3 03
10 0(11 = 10mm (4 upweards, multiply by 5 to oblain bose size in mm
1 - 12mm
BORE CODE o 12mm
04 - 17mm
L] Mormal type
CONSTRUCTION R Reverse lype
5 Caramic ball type
c e c 15° A a0°
CONTACT ANGLE E gg: B 40"
T — CAGE MATERIAL L.'Fr g‘h;agr;ullc resin TMITMHIETN Paolyamide
L) Quter ring guided Phenolic cages
LOCATION A Cuter ring gulded cages excepl Phanolic
B Inner ring guided
s Single universal
DU e DU, DB, DF, OT Pairod unil
GROUPING au, 3T, 218, 2TF Tripia sat
QLU OB, OF, 3TB, 3TF  Cuad set
382, aFz, 4TB, 4TF Selal 5
M 5 - Slack M - Madium GX - Extra light Eﬁ;lﬂrﬁdard and ;
F - Flush H - Heawy GL - Light Ewal_ caramic
PRELOAD X-Exraligt G - Special Prakoad bal bearings
L - Ligh A* - Special axial clearance
————  SPECIAL PRECISION  [elertoNSKRHE  ppaiies only to single bearngs
_RHP 150 Class ABEC
P4 PCr Maormal i
PE ] 3
PRECISION GRADE P& ] 5
P4 4 7
P3 Dimenslonal accuracy P4 Bunning accuracy P2
P2 2

SPECIAL FEATURE Refer lo NSK-AHP lor dolails

Denotes slandard feature, no indicalor necessary.
" Dencles mean figure given in pum

RHP Super Precision bearings
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79™* 150 series 19 - __ 1]

T0™
IS0 SERIES 10 |
72** o D
ISO SERIES 02
3"
ISO SERIES 03
Single row angular contact ball bearings
Primary | Basic 1 Limiting speeds Load ratings Abutment dimensions Grease  PCDof
dimensions bearing dynamic  static max, fillet radius d* D, volume  lubrication [ets
d D B ailtair grease C, Cor r n min max 30% P
mm rewimin ] mm m! mim
10 26 8 7000 CTSU BEOOO 57000 5710 2770 03 0.3 12 24 03 15,7
7000 ETSU 73000 47400 55230 2670
30 9 7200 CTSU BCHID F2000 TAG0 AGB0 0,6 0.4 13 27 0.4 19,0
7200 ETSU BERO0 43200 7280 3570
12 28 8 7001 CTSU | BOO0O 52000 B180 3180 0.2 03 14 26 03 183
7001 ETSU GEO00 43000 5340 3070
32 10 7201 GTSU 72500 47000 BE00 4320 0.6 0,3 15 29 0,52 21.2
7301 ETSU H0000 39200 8320 4190
15 32 9 7002 CTSU EE000 44200 £070 4010 0.4 0.3 17 30 .45 206
7002 ETSU BE000 38400 &E70 asan
345 N 7202 CTSU BA0G0 41600 2370 5050 0,6 0.3 18 ap 0.8 234
7202 ETSU IR0 34800 8010 4880
17 30 7 7903 CTSU GAO00 A4200 4740 2710 0,3 0.4 19 28 0.4 22,2
7903 ETSU BERO0 FEE00 4510 2530
35 10 7003 GTSU G1000 F0600 7320 4440 0,3 03 18 a3 0,6 246
7003 ETSU 51000 A5700 G380 4250
40 12 7203 GTSU SECO0 FEAO0 11600 BAD 0.6 03 20 a7 1.0 26.8
7203 ETSU 47700 31000 1100 B200
47 14 7303 CTSU 42300 27500 13600 7250 10 10 22 42 1.4 3.0
7303 ETSU FE200 23400 13000 7000
20 37 9 TO04 CTSU 56000 AB400 G040 4240 03 03 2 a5 0.6 26,7
7904 ETSU 47700 31000 BE00 4050
42 12 7004 CTSU 51000 33100 G0 5450 06 043 23 3 1.1 28,0
7004 ETSU 45100 20300 9400 5200
47 14 7204 CTSU 48300 31300 13600 7250 1.0 0,5 25 42 14 a0
7204 ETSU 42300 27500 13000 7000
52 15 7304 CTSU 38000 247001 17100 8750 1.0 1,0 25 a7 2,0 323
704 ETSU 34300 2200 16500 8500
25 42 9 7005 CTSU 48300 21400 7510 5100 03 0,3 27 40 0.7 31.8
7005 ETSU 42300 27500 7120 4B20
47 12 7005 CTSU 45200 29300 1700 7500 0.6 03 28 44 13 54,5
7005 ETSU 40000 2E000 11100 7150
52 15 7205CTSU | 42800 27800 14740 BRSO 1,0 05 a0 a7 2.0 36,4
7205 ETSU 37900 24600 14000 8150
62 17 7305 CTSU a1200 20300 23400 13700 1,0 10 a0 57 a1 41,0
7305 ETSL 28200 18304 22500 13200
30 47 g 7906 CTSU 43000 27900 8000 5950 0.3 03 a2 45 0,75 36.7
7906 ETSU 37000 24600 FE50 B0
55 13 7006 CTSU 40000 2RO00 15100 10200 1.0 0,6 35 50 1.5 40,1
7006 ETSU 35200 20500 14400 FEO0
62 16 7206 CTSU ATA00 24200 23300 14400 1,0 0.6 a5 57 28 43,3
7206 ETSU 33000 21400 22400 13000
72 19 7306 CTSU 26500 17200 33300 20300 10 1.0 98 &7 aA 48,1
7306 ETSU 23900 15600 32500 12600

" Abuiment diamelers are suitable lor both sides of the bearing

NSK-RHP
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79** ISO SERIES 19
70** ISO SERIES 10
72** 1ISO SERIES 02
73** SO SERIES 03

Single row angular contact ball bearings

Primary
dimensions
d D

mm

35 55

62
72
80

40 62
68
80
90

45 68
75
a5

100

50 72

£

110

55 80
90

100

120

60 85
95

110

130

| Baslc Limiting speeds

bearing

B oilfair grease

revimin

10 7907 CTSU 38000 24TOD

7907 ETSU 33600 21800

14 Fo07 CTSU A5H00 23200

TOO7 ETSU 31500 20500

17 7207 CTSU a2 21200

7207 ETSU 28500 18500

21 7307 CTSU 23300 15100

7307 ETSU 21100 13700

12 7008 CTSU 34300 22300

908 ETSU 30000 19500

15 7008 CTSU 32400 21000

008 ETSU 28300 18400

18 7208 CTSU 28100 18000

7208 ETSU 25500 16500

23 7308 CTSU 20500 15300

7308 ETSU 18500 12000

12 F809 CTSU 30200 20000

704 ETSU 27000 17600

16 7000 CTSU | 20000 18800

7008 ETSU 25500 16800

19 Faoa TSy 26700 17300

7200 ETSU 23500 15200

25 7308 CTSU 15300 11900

7309 ETSU 16500 10700

12 7910 CTSU 29600 1BED0

7910 ETSU 25000 16300

16 700 CTSU | 2eTo0 17300

7010 ETSU 23500 15200

20 7210 CTSU | 24200 15700

7210 ETSU 21500 14000

27 7310 CTSU 16400 10600

T30 ETSU 14800 Q00

13 7311 CTSU 25600 1RG0

7811 ETSU 22500 14600

i8 TOI1 CTSU 23E00 15400

Joi1 ETSU 20600 13400

21 7211 CTSU 21000 14200

7211 ETSU 12000 12400

29 7311 CTSU 14800 DEn

7311 ETSU 13500 B7O0

13 7812 CTSU 23700 15400

7912 ETSU 0G0 13400

18 7012 CTSU 21000 14200

o1z ETSU 18000 12400

22 T212.CTSU 19700 12800

7212 ETSU 16800 110400

3 7312 CTSU 13700 BAO0

 7A1ZETSU | 12300 GO0

* Abulment diameters are suilable lor bolh skies of the Bearing

RHP Super Precision bearings
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Load rallngs Abutment dimensions Grease PCD of
dynamic  static max. fillet radius d,* Dy volume lubrication jets
c, C.. r ry min  max 30% P

N mm cm’ mm
LRI A ] BES0 06 0.6 as 52 11 43,2
10400 B0

18300 12700 1.0 0.6 40 57 21 46,2
17400 12200

30400 20100 1.0 14 Al GF 36 50,3
29100 19100

A0A00 25700 .5 1.5 425 T2.5 6.0 B33
HEB0O 245D0

14000 11100 06 0.6 43 58 1.8 48,0
13200 10E00

19700 15000 1.0 1.0 45 (=] 25 51.5
18700 14200

36400 23800 1.0 1.0 45 7a 4.9 561
34800 22800

50500 1900 1.5 1.5 475 H2.5 9.0 60,4
ARTOD 30800

14700 1600 04 0.6 48 G5 2.0 54.5
13900 11900

23400 18100 14 1.0 50 70 32 57,2
22200 17200

SBG00 25600 1.0 1.0 50 &0 6.0 61,0
IGO0 25400

S0m00 8700 1.5 1.6 525 925 11,0 67,2
57800 7400

14800 13400 0.6 0.6 53 69 22 59.0
14100 12600

24100 19500 1.0 1.0 55 75 4.5 62,3
22800 18600

42800 31700 1.0 1.0 55 B5 640 66,1
40800 B0300

TOE00 45300 20 2.0 60 100 150 T4,
Gren A47040

18500 16800 1.0 1.0 ] 5 24 853
17500 15800

32800 27000 1.0 1.0 G0 85 5.0 69,6
31100 25700

52500 30000 1.5 1.0 62,56 8325 B0 Taa
50500 38200

B30 5450 20 2.0 65 1o 19.0 81,1
THAO0 5245040

15400 18600 1.0 1.0 &5 a0 26 70.2
18300 17400

A3E00 28000 1.0 1.0 B5 4o 5.0 74,2
32000 27600

Boa0n ARED0 1.5 18 G675 1025 0.0 80,1
58100 43700

9100 Tanoo 2.0 20 70 120 a0 88,5
05300 G700




Single row angular contact ball bearings

Primary | Basic Limiting speeds
dimensions bearing
d n] B allfalr fgrease
mim ravimin
65 90 13 7913 CTSU 21900 14200
Y13 ETSU 12000 12400
100 18 7013 CTSU 20600 13200
TOIZ3ETSU 17500 11400
120 23 7213 GTSU 17800 11500
7213 ETSU 14900 10400
140 33 FIICTSU | 12500 E100
7313 ETSU 1300 7300
70 100 16 7914 CTSU 19700 12800
7914 ETSU 16800 10900
110 20 7014 CTSU 18400 11900
7014 ETSU 15800 10500
125 24 7214 CTSU 16700 10800
7214 ETSU 14300 G000
150 35 7a14 CTSU 11600 7500
7314 ETSU 10600 6700
75 105 16 7415 CTSU 18400 11800
7915 ETSU 16500 10100
115 20 7015 CTSU 17200 11100
T015 ETSU 14400 10000
130 25 7215 CTSU 15500 10100
7216 ETSU 13600 2400
160 37 7316 CTSU 10800 7000
735 ETSU Bann £300
80 110 16 FHE CTSU 17200 1100
7916 ETSU 14300 9300
125 22 FO16 CTSU 15700 10200
7016 ETSU 13600 8200
140 26 7216 CTSU 14500 8200
7216 ETSU 12700 B700
170 39 716 CTSU 100 6500
F316 ETSU 9100 5900
a5 120 18 7917 CTEU 15700 10200
7917 ETSU 13200 2800
130 22 7017 CTSU 14500 4500
7017 ETSU 13000 BE0D
150 28 7217 GTSU 13600 500
7217 ETSU 11800 a100
90 125 18 7918 CTSU 14700 8500
7918 ETSU 12600 8400
140 24 7018 CTSU 13900 700
7018 ETSU 12200 A200
160 30 7E1E GTSU 12600 7800
7R18 ETSU 11200 7500

* Abutment diameters are suitable lor bolh sides of the bearing

Load ratings

Abutment dimensions

Groasa PCD of
dynamic  static max, fillet radius dy* D, volume lubrication jeis
C, Gy r f min max 30% P
N mim em’ fmim
20200 20200 1,0 1.0 70 B85 27 %52
19100 18800
3T00 H1000 1.0 1.0 o a5 6.0 9.4
32800 28400
BE400 51000 1.5 1.5 725 1125 13.0 B7.9
BX300 ABGHD

1053000 Fanog 20 20 75 130 28.0 95,3
101000 TOG00
27300 2EE00 1.0 1.0 Fii] 95 EX: B2
25700 240800
43700 38600 1.0 1.0 75 105 840 86,3
41400 JEROG
75800 BOO00 1.5 1.5 775 nrs 14,0 92,0
F2a00 ATE00
126000 SE000 20 2.0 ] 140 330 1022
121000 BROOD
2EE00 20000 1.0 1.0 4] 100 4.9 [
2EO00 27100
ABHDD 43500 1.0 1.4 an 110 8.0 m,7
43000 A1200
TH300 B4500 1.5 1.5 825 122.5 15,0 a0
TEA00 G600
137000 1044100 2.0 240 85 150 42.0 108.3
132000 100000
28800 31400 1.0 1.0 B5 105 5.0 a2
28100 29200
56700 H2500 1.0 1.0 BS 120 1.0 &8.3
SAT00 49500
HEEDD 2500 20 1.5 90 130 19,0 1067
84300 G500
TEE000 116000 2.0 20 90 160 48,0 nrae
140000 112000
AGTO0 IH00 1.0 1.0 90 115 T.0 89,3
34600 34800
SE200 S6000 1.0 1.0 BO 125 "o 1039
55000 53000
28700 B4500 2.0 2.0 o5 140 220 114
24900 81000
ZRE00 AZ200 1.0 1.0 a5 120 B.0 104.3
37300 30400
GA100 GBS0 1.5 1.5 975 1325 1540 11.2
GEADD G2500
112000 DaG0n 20 2.0 100 180 260 na.6
106000 24000

NSK-RHP
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79** ISO SERIES 19
70** ISO SERIES 10
72** ISO SERIES 02
73** ISO SERIES 03

Single row angula

r contact ball bearings

Primary Basic
dimensions bearing
d [i] B
mmi |
a5 130 18 | 7919 CTSU
79108 ETSU
145 24 7018 CTSU
7019 ETSU
170 32 7218 CTSU
T219 ETSU
200 45 7318 CTS0
T3OETSU
100 140 20 7820 CTSU
7920 ETSU
i50 24 7020 CTSU
7020 ETSU
180 34 | 72eocTSU
7290 ETSU
215 47 7320 CTSU
Y320 ETSU
105 145 20 Fo21 CTSU
7921 ETSU
160 26 7021 CTSU
7021 ETSU
180 36 7221 CTSU
7221 ETSU
110 150 20 7922 CTSU
7422 ETSU
170 28 7022 CTSU
o2z ETSU
200 38 7222 CTSU
TaE2 ETSU
120 165 22 7924 CTSU
Ta24 ETSU
180 28 7024 GTSU
T024 ETSU
215 40 7224 GTSU
7224 ETSU
130 180 24 7926 CTSU
o6 ETSU
200 33 7026 CTSU
T026 ETSU
230 40 7226 CTSU
T226 ETSU
140 190 24 7928 CTSU
7028 ETSU
210 33 7028 CTSU
7028 ETSU
250 42 7928 CTSU
7228 ETSU |

Limiting speeds Load ratings Abutment dimensions Greaso PCD of
dynamic  stalic max. fillet radlus d,* 0" volume  lubrication jets
oilfalr grease C, C, r ry min max 305 P
revimin N i em’ mm
13r00 HeA00 40200 43800 1.0 1.0 100 125 BO 108,3
12100 B0 37rang 4080
13200 BE00 1100 F0000 1.5 1.5 0258 1375 150 16,0
11600 7900 Br200 G0
12100 Te00 130000 113000 2.0 24 105 160 320 1261
10600 7200 124000 10000
B300 5300 184000 161000 2.5 2.8 1075 1875 780 138.9
TE00 A800 176000 155000
13300 BEQD 50200 54000 1.0 140 105 135 10,0 116.3
1700 BOOG 47300 50600
12800 2400 TOE0O 70000 1.5 1.5 1075 1425 16,0 120.8
11200 TE00 BETO0 BEE0D
11400 7500 142000 12T 2.0 20 1o 1740 40,0 132.3
10000 OO0 142000 124000
Fro0 AS00 194000 178000 2.5 2.6 1125 2025 B4.0 147.8
T0o00 4400 186000 170000
12800 B200 51100 56000 1.0 140 no 140 1.0 121.3
11200 o 48200 52500
12100 B200 BE200 A5000 2.0 20 115 150 20,0 127.4
10600 200 HOS00 SO0
10600 300 168000 135000 2.0 2.0 14 180 48,0 140.7
500 G500 148000 132000
12300 7900 52000 BEE00 1.0 10 ns 145 1,0 126.4
10600 7400 42000 5450
11400 a0 gra00 G000 20 24 120 180 26,0 1344
10500 GO0 82300 $1500
10300 OO0 162000 156000 2.0 20 120 120 B30 1477
9000 6200 161000 148000
11200 EQ 63000 72000 1.0 1,0 125 160 150 1383
SO0 G700 GOG00 BTS00
10700 a0 103000 1 D00 2.0 20 130 170 270 1444
F300 G400 97400 102000
900 BAOG 176000 TR0 20 20 130 205 62,0 160,0
8400 5700 167000 162000
10300 OO0 TG00 ] 1.5 1.5 1ars 1725 20,0 150,3
G000 G200 74100 24500
900 GEOG 125000 131000 2.0 20 140 150 33,0 587
#500 5800 118000 124000
2900 BOOC 1E8000 196000 25 2.5 1425 2175 72,0 1709
FEO0 5300 188000 187000
arao 6500 THE00 3600 1.6 1.5 147.5 1825 21,0 1603
8500 5800 74900 B0
9100 G200 132000 145000 20 20 150 200 40,0 168.7
8000 5500 124000 138000
8200 5500 212000 218000 2.5 25 1525 2375 80,0 185,1
T200 4900 201000 2052000

" Abulment diameters are svitable lor both sides of the beanng

RHP Super Precision bearings
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Single row angular contact ball bearings

Primary | Baslc Limiting spi;ads
dimensions bearing
d D B ollfair grease
mim ravimin
150 210 28 | ssaocrau BIO0 B000
7930 ETSU TEOD 5300
225 35 7030 CTSU 2500 5800
7030 ETSU TEO 5100
270 45 7230 CTSU FEO 5100
7230 ETSU 6700 4500
160 220 28 7832 CTsU 8400 700
7oa2 ETSU 7400 5100
240 38 7082 CTSU a000 5400
7032 ETSU 7000 4800
170 230 28 7934 GTSU 8000 5400
7934 ETSU TO00 4800
260 42 7034 CTSU FAD 5000
7034 ETSU E500 4500
180 250 33 7536 CTSU 7400 5000
7936 ETSU B500 4500
280 46 T0EE CTSU OO0 4700
7036 ETSU B100 4200
180 260 33 7838 GTSU 7100 4800
7038 ETSU 6200 4300
290 46 FO3IB CTSU G700 4500
7038 ETSU SR04 4000
200 280 38 7940 CTSU 6700 4500
7940 ETSU S800 4000
310 51 7040 CTSU B0 4200
To40 ETSU 5500 3800
220 300 38 7944 CTSU 200 4200
7944 ETSU 5400 3700
240 320 38 7O48 CTSU 5700 3000
7048 ETSU 5000 3400
260 360 46 TO52 CTSU 5200 3500
Ta52 ETSU 4500 3100
280 380 46 7E56 CTSL 4800 3300
7956 ETSU 4200 2900

* Abutment diametars are suitabla for both sides of the bearing

Abutment dimensions

r

mm

Load ratings
dynamic  static
cr cnr
N
12000 132000
105000 124000
14E000 160000
138000 152000

225000 253000
217000 240000

e 132000
10400 123000

1EG0O0 184000
156000 174000

15000 142000
108000 133000

181000 212000
181000 201000

141000 1PE000
133000 164000

214000 261000
FR2000 238000

147000 TES000
135000 17E000

218000 266000
207000 251000

179000 225000
165000 211000

256000 25000
242000 A0E000

180000 251000
178000 234000

196000 267000
1844000 245000

248000 351000
232000 AEF0O0

256000 374000

240000 349000

2.5

2.0

2.0

20

20

2.0

24

2.0

20

2.0

20

max, fllel radivs dy* D;*
L min max
2.0 160 200
24 160 215
25 162,58 2575
20 170 210
20 170 230
2.0 180 220
2.0 180 250
2.0 1940 240
20 180 270
20 200 250
2.0 200 280
2.0 210 270
20 210 300
20 290
20 250 o
2.0 270 350
2.0 290 ara

2,0

320
540

1020

350

68,0

36,0

2.0

50,0

1120

570

L

B0

1470

150,0

1590

PCD of

lubrication jeis

P
mm

1744
180,7

200,23

1844

1927

14,4

2068

2086

a7

2311

2327

2453

2ver

3011

3211

NSK-RHP
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RHP EXCEL
X70™*

D, D
I1SO SERIES 10
Lol
Single row angular contact ball bearings
;‘flmﬂw | Baslc Limiting speeds Load ratings Abutment dimensions Greasa PCD of
dimensions bearing dynamic static max, fillet radius d,* Oy volume lubrication jets
d [+] B ollfalr grease C, Cu. r ry min max 0% P
mm I ravimin M mim em’ mm
20 42 12 X004 CTSU | B5S000 A7400 THOO 000 0.8 0.3 23 30 0.6 28,4
X7004 ETSU | 58500 34600 7200 AT50
25 47 12 K7005 CTSU | 67500 3800 2400 B200 0.6 03 28 44 0,7 33,4
X7005 ETSU | 52000 20700 TA 5800
30 55 13 X7006 CTSU | 48700 27400 2000 750 1.0 06 35 50 15 29,9
X7006 ETSU | 44000 25200 8500 7050
35 62 14 X7007 CTSU | a2700 24000 12000 10100 1.0 0.6 40 57 20 45,5
®7007 ETSU | 41000 22000 11300 8550
40 68 15 X7008 CTSU | 28300 21700 12800 11700 1.0 10 45 63 25 51,0
X7008 ETSU | 36500 19800 12100 11000
45 75 16 7000 CTSU | 24800 18600 15800 14600 10 1.0 508 70 as 66,6
X7008 ETSU | 23000 18000 15000 13800
50 B0 16 XFOIOCTSY | 31800 17B00 1BED0 16000 1.0 1.0 55 75 3.4 B1.8
X7010 ETSU | 30500 18600 15600 15000
55 a0 18 X7011CTSU | 28500 16100 20500 20200 10 10 [E1s] 85 a8 G&,7
%7011 ETSU | 28500 14800 19400 18900
60 95 18 %7012 CTSU | 26700 15200 20800 21000 10 1.0 65 an 5.0 73,7
X7012 ETSU | 24500 13800 19600 19600
65 i00 18 X7013 CTSU | 25000 13900 21500 22500 1.0 1.0 70 a5 5.0 787
X7013ETSU | 22000 13000 20200 20000
70 1o 20 X7014 CTSL | 23000 13000 26100 27800 1.0 1.4 78 105 7.0 85,8
X7014 ETSU | 20000 11700 24500 25000
75 115 20 X7015 CTSU | 21800 12200 27000 29600 10 1.0 8O 110 8.0 00,8
X7015 ETSU | 18500 11200 25400 27800
80 125 22 K706 CTSU | 20000 11300 31500 34700 10 1.0 Bs 120 10,0 97,9
X7016 ETSU | 18500 10300 29600 32300
85 130 22 ®7017 CTSU | 18000 10800 32500 6900 10 1.0 B0 125 1,0 1029
X7017 ETSU | 15500 9800 30600 24400
ag 140 24 ¥7018 CTSU | 17500 10000 A2000 47000 1.5 1.5 875 1325 14,0 109,6
X7018 ETSU | 14000 o000 30600 43B00
a5 145 24 ¥7018 CTSU | 18500 9600 42600 48500 15 1.6 1025 1375 14,0 1161
X719 ETSU | 13000 BEOD 0100 45200
100 150 24 X7020 CTSU [ 15500 2100 A4100 51500 15 1,5 1075 i425 15,0 1196
®7020 ETSU | 12000 BADD 41500 48200
105 160 26 %7021 CTSU | 14000 B700 49500 58000 2.0 20 115 150 19,0 1284
®7021 ETSU | 11000 Bio0 48800 54000
110 170 28 | X7022 CTSU | 12000 BAOO 5E200 BEGO0 20 o 120 160 23,0 1356
| X722 ETSU | 10000 7BOD 52200 2000
120 180 28 X7024 CTSU | 11500 THOO 57700 FOE0O 2.0 20 130 170 24,0 1439
| X7024 ETSU | 9500 7200 54200 BEO0O
130 200 33 X7026 CTSU | 10000 7100 72800 91000 2.0 20 140 180 39,0 160,80
| 7026 ETSU | 2300 B500 GHSO0 5000
140 210 33 XT02A CTSU g0 G700 74700 E000 2.0 20 150 200 420 170,0
X7028 ETSU TEOO 100 FO400 90000
150 225 35 ®7030 CTSU | 8300 B300 o0400 117000 20 20 180 215 51,0 1820
| X7080 ETSU | 7000 5800 BS100 108000

* Abuiment diameters are suitable for both sides of the bearing

RHP Super Precision bearings
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RHP ULTRA
T70**

o D

SO SERIES 10 |
L)

‘Single row angular contact ball bearings N
Primary Basic Limiting spasds " Load ratings Abutment dimensions Greass  PCOof
dimensions bearing dynamic  static max, fillel radius d,* D,* volume Iubrrication jets
d o B oiliair grease C Cor r L0 min  max 20% P
mm revimin H mm cm” mm
20 42 12 T7004 CTSU | 80500 51500 7480 3520 0.6 03 23 29 0.7 27.6
25 47 12 TP005 CTSU | 60000 44000 B30 4340 0.6 03 28 44 0,8 326
30 55 13 T7006 CTSU | 58500 47500 10300 B560 10 o6 35 50 11 38,7
35 62 14 T7007 CTSU | 51500 32500 13000 7400 1.0 0.8 a0 57 15 a4,2
40 68 15 TYOO0E CTSU | 46000 29500 14100 8550 10 06 45 B3 1,6 48,7
45 75 16 T7O08 GTSU | 41500 BEE0O 16700 10500 1.0 06 50 70 24 859
50 80 16 TPOIDCTSU | 38500 24500 17200 11300 1.0 D& 55 75 26 60,4
55 90 18 TTON.CTSU. | 33000 21000 20800 14300 1.0 10 60 a5 45 67.4
60 95 18 T7O12 CTSU | 30500 18000 21400 15200 1.0 10 &5 90 a8 724
65 100 18 TI013CTSU | 26000 18000 24800 17700 1.0 10 70 95 4,2 770
70 110 20 TP014 CTSU | 26500 16500 32200 23400 1,0 0 75 105 5.7 87
75 115 20 T7015 CTSU | 25000 15000 22000 23700 1.0 1.0 B0 10 6.1 8,7
80 125 22 TG CTSU | 23000 13500 35900 27100 1,0 10 85 120 7.8 958
85 130 22 TTO17 CTSU | 22000 13000 35900 ZETON 1.0 1o 80 125 B5 008
90 140 24 12000 42400 34000 15 15 a7, 107.9

- T7018 CTSU

20500

* Abutment diameters are seilable Tor both sides of the baaring

5 1325 10,0

NSK:-RHP

i)



BETN

40" contact angle range

P5 precision

72** ISO SERIES 02
73** IS0 SERIES 03

Single row angular contact ball bearings

Primary | Basic leiling_ -:puds
dimenszions bearing
.-j_ D_ B ollfalr grease
mm ravimin
12 32 10 7201 BETH SEA00 28500
37 12 7301 BETN 32300 26700
15 35 1 7202 BETM 32000 2E000
42 13 7302 BETN 28000 22800
17 40 12 7203 BETH 28000 FEROD
47 14 7303 BETH 25000 20300
20 47 14 7204 BETM 23000 18400
52 15 7304 BETM 22200 18100
25 52 15 7205 BETH 20800 16800
62 17 7305 BETH 18400 14800
30 62 16 7206 BETN 17500 14100
2 19 7306 BETN 15700 12700
3as 72 17 7207 BETH 15000 12100
a0 21 7307 BETH 13000 11300
40 80 18 7208 BETN 13300 10800
90 23 7308 BETH 12300 10000
45 85 19 7200 BETN 12300 10000
100 25 7300 BETN 11000 9000
50 a0 20 7210 BETH 11400 9300
110 27 7310 BETN 10000 a100
55 100 21 7211 BETH 10600 A400
120 29 7a11 BETH g100 7400
60 110 22 7212 BETN 8400 FROD
130 3 7312 BETN B4A00 GACO
65 120 23 7213 BETN BEOO 7000
140 33 7313 BETN 7RO G300
70 125 24 7214 BETN 8200 BFO0
150 35 7314 BETN 7300 5900
75 130 25 7815 BETH 700 300
160 37 7315 BETN Ba00 S5O0
80 140 26 7216 BETM 7300 5000
B 170 39 7316 BETN | 6400 5200
* Abutment diameters are swilable for both sides of the bearing

Load ratings
dymamic  static
c, Co
N

BO50 aran
10800 4960

B7on A360
13100 G100
10700 5550
1663 BAOO
12400 B200
14300 20040
16400 9360
26000 13400
23400 14300
FAT00 10400
30300 19700
37400 22200

35500 23000
49300 23500

37200 25400

GG 38800
38800 27800
72000 47100
45000 33700
Foon 51500

55500 41500
24000 GECOD

53500 49300
00000 Fa000

G500 54000
119000 BEODD
71000 5BE00
1258000 Q7000

£3600 A0
140060 100000

RHP Super Precision bearings
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Abutment dimensions
max, fillet racius d,"°

4

mim

0,6
1.0

0.8
1.0

0,6
1.0

1.0
1.0

1.0
1.0

1,0
1.0

1.0
1.5

1,0
15

1.0
20

1.5
20

1,5
20

1.5
2.0

1.5
2.0

1.5
2,0

20
2.0

Lt}

03
06

03
0.6

0.3
06

0.6
0,6

06
0.6

0.6
0.6

08
1,0

0.6
1,0

0,6
1.0

0.6
1.0

1.0
1.0

1.0
1.0

1.0
1.a

1,0
1.0

1.0
1.0

1.0
1.0

16,2
176

192
20,6

22
226

25,6
256

0.6
20,8

35,6
35,8

406
44

456

BO.&

55,6
i1

T4
76

78
81

BE

o

Dy*
max

29
325

a2
475

Y

42
47

47
57

57
&7

&7
755

5

B25

92,5

100

92,6
110

102.5
120

1n2s
130

175
10

1125
150

130
160

Groase
volume

0.4
0,6

05
0.8

07
1.0

1,4

1.5
22

3.1
34

24
4,7

4.0
1.0

4.7
a0

50
11,0

70
4.0

B.O
180

10,0
22,0

12,0
26.0

1340
anao

PCD of
lubrication jets
]

mm

172
18,3

20.2
2.9

231
244

26,9
28,2

31.9
34.5

as,2
40,8

44.5
48,7

50,4
524

55,4
58,9

&k
85,0

66,7
7.8

73.0
e

79.9
84,5

84,3
on.e

89,3
a7

85,6
1034




HYBRID
79**S 150 senies 10

70**S 10
|SC SERIES 10
Single row angular contact ball bearings with ceramic balls
Primary Basic Limiting spaeds Lead ratings Abutment dimensions Grease PCD ol
dimensions bearing dynamic  static max. fillet radivs  d,* Dy* volume lubrication |ets
d 4] B oilfair grease G, Cor r f mimn max 0% P
mim revimin M mm em’ mm
10 26 8 TOOOSCTSU | 114000 75000 5710 2770 0.3 0.3 12 24 0,3 157
FOO0SETSU | 24900 BEE00 5520 2670
12 28 8 FOBISCTSY | 104000 ATEO0 G180 3180 0.3 0.3 1 26 0.3 18,3
TOMSETSU | 85800 BO000 5540 3070
15 32 9 MO2SCTSY | 8A400 G700 6E70 4010 03 03 17 a0 045 21,6
7002SETSU | 72800 51000 6670 3830
17 30 T TOOASCTSL | 28400 BTA00 4740 2710 0,4 0.3 149 28 0,3 o
TOD3ISETSU 13400 51000 4510 2500
35 10 FOOASCTSY | 79200 51800 7320 4440 0.4 0.3 19 33 06 24,6
FOD3SETSU | 86300 45100 6080 4250
20 37 9 TOMMSCTSU | 72800 47300 GE40 4240 04 0.3 22 a5 0.6 26,7
TOMSETSU | 62000 42100 GEOD 4050
42 12 F004SCTSU | BE300 43600 9830 5450 08 03 23 39 1.1 20,0
TOMSETSU | 58500 38700 9400 5200
25 42 9 7O05SCTSU | &2800 40300 7510 5100 0.3 03 27 40 07 31,8
7O05SETSU | 55000 35600 7120 4820
47 12 TO0SSCTSY | 568700 A7500 11700 7EO0 {6 0.3 28 44 1.4 3.6
FOOSSETSU | 52000 33300 1100 7150
30 47 g9 TEOBSCTSL | 55900 35000 BOGO 60 0.4 0,3 a2 45 075 7
TODESETSL 49300 3200 TR0 5600
55 13 TOOESCTSL | 52000 31700 15100 10200 10 0,6 as 50 1.5 40,1
TODESETSL 45700 2B200 14400 GB00
35 55 10 TEOTSCTSL | 48400 30000 11000 8550 0.8 06 a8 52 1.1 43,2
7007SETSU | 43500 26700 10400 8100
62 14 7007SCTEL | 46500 2TR00 18300 12700 1.0 D& 4D 57 2.1 45,2
7007SETSU | 40900 24700 17400 12200
40 62 12 TIOESCTSY | 44800 PEE00 14000 11400 0.6 0,6 43 59 1.8 48,0
TO0BSETSU S0000 23500 13200 10600
68 15 TOOBSCTSL | 42100 25000 18700 15000 1.0 1,0 45 k] 2.5 515
TOGBSETSU 36800 22200 18700 14200
45 68 12 7AOGSCTSU | 40100 230900 14700 12600 06 0,6 48 65 2.0 54,5
7000SETSU | 35100 21200 13000 11200
75 16 FODOSCTSY | ar700 22500 23400 18100 10 10 S0 70 3.2 572
7009SETSU | 33100 20000 22200 17200
50 72 12 THOSCTSU | 37200 22100 14900 13400 0.6 06 53 69 2.3 50,0
7H0SETSU | 32500 19700 14100 12600
80 16 FHOSCTSU | 34700 20700 24100 19500 1.0 1,0 85 75 4.5 62,3
FNOSETSU | 30500 18400 22800 18800
55 B0 13 7OUSCTSU | 33300 20000 18500 16300 1.0 10 &0 75 2.4 65,3
FHASETSU | 29200 17600 17500 15900
90 18 7011SCTSU | 20800 18600 32800 27000 1.0 10 60 Bs 5.0 60,6
TOHSETSU feestibal] 16R00 anon 25700
60 85 13 FO128CTSU | 30800 18600 19400 18600 1.0 1.0 65 B0 26 70.2
7G125ETSU | 26800 16500 18300 17400
95 18 FHESCTSU | 26700 17400 SERO0 20000 1.0 1,0 &5 a0 6.0 74,2
TOI12SETSU | 24700 15500 32000 27600
65 ap 13 7HASCTSU | 28500 17400 20200 20200 1.0 10 70 85 a7 75,2
FHASETSU | 24700 15500 19100 18200
100 18 FHASCTSU | 26800 16300 34700 1000 1.0 10 70 95 2,0 70,4
THASETSU 2700 14500 3200 20400

* Abulment diameters are sullable lor both skdes of the baaring

NSK-RHP

a1



HYBRID

79**3 ISO SERIES 19
70**8 ISO SERIES 10

Primary " Baslc Limlting spaeds
dimensions bearing
d o B alliair grease
mim ‘ revimin
— 1
70 100 16 | 7914SCTSU | 25800 15000
| T9148ETSU | 21800 14100
110 20 | 70145CTSU | 23800 14500
| TO148ETSU | 20100 13300
75 105 16 TRIESCTEY | 23900 5000
POISSETSU | 20100 14200
15 20 FOISSCTSY | 22300 14000
TOISSETSU | 18900 12600
80 110 16 TRIBSCTSU | 22300 14200
THESETSU 189100 12600
126 22 FHMESCTSU | 20400 12800
TOIESETSU 1700 1700
85 120 18 TH7SCTSUY | 20400 13200
FH7SETSU | 17800 11700
130 22 FOITSCTSY | 19400 1600
FO17SETSU | 16900 1200
a0 125 18 FOIBSCTSU | 19400 12500
TO185ETSU 16800 11100
140 24 7O18SCTSL | 18100 10800
TO18SETSL | 15800 10400
95 130 18 TOI9SCTEU | 18400 12000
FOIOSETSU | 18100 10700
145 24 TO195CTAU | 17800 10400
FOI9SETSU | 15200 10060
100 140 20 FU20SCTSU | 17300 11200
T20SETSL | 15200 10000
150 24 FOROSCTSU | 16600 SE00
TOMISETSU 14500 SE00
105 145 20 FOZISCTSY | 16800 10800
7O21SETSU | 14500 9500
160 26 FO2ISCTSY | 15700 9300
70Z1SETSU | 13800 9000
110 150 20 FO225CTSU | 16000 10400
FORZSETSL | 14000 9200
170 28 FO22SCTSU | 14800 BA00
TO225ETSU 13000 B400
120 165 22 7024SCTSU | 14500 4500
TO24SETSW | 12700 B400
180 28 TO245CTSU | 13000 B200
TOR4SETSU 12100 7a00
130 180 24 7926SCTSU | 13400 8700
TA2ESETSL | 11700 EE]
140 190 24 TO2ESCTSU | 12800 8200
FO2ESETSU 11000 7300
150 210 28 7OR0SCTSY | 11600 7500
TO30SETSU | 10100 6700

* Abulment diamelars are suilable for boih sides of the bearing

O

Load ratings
dynamic static
cr cnr
N
27300 PEEOD
25700 24900
43700 a8e0on
41400 3800
28500 20000
25800 27100
AB500 43600
43300 41200
28800 31400
28100 20200
SET00 52500
53700 AZ000
600 ITI00
34600 4800
S8200 56000
55000 53000
39600 42200
37300 30400
BH100 G500
65400 B2500
40200 43800
37000 408C0
1100 TO000
67200 GEO0D
50200 54000
47300 AOE00
000 FRO00
8700 BES00
51100 G000
48200 52500
BE200 BEOO0
BOGCD BOOO0
52000 SES500
48000 E4500
OF500 SHO00
[2300 91500
BAS00 72000
BR300 Gra00
103000 108000
Grang 10000
TBEOD Ao
74100 84500
T96C0 83500
4000 BrOO0
112000 132000
105000 124000

RHP Super Precision bearings

&2

Abutment dimensions

max, fillet radius  d,° Dy

r ry min miax
mm

_1,0 1.0 75 B5
1,0 1.0 5 105
1.0 1.0 2oy 100
1.0 1.0 BO 110
1.0 1.0 B5 105
14 1.0 BS 120
1.0 1.0 a1} 18
1.0 1.0 a0 125
1.0 1.4 Bs 120
1.5 1.5 ars 132.5
1.0 1,0 100 125
1.5 1.5 102.5 1375
1.0 1.0 105 135
1.5 1.5 075 1425
1.0 140 110 140
20 2.0 115 150
1.0 1.0 115 145
2.0 20 120 1640
14 1.0 125 160
20 2.0 130 170
15 1.5 a7 1725
15 1.5 147 182.5
2.0 20 160 2040

Grease
volume
0%

em’

4.6

50

4.9

.0

5.0
1.4

T0

1,0

80

15,0

B0

1540

100

16,0

20,0

.o

26,0

150

27.0

20,0

210

320

PCD of
Iubrication jets
F

mm
Bz2
86,3
872
4

22

883

98,3

103.9

4.3

112

1083

16,0

1163

120.8

1213

1274

1264

1344

1383

1444
150,3
160:3

174.4



HYBRID RHP EXCEL . '
x70**s ISC SERIES 10 it

Single row angular contact ball bearings with ceramic balls

Primary ' Baslc | Limiting speeds Loead ratings Abutment dimensions Grease PCD of

dimensions bearing dynamic  slatic max. fillet radius  dy° Dy* volume lubricaticn [eis

d o B ollfal grease C, Cor f f min max 0% P

mm ravimin H mim em’ mm

20 42 12 X70045CTSL | ADEDO 44400 7E00 000 0.8 0.3 25 ag 0.6 26.4
X7004SETSU | 62300 40700 7200 4750

25 47 12 XTOOESCTSU | 64000 28300 BAOD G200 0.6 0.3 28 44 0.7 354
HTOORSETSU 59700 5000 7900 5900

30 55 13 XPOOESCTSL | 54000 32400 Q000 7450 1.0 0.6 a5 50 1.5 aga
X70OGSETSU | 50600 25500 B5O0 750

35 62 14 X7007SCTSU | 47400 28400 12000 10100 1.0 (i 40 57 2.0 455
KTOOTSETSU 44300 PEOOD 11300 9550

40 68 15  |x7vooescTsu | 4se0o 2SSO0 12800 11700 1.0 1.0 a5 63 25 510
X7O0BSETSU | 39800 23300 12100 11000

45 75 16 X7O0BSCTSY | 28300 23000 15000 14600 1.0 1.0 50 70 a3 566
XTOOOSETSL A5800 21000 15000 13800

50 80 16 XP10SCTSU | 35400 21100 16600 16000 1.0 1.0 55 75 34 1.6
XPFMOSETSU | 33100 19300 15600 15000

55 a0 18 K7011SCTSU | F1700 19000 20500 20200 1.0 1.0 ] 85 4.8 GB.7
XMN1SETSU 20600 17400 19400 1B900

60 85 1B  |x7oiescTsu| 2o7o0 17700 20800 21000 1.0 1.0 B5 oo 50 a7
XT0128ETSU | 27700 16000 12600 10600

65 100 18 KID1ASCTEY | 27800 TRTO0 21500 22500 1.0 1.0 70 a5 5.0 787
KTO135ETSY 26100 15300 20200 20800

70 110 20 KFMASCTSY | 25500 15300 26100 27800 1.0 10 75 105 70 BS.&
XT014SETSU | 23900 13900 24600 25500

75 115 20 XTO1880TSU | 24200 14300 27000 POR00 1.0 140 B0 110 8.0 90.8
XI01SSETSU | 22800 13200 25400 2TAO0

80 125 22 XTO16SCTSU | 22400 13000 31500 34700 1.0 10 8BS 120 10.0 07,9
XT016SETSU | 21000 12300 29500 3200

85 130 22 KP017SCTSU | 23300 12000 FP500 BEO00 10 1.0 80 125 11.0 1029
X7017SETSU | 20000 11700 A0E00 34400

a0 140 24 KTO1BSCTSU | 21700 11200 42000 47000 1.5 15 B75 132 14.0 108.6
X7018SETSU | 18700 10804 39600 43800

95 145 24 X701850TSY | 20800 16600 42800 48600 1.5 15 02 157 14.0 116.1
X7019SETSU | 17000 10400 40100 45200

100 150 24 ¥70205CTSU | 20000 10200 44100 51500 15 15 107 {42 15.0 119.6
X7020SETSU | 17200 2000 41500 48200

105 160 26 K70215CTSW | 18000 8600 49500 58000 20 2.0 115 150 190 128.4
¥7021SETSU | 16200 3300 AGEO0 54000

110 170 28 K702280TSU | 17800 5000 SB200 BEA00 2.0 20 120 160 30 1356
XT0225ETSU 15300 #3700 52800 62000

120 180 28 X70245CTSU | 16700 B400 57700 0500 20 20 130 170 4.0 1439
K70Z4SETSU | 14300 8100 54300 HB000

130 200 33  xvoesscrsu | 15100 7700 72800 81000 24 EX] 140 190 39.0 GO0
XTO26SETSU | 13000 TE00 BEEDD BEO00

140 210 33 X70285CTSU | 14300 7200 74700 05000 2.0 20 150 200 42.0 170.0
KI0ZESETSU | 12300 G200 70400 0G0

150 225 35 X70A05CTSU | 13300 BTO0 G400 117000 20 20 160 245 51.0 182.0
XTOS0SETSU | 11500 G500 B5100 109000

" Abutment diameters are suitable for Both sides of the bearing

NSK-RHP
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HYBRID RHP ULTRA

TTO**S ISO SERIES 10

12
12
13
14
15
16
16
18
18
18
20
20
22
22

Dy D

Single row angular contact ball bearing with ceramic balls

Primary Basle Limiting spoeds o Load ratings Abutment dimensions Grease
dimensions bearing dynamic  static max. fillet radius d,* D volume
d o ollair grease = Cor r ry min  max 20
; - ravimin H mm em’
20 42 T7OO4SCTSL | 92500 56600 450 asen 0.6 03 23 a9 07
25 47 TIO05SCTSY | 79500 48500 8330 4340 0,6 03 o8 44 0.8
30 55 TFO06SCTSU | 67500 41000 10300 5550 1.0 0.6 35 S0 1.1
as 62 T7007SCTSU | 59000 3B000 13000 7400 1.0 06 40 57 15
40 68 THOO8SCTSU | 53000 32500 14100 8650 1,0 0F 48 63 1,8
45 75 T70085CTSU | 47500 20000 16700 10500 ] 06 50 i 24
50 80 TIO0BCTSY | 44000 27000 17200 1300 1,0 06 55 75 26
55 a0 TTOUSETSU | 37500 23500 20800 14300 10 1,0 B0 & as
60 a5 TYO125CTSU | 385500 21000 21400 15200 1.0 1.0 B3 o0 3.8
65 100 TTO13SCTSU | 33000 20000 24800 17700 10 1.0 0 95 4z
70 110 T7O4SCTSU | 30500 18000 32200 23400 1.0 10 75 108 5.7
75 115 TPOISSCTSUY | 29000 165010 32000 23700 1,0 10 680 1o 6.1
80 125 TFOI6SCTSU | 2Es00 15000 35000 27100 1.0 10 85 120 7.8
85 130 THNTSCTSU | 25500 14000 600 28700 1.0 1,0 90 125 a2
90 140 T70185CTSU | 24000 13000 42400 34000 1.5 1.5 975 1325 10,0

24

* Abulmen damelers are suitable lor both sides of the baearing

RHP Super Precision bearings

&4

PCD of
lubrication jets
P

mm

276
326
38,7
442
497
55,3
60,3
674
24
Tr.0
537
a8y
5.8
100,85

1079




Single row radial ball bearing designation system

6 0 10 i § B CN P4
ﬁ —_— TYPE -] Single row radial ball bearing
_AHP. 150 _RHP 30 00
0  ——  DIMENSION SERIES 2 02
10 3 03
10 00 - 10mm 04 upwards, multiply by 5 lo oblaln bore slze in mm
e o1 - 12
BORE CODE aB. fhi
03 - 17mm
@ N I
————  CONSTRUCTION g S Graets ke
T T Phenalic resin
CAGE MATERIAL M Brass
THTHH Polyamide
B Innes ring guiced
E' [ LOCATION A Ouster ring guided
BH Innes ring guided
Standard A.1L.C. Ct
BN — cz
[
RADIAL ot
INTERNAL CLEARANCE G
SPECIAL R.I.C. R
SPECIAL AXIAL FIT  A*
AHF 150 ABEC
P4 Se— [ 5 5
PRECISION GRADE P4 4 7
Pa Dimenssonal accuracy P4, Running acouracy P2
P2 2 9

@® Denoles standard teature, no indicalor necessary
** Denaotes mean figure ghven in um

NSK:-
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60** ISO SERIES 10
62** ISO SERIES 02
63** ISO SERIES 03

Single row radial ball bearings

PCD of

Primary Basic Limiting speads Load ratings Abutment dimensions Greaso
dimenslons bearing dynamic  slatic max. fillet radius  d, oy volume lubrication jets
i | o B oilfair greasa c, C. r min max bl iy P
mim revimin M mim cm’ mm
10 26 8 6000 TBH 48500 ABEGD 4500 1870 0.3 12 24 0,2 20,2
30 g9 5200 TB TR0 50000 G100 2630 06 14 27 0,27 24,1
12 28 8 6001 TBH 46800 45800 4300 2370 03 14 26 0,2 229
32 10 6201 TB GROOD 45000 G0 2090 06 15 23 0,35 26,4
15 32 9 G002 TB G000 42000 5400 2840 0,3 17 an 03 26.2
3 N 6202 TH B0000 40000 7700 A760 0,6 18 az 0,54 26,4
17 35 10 B003 TH 57000 FBO00 HEO0 G260 03 19 a3 0.4 28,9
40 12 6203 TR 52000 F5000 600 4760 0,6 20 57 0,66 325
20 42 12 8004 TR 48000 32000 9780 5060 0.6 o a8 0.7 a4,6
47 14 G2 TH 44000 A5000 12800 GEO0 1,0 25 42 092 7.0
52 15 6304 T 41000 27000 15900 TRO0 1.0 26 47 13 40,1
25 47 12 6005 TB 45200 27000 10700 500 0.6 28 44 0.9 49,4
52 15 G205 TH AZE00 2EC00 14004 THED 1.0 an a7 13 42,5
62 17 6305 TB 31600 23000 20E00 11700 1.0 ao 57 20 489
30 55 13 8006 T8 40000 23000 13500 8250 1,0 a5 50 10 45,5
62 16 G206 TE 97300 21000 20900 12100 1.0 35 57 17 509
2 19 630G TE 2GR0 19500 29600 166G 1.0 35 67 23 58,1
35 62 14 6007 TB A5500 22000 16000 10300 1.0 M &7 14 522
72 17 G207 TB 32700 18500 26700 15300 14 40 67 24 50,0
B0 21 6307 T8 23000 150080 3300 18100 15 425 725 4,0 B35
40 68 15 BOOR TB 32400 21000 16800 11500 10 a5 63 17 57.8
80 18 6208 TB 26700 18600 32600 19600 1.0 a5 75 32 B5,5
90 23 6308 TB 20700 13600 44400 26100 15 a5 BZS 6,0 72,4
45 75 16 BO00 TR 20000 1BE00 21000 14200 10 50 0 21 £3,7
85 19 B208 TB 26000 15300 2700 20500 10 50 BO 40 70,8
100 25 6300 TB 18500 12000 52800 AFan 1.5 525 925 7.3 80,1
50 80 16 &010 TB 26700 17300 21800 16500 1,0 55 75 23 68,9
a0 20 6210 TR 24200 14300 a5100 23200 10 55 85 4.0 75.5
110 27 6310 TR 16ED0 10800 G180 a7 2.0 80 160 10.0 88.3
55 90 18 6011 TR 23RO 16700 2E200 21300 1.0 &0 a5 3.3 775
100 21 6211 TB 21900 12000 43300 20200 1.5 625 825 54 834
120 29 6311 TB 15100 0300 71500 A4BO0 2.0 65 10 15.0 96,6
60 95 18 B012 T 21000 15700 20400 23200 1.0 &5 90 a3 821
110 22 6212 TB 19700 11700 B2400 A5800 1.5 67.5 1025 6,8 01,7
130 3 &312 TE 13600 000 B1800 52000 20 70 120 16,0 1068
65 100 18 8013 TS 20600 13300 30500 25200 1.0 70 as 4,0 874
120 23 6213 TB 17800 10800 57200 40100 1.5 725 1128 86 100,9
140 33 6313 TB 12700 8300 92600 59500 20 75 190 18,0 128
70 110 20 6014 TB 18400 11900 38000 30000 1.0 75 105 5.4 045
125 24 | s2a7B 16700 10200 s2200 44000 1.5 mE 175 32 1065
150 35 | sraTE n7on 7E00 104000 68000 20 BO 14D 220 122,1

RHP Super Precision bearings

86




Single row radial ball bearings

Primary Baslc Limiting speeds Load ratings Abutment dimensions Grease PCD of

dimensions bearing dynamic  static max. fillet radius d, oy volume  lubrication jets
d o B oilfair grease c, C. r min max 30 P
mm ravimin N mim cm’ mm
75 115 20 8015 T8 172040 1100 30500 33500 1.0 80 10 5.4 00,4
130 25 B215TH 15600 10100 GE100 ABAOD 1,5 825 1225 10.0 10,5
i60 a7 G315TA 1000 7100 115000 FI000 20 85 150 28 130,5
80 125 22 G016 TE 15700 10200 ATROO BEF00 10 85 120 7.3 109,2
140 26 G216 TB 14300 G200 F7ano SRSO0 20 8 130 120 120,4
170 39 6316 TR 10200 GEO0 114000 70500 20 g0 180 38 135,1
a5 130 22 &017 TE 14700 9500 49500 43000 1.0 90 125 74 14,2
150 28 6217 TB 13100 8500 83200 84000 20 95 140 14.0 1258
i80 M4 BT TR G50 B200 143000 SE500 25 a75 1875 400 145.0
a0 140 24 G018 TR 13500 8700 58100 49700 1.5 875 1305 100 1227
190 43 G318 TE S000 SO0 143000 107000 25 1025 1775 50,0 156.5
95 145 24 G019 TH 12600 a100 BO400 53500 15 1025 1375 10,0 2654
100 150 24 6020 TH 12000 TEOD G2A00 SB0O0 15 1075 1425 11.0 132.4
110 170 28 6022 TE 10100 G500 81800 TESOD 20 170 160 17.0 149,09
120 180 28 6024 Th 400 G100 84800 7200 2.0 140 170 18.0 1433

NSK-RHP
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Ball screw support bearings and units designation systems

BSB 025 062 DU M
BSB e
TYPE
DIMENSION SERIES
025 for Brgs .
25 for Units BORE CODE
. op.cone (22,
For BSPB
DU —
GROUPING
M N——
PRELOAD
SPECIAL PRECISION
P3 ———  PRECISION GRADE

BsBE Ball screw suppor bearing

BSCU Carfridge unit

BSPB Pillaw biock wnit

AHP IS0

L Nan 30

2 oz

3 o3

AHP METHIC RHP INCH N

Siza in mm. Nom slza in 100°ths of an inch

g.g- 150 = 14"

AHP METRIC FHP INCH

Size nomm, {Excep bor 1.5.0. Saries) L]

Housing dizmater in mm.

Base o bore centrafine haight in mm

s Single universal

DU, DB, OF, OT Paired unit

3U, 3T, 278, 2TF Tripée sat

QL QB, OF, aTB, 3TF Crund 581

AHP LEVEL

L Light - Matric series

M Modium - Metric sariss
H Heavy - Metric series
H Starsdard Preload - Inch sanes
L€ iy Special preload

Reler lo NSK-RHP for details

Applies ondy to single bearings

Dimensional accuracy P4. Running accuracy P2,

@  Nondicator used to denote this featura,

Dencles mean figure given inpm

RHP Super Precision bearings
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BSB cti senries ﬁ |

D, O
Ball screw support bearings ) _
Primary | Basic Axial load Abutment dimensions Praload Axial Limiting  Drag
dimensions bearing ratings max. filletradius slitiness spoods torgue
dynamic static dy* D,
d ] B C, Cos ro min max - )
mim M mm ] MfyLm rew’min Nm{
bearing
20,000 47,000 15,875 BSB 078 23000 34200 0.6 26 42 3500 750 3300 017
23,838 62,000 15,875 BSE 093 26500 47500 1.0 30 &6 4500 1060 2300 023
38,100 72,000 15,875 BSH 150 900 61900 1,0 a6 65 7000 1300 2000 0,23
44,4754 76,200 15,875 BSB 175 33700 59800 1,0 51 69 7000 1380 1960 0,28
57,150 90,000 15,875 B50 225 36604 86100 1.0 B4 B2 7o00 1620 160 0,40
76,200 110,000 15,875 BSE 300 29700 111000 1.0 B4 102 10000 2050 1250 051
101,600 145,000 22,225 BSE 400 rann 225000 1.0 1z 138 13000 2480 ann 068
127,000 180,000 22,225 BSE 500 B5200 5000 1.0 by 173 17500 3160 750 1,08

* Abutment diameters are sultabie for both sides of the bearing

NSK:-RHP
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BSB METRIC SERIES @

_Ball screw support bearings

D, O

Brimary " Basic Axial load Abutment dimenskens Prefoad’*
dimensions bearing ratings max fillet radius
dynamic static dy* 0,
d o B C, Coa T min max L L] H
mm N mm N
17 47 15 BSB 017047 23000 34200 06 23 a2 &75 1750 BE00
20 47 14 BSB 2020 22000 23200 i 26 az a75 1750 3500
47 15 BSB 020047 23000 34200 06 28 4z 875 1750 3500
25 52 15 BSE 2025 23800 ATBO0 1.0 35 47 1000 2000 4000
62 15 BSB 025062 2B500 47500 1.0 a5 55 1125 2250 A500
62 17 BSE 3025 26500 47500 1.0 35 56 1125 250 4500
30 62 15 BSE 030062 RSO0 47500 1.0 a7 56 1125 2250 4500
62 16 BSE 2030 DRS00 ATEOD 1.0 a7 56 1125 2260 4500
72 15 BSE 030072 31900 61200 1.0 a7 BE 1700 3400 GROD
72 19 BSB 3030 35400 59700 1.0 ar a6 1170 2150 4650
35 72 15 BS6 035072 A1500 E1900 10 42 BB 1700 3400 A0
72 17 BSB 2035 31900 61900 1.0 42 B 1700 3400 GEO0
100 20 BSE 035100 BIE00 130000 1.0 42 ai 3200 B0 12800
40 72 15 BSE 040072 31200 &1300 10 48 BB 1700 2400 BT
80 18 BSE 2040 BS00 TRION 1.0 A6 7 1190 2320 4280
a0 15 BSE 040020 ABS0 BE100 1.0 4B Az 1975 3850 7300
100 20 BSE 040100 63800 130000 1.4 48 an 3200 BAQD 12800
45 75 15 BSE 045076 33700 BOAO0 140 51 69 1700 3400 BA00
100 20 BSB 045100 HIE00 130000 1.0 54 an 2200 G400 12800
50 an 15 BSB 050080 SES00 BE100 1.0 56 a2 1975 950 7800
100 20 BSB 050100 EIBO0 130000 1.0 59 an 200 B40D 12800
55 a0 15 BSB 055080 36500 26100 1.0 53 B2 1975 2950 700
120 20 BSB 055120 &7800 156000 140 65 1o SH00 7RO0 15600
60 120 20 BSE 060120 67300 156000 140 69 110 3900 THOO 15600
75 110 15 BSB 075110 30700 111000 10 B 102 2600 G000 10000
100 150 225 | BSB 100150 Fradn 225000 1.0 110 140 5350 106040 21000

RHP Super Precision bearings
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Axial I..-1mltll!g Drag

stiffness™ Speeds"’ torque
L L] H L M H L M H
MNium rew!min Nm/taaring
480 (1] THO 4800 42040 3300 004 Q.08 016
480 G0 750 4800 A200 3300 0,04 0,08 0,8
480 610 Ta0 AA00 4200 3300 0,04 0,08 (e ]
525 Lt B4 4200 aron 2000 0,04 0,08 (ER 1]
G50 815 1000 3300 2800 2300 0,056 0,11 0.2
650 815 1000 3300 2900 2300 0,05 [ER R .21
a0 815 1000 3300 2000 2000 0,05 011 0.21
650 Bi5 1000 3300 2804 2300 0,05 11 021
800 1000 1270 2800 2600 20040 0.06 012 0,24
G675 B25 1070 3200 2800 2200 0,04 008 LA
B0 1000 1270 2900 2600 2000 0086 a1z 0,24
800 1000 1270 3000 2600 2100 0.06 012 0,24
1050 1360 1750 2500 1800 1500 0,18 0,35 0,69
BOO 1000 1270 2800 2600 2000 0,08 0,12 024
770 850 160 2700 2300 1800 0,04 0,08 07
1000 1280 1630 2300 2000 1800 0,09 0,18 0,36
1040 1360 1750 2200 1900 1500 0,18 0,35 0,8
840 1070 1370 2800 2400 1900 0,07 0,14 0.28
1090 1360 1750 2200 1800 1500 018 0,35 0.62
1000 1220 1630 2300 2000 1600 0,0a 018 036
1080 1360 1750 2200 1800 1500 018 0,35 0,69
1000 1294 1630 2300 2000 TEGD .09 LR L 0,36
1280 1520 2080 1800 1600 1250 0.2 0.39 0,78
1280 1550 2080 1800 1600 12580 0z 0,29 0,78
1260 16820 2060 1800 1600 1250 0.1 022 044
1800 2250 2850 1300 TED 00 0.27 0,53 1.06

Tha Figures listed In the L, M and H columns for axial stifiness, imiting speeds and drag lorque are based on the
LiLighty, b (Medium) and H (Heavy) preload values given in Lhis Labls,

“Abutment diamaters an sulable for bolh sides of the bearing
“*Preioard, axial stiffness and imiting speeds are for palrs of bearngs mounted ither back-to-back or face-to-lace,

NSK-RHP
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Cartridge units

BSCU SERIES

Recommendad shaft g5

10 holes "L® dia.
aequi-spaced on
"M" P.C. dia.

4 holes "N dia.
aqui-spaced on

"0° R.C. dia.

e

- [F -

e E —n

1—6—-

h=J

o

o
4]

H —
Duplex mounting
Shaft  Duplex Housing dimensions
dia. hearing
unit & B [ H (0] E F G H 1 dJ K L M N 8]
mm mmy
17 BSCU 17060 D 17.000 25,0 60,000 00 320 13.0 44 28 47,0 36,0 64.0 20 8,6 ¥6,0 4.3 42 5
15,996 59 887 43,24
20  BSCU 20060 D 20000 260 BOO00 GO0 320 130 4426 470 360 640 320 6.6 O 43 425
19,996 59,287 43 24
25 BSCU 25080 D 26,000 40,0 BOO00 1200 320 15.0 0,26 520 500 BB.D 44.0 9.2 1020 4.3 54.5
24,996 79,287 49,24
30 BECU 30080 O 30000 41,0 BO,0O00 1200 320 15,0 50,26 2.0 500 B8O 44.0 a2 020 4,3 50.5
20,896 79,9687 49,24
35 BSCU as0o0 O 35,000 46,0 90,000 1300 2.0 15.0 A0,26 52,0 B0.0 88.0 48.0 3.2 1130 4,3 G665
34,995 B3,985 A48, 24
40  Bscu 40000 D 0000 4E0 BO000 1300 5240 150 502 520 600  SHO 490 B2 1130 43 665
30,995 89,985 45 24
BSCU 40124 D A0 000 66,0 124,000 1850 43.5 17.0 G4 26 6.0 Y60 1280 &40 11,4 146,00 53 90,0
38995 123,982 63,24
45 BSCU 45002 O 45000 55.0 92,000 1300 3240 150 5026 520 @00 S8.0 490 a2 130 4.3 B6 5
44,095 91,985 49,24
BSCU 45124 D 45000 660 124000 1650 43,5 170 64 26 6.0 760 1280 84,0 11,4 1460 5.3 90,0
A4 095 123,982 B3.24
50 BSCU 50124 500000  BA0 124000 1850 435 170 B426 860 TEO 1280 840 14 1460 53 900
48 095 123.882 63,24

IEHE Super Precision b_em'l'.ngs
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Recommended shafl g5

10 holes "L" dia,

aqui-spaced on
"M* BC. dia.

4 hofes "N" dia.
aqui-spaced on
"O" PC. dia.

g0—
—

iq— _-—p.-|

g E =

-

o
m

ks

Shaft  Guadruplex Heusing dimensions
dia. bearing
unit A B C i] E F
mim mim .
17 BSCU 17060 17,000 260 BOOOD 900 320 130
16,906 59,987
20 BSCU 20060 O 20,000 260 EOOO0 SO0 320 130
19,996 59,987
25  BsCcU znoE0 O 25000 400 BOOOOD 1200 380 150
24 996 70.987
30 BSCL 30080 O 30,000 410  BDODG 1200 320 150
20,096 79,967
35 BSCU 35000 G 35,000 460 90000 1300 320 160
34,095 89,985
40 BSCU 40080 O 40000 460 GOOOD 4300 320 150
39,595 83,985
BSCU 40124 Q 40,000  BED 124000 1650 435 170
99,905 123,082
45 BSCU 45092 O 45,000 850 02000 1304 320 150
44,505 91,085
BSCU 45124 O 45000  BED 124000 1650 435 170
44,095 123,082
50 BSCLU 50124 O 50000  BBO0 124000 650 435 7.0
40,995 123,982

- G
G H J K L M N o
fAdE TTO 0 350 64,0 320 6,6 f6.0 43 42.5
7274
74,28 o 380 54,0 320 6.6 f6.0 44 42,5
774
80268 820 500 #8,0 44,0 a2 o020 43 53,6
TH T4
80,26 820 50,0 B&,0 44,0 92 2o 43 58,5
78,74
BO2EG  B2D 600 pan 49.0 8.2 "nion 43 66,5
78,74
802G 820 800 58,0 43,0 92 13,0 43 66.5
T8.74
10426 10600 760 128.0 64,0 A 146,0 53 90,0
102,74
8026 820 600 6.0 49.0 8.2 113.0 4.3 6,5
78,74
14,26 1060 760 1280 64,0 1.4 146,0 53 a0.0
102,74
10426 1060 TEO 1230 64,0 1.4 1460 53 0.0
102,74

NSK-RHP
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Pillow blocks

BSPB SERIES

f——— H —

Recommended shaft g5 [ G

o —

Duplex mounting
Shaft Duplex

Housing dimonsions

dia. bearing
unit A B cC o]
mim mm
17 BSPE 17082 17,000 26,0 32,000 &2.0
16,996 31,987
20 BSFPB 20032 20,000 26,0 32,000 62,0
19,906 31,087
25 BSPB 25042 25,000 an,0 42,000 #5.0
24,906 41,087
30 BSPE 30042 a0 440 42000 BS0
20,006 41,987
a5 BSPE 35050 35000 460 EO000 050
34,905 49 987
BSFPB 35065 35,000 85,0 85,000  130.0
4,505 G4 987
40 BSFPB 40050 40,000 45,0 50,000 95,0
39,805 49,087
BSPB 40065 40,000 B, 0 65000 1300
49,905 64,087
45 BSPRE 45065 45,000 B&,0 65000  130.0
44,905 64,987
50 BSPE 50065 50,000 66,0 65,000 1200
43,9495 64,587

RHP Super Precision bearings
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-

2 pilat holes
"L elia

4 holes °J" dig,

u
N E f* E
le—F —+ le—F —
o | A =
1§ i
il HE
P [LhEe
i HE
Eid |
i ¥ 1 1
| il
= F
4 holes "M dia.
adqui-spaced an
'O RC. dia,
E F G H I J
47,000 170 44 26 47,00 36,0 9.0
46,987 43,24 4695
47 000 170 44,28 AT 00 38,0 2.0
46,937 43,24 46,95
52 500 200 526 52,00 a0,0 1.0
B2 487 48,24 51,85
62,500 20,0 50,26 52,00 50,0 110
62,487 48,24 51,85
68,000 205 50,26 52,00 60,0 1340
67,987 48,24 51,95
85,000 30,0 &4 26 68,00 TEO 18,0
94,987 5324 65,95
BE,000 20.5 50,28 52,00 60,0 130
67,987 49,24 51,95
95,000 3.0 54,26 66,00 6.0 180
o4, 887 6324 65,95
95,000 30.0 64,26 £, 04 w0 18,0
84,987 G324 65,95
85,000 30,0 64,26 6,00 76,0 180
94,987 63,24 65,95

420

420

500

65,0

7.8

]

9.8

9.8

9.8

9.8

11,8

1.8



1.0

1.0

1.0

1.0

1.0

4.3

43

4.3

4.3

4.3

53

4.3

53

53

54

| a

42.5

505

90,0

6.5

-

L

Dimensional lolarances +0,13
unless otherwise stated,
Aecommended shall g5

da.n

GH.0

42,0

53,0

420

53.0

220

22,0

26,0

250

26,0

az.0n

| 4 hales "J" dia.
| 2 pilot holes

"L dha.

- &
|
1
% 45"
= T u
0.0 B85 B5.5
2.0 4.5 85,5
100 (e 150
10,0 0.0 1160
10,0 10,0 126,00
130 15,0 1750
100 10,0 1260
13.0 16.0 1750
13.0 15.0 175.0
130 15,0 175.0

\ 4 holes "N° dia

1
e

aqui-spaced on
'O BC, dia,

Quadruplex mounting
Specilic dimensions

G H P
74,26 7700 £8,0
7274 78,95

74,26 77.00 BE.0
72,74 695

80,28 8200 72.0
78.74 81.05

80,26 B2.00 72,0
7B.74 B1.05

an,26 B2,00 72,0
78,74 B85

104,26 106,00 a3,0
102,74 105,95

B0,26 82,00 TR0
78,74 #1465

104,26 108,00 93,0
102,74 105 495

104,26 106,00 a0
102,74 105,95

104,28 106,00 93,0
102,74 105,95

NSK-RHP
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Notes

RHP Super Precision bearings
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