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Thank you for your valuable support of KOYO products.

Nowadays, there is a pressing demand in the industrial world
for sophisticating machine tools in all aspects.

Accordingly, ball & roller bearings for machine tools must be
more compact and lightweight and exhibit such features as
longer service life, higher performance, and higher reliability.
This is made possible only through a wide range of high
technologies.

Under these circumstances, we have decided to publish this
revised version of the KOYO catalog, Precision Ball & Roller
Bearings for Machine Tools.

In this catalog, we have enriched the contents and added
new products.

We are confident that this catalog will be of help to the user
in the design of machine tools and in the use of precision
rolling bearings.

JTEKT continually offers the best technologies, quality, and
services, through inspiration from the market and putting efforts
into research and technical developments.

We hope that you will be as satisfied with our products and
services as you have been in the past.

vThe contents of this catalog are subject to change without prior notice.
Every possible effort has been made to ensure that the data listed in this
catalogue is correct.
However, we can not assume responsibility for any errors or omissions.

Reproduction of this catalog without JTEKT's permission is strictly prohibited.
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Precision Ball & Roller Bearings

1. Types and structures of precision ball & roller bearings for machine tools

Table 1. 1(1) Types and structures of precision ball & roller bearings for machine tools

H Spindle bearings

speed performance than double
row cylindrical roller bearings.

Bearing types Cross-sections | Bearing series (;‘:,gtl:‘s:t Features and descriptions P,\"j‘g_e
79C - Some bearing series support
2 70C 15° contact angle of 40° (B).
|8 72
Xe) 70 o
g 72 30 51
§ 79CPA - Exhibits superb high-speed per-
m 2] 70CPA 15° formance using an outer ring
72CPA guided cage.
- Improvements in high-speed
[Tligh Fbitity HAROC 15° performance are made through
HAROC the use of balls that have a
ﬁ smaller diameter than standard
bearing balls. Also, a large
§ HAR9CA - number of balls contributes to g0
> HAROCA hlgher I'Igldlty.
3 - Rolling elements are available in
e steel and in ceramic.
21 HAR9 30° - Consult JTEKT, as the HAROOO
%’ HARO series can correspond to the
non-contact seal.
[Tligh Ebitity 3NCHAC9C 15 - Large-diameter balls enable high
Qnﬁ:]glar Qontact 3NCHACOC load-carrying capacity. 106
all bearings 3NCHACO9CA 20° - Ceramic balls realize excellent
3NCHACOCA high-speed performance.
[Tligh Ebitity ® - These bearings have holes for
ol . oil/air lubrication. They are
:3 3NCHADOCA 20 suitable for ultrahigh-speed
3 applications.
2l ) i : 114
[Tiigh Elbitity | < rC]D_e:]amlc b;llls r;aallze excellent
2 | 3NCHAF9CA -~ igh-speed performance.
£ | 3NCHAFOCA
o
T - Bearings with tapered bores (K)
are also available for applications
EmggK using tapered shafts.
e T = - For radial internal clearance val-
cylindrical roller bearings | ues, use non-interchangeable
R - bearings.
- Bearings provided with a lubri-
NNU49 cation hole or groove on the
NNU-type NNU49K outer ring are also available (W
double row E g (W)
cylindrical roller bearings 121
- Bearings with tapered bores (K)
are also available for applications
using tapered shafts.
ﬂ:p - For radial internal clearance
N10 values, use non-interchangeable
N-type — N10K bearings.
single row - This type of bearing produces
cylindrical roller bearings @ less hxr/eF;t and has t?e?ter high-

T




Table 1. 1(2) Types and structures of precision ball & roller bearings for machine tools
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; : Bearin Contact i Page
Bearing types Cross-sections seriesg angles Features and descriptions No.
- Placed on the small tapered-
2344B bore diameter side of NN30K, or
used together with NN30.
60°
- Placed on the large tapered-bore
2347B diameter side of NN30K.
‘ ‘ - Placed on the small tapered-
. . 2394B bore diameter side of NNU49K,
Double-direction or used together with NNU49.
angular contact 60°
thrust ball bearings - Placed on the large tapered-bore
2397B diameter side of NNU49K. 135
- High-speed bearings of the
3 same bore and outside
- ACTODB 30 diameters as double-direction
EZEEEE angular contact thrust ball
bearings 2344B.
) - They are placed on the small
;';?rh;r?&ejﬁtded angular ACTOBDB 40° tapered-bore diameter side of
contact ball bearings NN3OK.
Nominal contact - Metric series single row tapered
g;gjg angles: greater roller bearings complying with
than 10° and ISO standards. 155
gggjg equal to or less
Tapered roller bearings than 17°
upport bearings and support bearing units for precision ball screws
S tb d tb ts f ball
; ; Bearin Contact g Page
Bearing types Cross-sections seriesg angles Features and descriptions No.
F - Standard preloads are specified,
E‘-l respectively, for 2-, 3-, and 4-
row matched bearings.
L‘rg-‘q - Flush-ground G-type bearings
A\
. are also available.
Both-side sealed type SAC 60° - The support bearing for precision
: ball screws can correspond to
Support bearings for Fﬂ
precision ball screws tﬁ;@i“"-aji the type with contact-seal.
) Consult JTEKT if desiring 169
: information about the type with
Matching example of yp
one-side sealed type seal and the matching method.
- Support bearing units consist of
] a support bearing for precision
ﬁ BSU (60°) ball screws (SAC) and a preci-
:&TEXT

Support bearing units
for precision ball
screws

sion housing.

- Fitting this bearing unit is very

simple.

13



Precision Ball & Roller Bearings
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2. Selection of bearings

In order to select the optimum bearing to realize the
intended design of a machine, it is necessary to con-
sider specific operating conditions of the machine,
bearing requirements, designs of parts around the
bearing, marketability, and cost performance.

Table 2. 1 specifies the general procedure for se-
lecting a bearing, and operating conditions to be taken
into consideration. Note, however, that when selecting
a bearing, priority should be given to meeting the most
critical requirement rather than following a given
procedure.

Table 2. 1 Procedure for selecting bearings and operating conditions to be taken into consideration

: . e : : : Related information | Page
Selection procedure Operating condition to be taken into consideration on bearings No.
(1 Bearing types and - Installation space - Bearing types 15
arrangements . R . . )
- Magnitude, direction, and types of load applied to bearings - Bearing arrangement
- Rotational speeds - Running accuracy examples 16
- Noise/frictional torque - Rigidity
- Method of mounting and dismounting - Bearing arrangements
- Marketability and cost performance
(2 Bearing dimensions - Dimensions of bearing mounting positions - Bearing rating life 18

(—

- Dynamic equivalent load and rating life
- Rotational speeds

- Basic dynamic load ratings 18
- Dynamic equivalent loads 20
- Permissible axial loads 23

(3 Bearing tolerance class

(—

- Running accuracy (runout) - Noise/frictional torque
- Rotational speeds

- Bearing tolerances

(Dimension tables)

(@ Fitting and
internal clearance

<:

- Loading condition

- Operational temperature distribution
- Shaft and housing materials

- Dimensions and tolerances

- Temperature differences between inner ring and outer ring
- Rotational speed - Amount of preload

- Fitting

- Recommended fitting 27
- Running accuracy of

shafts and housings 34
- Bearing preload 24

- Internal cIearance{DimensionJ

of bearings

tables

(® Type and material of cage

- Rotational speeds - Noise - Lubrication methods

(=

® ILLtJ)b_rication method, - Operating temperatures - Rotational speeds * Limiting speeds of
:né'ggg};ng . - Sealing device - Lubrication methods bearings 29
- Lubricants - Lubrication of bearings 30
@ Method of mountingand | | - Method of mounting and dismounting - Handling of bearings
dismounting, and
mounting dimensions 192

(=

Decision on final speci-
fications of bearing and
parts around bearing

s 14



3. Selection of bearing types

When selecting a bearing type, it is of critical im-
portance to fully understand the operating conditions

of the bearing.

Table 3. 1 shows principal items to be considered
and how to select a bearing type.

Table 3. 1 Selection of bearing types

Items to be considered

How to select a type

] D Installation space ‘

Bearing can be installed in target
equipment

- When designing a shaft system, critical factors on the whole

are shaft rigidity and strength, therefore, shaft diameter,
namely, the bore diameter of the bearing is determined first.

- The installation space determined by types and the dimension

series of the bearings used for the spindles of machine tools
are shown in Fig. 3. 1.
Select the optimum bearing from the types illustrated.

| @ Load |

Load magnitude, type and direciton
which applied
The load capacity of the bearing is
expressed in terms of the basic load
rating, the value of which is given in the
bearing dimension tables.

- Select the optimum bearing type taking into consideration the

magnitude of the load applied to the bearing, whether the load
is axial or radial, whether, in the case of axial load, the load is
unidirectional or bidirectional, the level of vibration and shock,
and other relevant factors.

- Radial load capacity varies as shown below with the bore

diameter remaining the same.

(Small) > (Large)

Angular contact ball bearings  Cylindrical roller bearings ~ Tapered roller bearings

| ® Rotational speeds

Bearing types compatible with the
machine's operating speed
Standard values for rotational
speed limits of bearings are expressed
in limiting speed given in the bearing
dimension tables.

- Limiting speeds of bearings largely depends not only on the

bearing type, but also on other factors such as bearing size,
running accuracy, type and materials of the cage, magnitude of
load, and lubrication. Select a bearing taking these fully into
consideration.

- In general, angular contact ball bearings and cylindrical roller

bearings are often used for high-speed applications.

] @ Running accuracy

Bearing types meeting requirements for
running accuracy
Dimension and running accuracies
are standardized by JIS and the like for
each bearing type.

- The spindles of machine tools, which need to rotate with high

accuracy, require precision bearings meeting tolerance class 5
or better.

- In general, angular contact ball bearings and cylindrical roller

bearings are used.

[ ® Rigidity
Bearing types meeting the rigidity
requirements for machine shaft systems
When a load is applied to a bearing,
elastic deformation occurs at the con-
tacts between the raceway and rolling
elements.The smaller the elastic
deformation, the higher the rigidity.

- In order to improve the machining precision of a machine tool,

the rigidity of bearings as well as the rigidity of the shaft should
be improved.

- In general, roller bearings exhibit a high rigidity, while ball

bearings exhibit low rigidity.
Bearings of the same type and dimensions vary in rigidity with
the number of rolling elements and contact angle.

- The rigidity of a bearing is increased by applying a preload to

the bearing (to provide a clearance of a negative value).
This method is suitable for angular contact ball bearings and
tapered roller bearings.

| ® Mounting and dismounting

Bearing types should be selected taking
into consideration the frequency and
method of mounting and dismounting on
occasions such as periodic inspection

- If the bearing is to be mounted and dismounted frequently,

cylindrical roller bearings and tapered roller bearings are
advantageous, as the inner ring and outer ring are separable.

79 HA9 NNU49 2394

series series series series

HAO ACTO N10 NN30 2344 320

series series series series series series series

Fig. 3. 1 Installation space determined by types and dimension series of precision rolling bearings for machine tools

15
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I

4. Spindle bearing arrangements

For high-speed spindles, the use of ceramic
bearings enables higher speed.

Table 4. 1 presents typical arrangements for spin-
dle bearings for machine tools.

Table 4. 1(1) Examples of spindle bearing arrangements
(The dwn value represents the product of the pitch diameter of ball set d., and the rotational speed r.)

. q Principal
Types Spindle bearing arrangements Features applications
(Front) (Res) - Both radial and axial loads are Large lathes
ron ear
g(e:g?i;r)]ted by the tapered roller | ~
; 9: purpose
=z A - This arrangement produces lathes
high rigidity but is not suitable o
- : : for high speed operation. M'”'?}Q
machines
<Eh - In some cases, a double row
I tapered roller bearing 46C or
46T is used in the front.
) 46C : two single row bearings
Single row Double row combined in an outward
tapered roller bearing cylindrical roller bearing arrangement .
320JR NN30K 46T : a double cup and two single
. row of cones constituting an
] Grease lubrication dwn value 0.2X10 \ outward arrangement
(Front) (Rear) - In this structure, radial load is CNC lathes
accepted by a double row cy- _
g % Y = i N lindrical roller bearing and ax- Ic\:Aear1<3(2Lr;|ng
: ial load is accepted by a dou-
| ble-direction angular contact Boring
Foy = = o thrust ball bearing. machines
12) This arrangement produces .
n | 2 | Double row Double row high rigidity. Milling
—~ | cylindrical roller bearing cylindrical roller bearing machines
2 NN30 NN30K
T | Double-direction
angular contact thrust
ball bearings
2344B
’ Grease lubrication dmn value 0.4x10° ‘
(Front) (Rear) - A high-speed matched pair CNC lathes
angular contact ball bearing is -
% Ym e e E used instead of the double- l\:/lea:]ciglrr;mg
l direction angular contact thrust
[0 ball bearing in Type II.. Millin
g
- Contact angles of the high- machines
speed pair-mounted angular
it contact ball bearings are 30°
Double row Double row for ACTODB and 40° for
cylindrical roller bearing cylindrical roller bearing ACTOBDB.
NN30K NN30K
High-speed pair-mounted
angular contact ball bearings
ACTODB or ACTOBDB
’ Grease lubrication dnn value 0.5x10° ‘
(Front) (Rear) - Both radial and axial loads are CNC lathes
accepted by the angular con- M -
: achining
v e B tac_t ball bearing. . _ centers
] - This arrangement is superior to .
- Type I in high-speed Milling
o) - o e performance, but inferior in machines
= L= i radial and axial rigidity.
v | @
_'5) Standard angular Double row
L | contact ball bearing cylindrical roller bearing
70C NN30K
Grease lubrication don value 0.65x10°
Oil and air lubrication 1.0x10°

e 16
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Table 4. 1(2) Examples of spindle bearing arrangements

Principal

Types Spindle bearing arrangements Features applications

- The front bearing of Type IV is | CNC lathes
converted to a high-speed Machining

type. centers
% .
Pﬁ i Milling

(Front) (Rear)

- machines
o)
|
Vie
=
2
L High-speed angular Double row
contact ball bearing cylindrical roller bearing
HAROC NN30K
Grease lubrication don value 0.7x10°
Oil/air lubrication " 1.1x10°
- High-speed angular contact Boring
(Front) (Rean) ball bearings are used in both | machines
the front and rear to provide Machining
F ] greater high-speed perfor- centers
) mance.
%@E - Factors such as thermal ex-
VI pansion should be taken into
consideration for preload set-
= High-speed angular contact ball bearing tings.
:g HAROC
e Grease lubrication 0.85x10°
% Oil/air lubrication " 1.1x10°
2
? - Constant-pressure preloading Grind!ng
o (Front) (Rear) is used to prevent increase in | machines
_"é’ preload due to heat.
D This arrangement produces a
2| fom gement p

ﬁﬁ - = lower rigidity than that
produced by position

VI preloading, but is superior in

high-speed performance.
Standard angular contact ball bearing 70C

or high-speed angular contact ball bearing HAROC

Grease lubrication don value 1.0x10°
Oil/air lubrication o 1.45x10°
- A high-frequency motor is built | Machining

(Front) (Rear)

in Types IV to VI. centers

- Since the driving system
consisting of belts, gears,

§ i couplings, etc. can be omitted,
g C— — this arrangement saves space
VI E and reduces vibration.
@ chL?wrt]ai?ﬁiﬁ gggﬁfg (?)I/rl]iglc?rirczvlvroller bearing  The high-speed :.:mgylar .
HAROC NU10K contact ball bearing is used in
the front, and the single-row
Oil/air lubrication dmn value 1.05x10° cylindrical roller bearing is
used in the rear.

17 o——
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5. Service life of bearings

5.1 Rating life of bearings

When a bearing rotates under a load, the surfaces
of the inner and outer ring raceways and the surfaces
of the rolling elements are constantly subjected to
repetitive loads. Even under proper operating condi-
tions this results in scale-like damage (known as
flaking) of the surfaces due to fatigue.

The total number of rotations before this damage
occurs is known as "(fatigue) service life" of the
bearing.

A substantial variation in "(fatigue) service life"
occurs even if bearings of the same structure,
dimensions, materials, machining method, etc. are
operated under the same conditions.

This variation in fatigue, an intrinsic phenomenon to
the material, should be examined statistically.

The total number of rotations at which 90% of the
same type of bearings individually operated under the
same conditions are free of damage caused by rolling
fatigue (in other words, service life of 90% reliability),
is referred to as "basic rating life of the bearing."

In some cases, however, bearings, when actually
mounted and operated on a machine, may become
inoperative due to causes other than damage by
fatigue (wear, seizure, creep, fretting, brinelling,
cracking, etc.).

By giving sufficient consideration to the selection of
bearings, installation, lubrication, and the like, it is
possible to avoid such causes.

e 18

5. 2 Service life calculation of bearings

5. 2.1 Basic dynamic load ratings

The strength of a bearing against rolling fatigue—
that is, the basic dynamic load rating representing the
bearing load capacity—is the net radial load (in the
case of a radial bearing) or central axial load (in the
case of a thrust bearing) such that its magnitude and
direction are constant and the bearing can attain a
basic rating life of 1 million rotations under the condi-
tion that the inner ring rotates while the outer ring is
stationary (or vice versa).

These are called "basic dynamic radial load rating
(Cy)" or "basic dynamic axial load rating (C4),"
respectively. Values for these items are given in the
bearing dimension tables.

5. 2. 2 Basic rating life

The relationship among the basic dynamic load
rating, the dynamic equivalent load, and the basic
rating life is expressed by equation (5. 1).

If a bearing is to be operated at a constant rotational
speed, its service life is conveniently expressed in
hours as determined by equation (5. 2).

(Total number of rotations)

PO (AT Jo— 5.1)
(Hours) Lloh:gTO:l<%)p ------------ (5.2)

where,
Lio : basic rating life, 10° rotations
Lion : basic rating life, h

: dynamic equivalent load, N

: basic dynamic load rating, N

: rotational speed, min™

: p=3 for ball bearings
p=10/3 for roller bearings

"I QN

When a bearing is operated with a dynamic
equivalent load of P and a rotational speed of n, the
basic dynamic load rating C of the bearing, which is
suitable for meeting the design service life, is given by
equation (5. 3). Thus the bearing dimensions are
determined by selecting a bearing from the bearing
dimension tables, which meets requirement C.

60
C=P (L1oh><1—O’67’) Up . (5. 3)
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[ Reference ] A method for determining the rating life of a bearing in a simplified method

A formula for determining service life, in which a
service life coefficient (f1) and speed coefficient (fn)
are applied in equation (5. 2), is shown below.

\ How to use nomograms \

m Operating conditions (example)
- Cylindrical roller bearing
NN3014K C=96.9 kN

TR0 0 R —— (5. 4) . Rotational speed
Service life coefficient : _ _’127 000 min™
C - Dynamic equivalent load
fh:an .............................. (5. 5) P—4.9 kN
Speed fficient :
pece coetielen 10° 1 (1 Speed coefficient :
—(—10___\l/p : _
In (500><60n) Since n=7 000
fn reads: f,=0.2
=(0.03n) VP, (5. 6)

(2 Service life coefficient :
J/n is obtained as follows.

Values of fn, fn, and Lion are approximated by the Fo=fn IQ) 96.9

nomograms shown in Fig. 5. 1. )

(® Rating life :
Since f,=3.96,
Lion is: Lloh:49 000

Ball bearing

fn 15 1.0 09 0.8 0.7 0.6 0.5 0.4 0.35 0.3 0.25 0.2 0.190.18 0.17 0.16 0.15
Speed
n 10 20 30 40 50 70 100 200 300 500 1000 2000 3000 5000 10 000
. 0.6 0.7 0.8 0.9 1.0 15 20 25 3.0 35 4.0 5.0 6.0
Service ¥
life
Lm nh 100 200 300 400 500 700 1000 2000 3000 5000 10 000 20000 30000 50 000 100 000
Roller bearing
fn 14 13 12 11 1.0 09 0.8 0.7 06 055 05 0.45 0.4 0.35 0.3 0.25 0.2 0.190.18
Speed
n 10 20 40 50 70 100 200 300 500 1000 2000 3000 5000 @ 10 000
\
i h 0.62 0.7 0.8 0.9 1.0 1.1 12 13 14 1516 17181920 25 3.0 35 4.0 45 49
Service
life
LIO h 100 200 300 400 500 700 1000 2000 3000 5000 10 000 20000 30000 50 000 100 000

Fig. 5. 1 Rotational speed (n) vs. speed coefficient (f,) and service life coefficient (1) vs. service life (L1on)

19 s
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5. 3 Dynamic equivalent loads

Bearings are used under different conditions. For
example, they are often subjected to a resultant load
consisting of radial and axial loads, the magnitudes of
which may vary.

Consequently, it is not possible to directly compare
the actual load that a bearing receives and the basic
dynamic load rating.

In such a case, a calculation is carried out for com-
parison and examination, in which a load having a
constant magnitude and direction, is applied to the
bearing center such that it would make the service life
of the bearing the same as that resulting from the
actual load and rotational speed.

This theoretical load is known as the dynamic
equivalent load (P).

5. 3.1 Calculation of dynamic equivalent load

The dynamic equivalent loads of a radial bearing
and a thrust bearing (o & 90°) receiving a resultant
load constant in magnitude and direction is obtained
as illustrated below.

P:){I(‘I__FYF‘a ................................ (5 . 7)

where,

P : dynamic equivalent load, N
For radial bearings,
"P, : dynamic equivalent radial load"
and for thrust bearings,
"P, : dynamic equivalent axial load,"
respectively, are used.

F'. : radial load, N

F, : axial load, N

X :radial load coefficient

Y : axial load coefficient

(Values of X and Y are noted )
in the bearing dimension tables.

1) If Fo/F, = e for a single row radial bearing,
X=1 and Y=0 are used.
Hence, the dynamic equivalent load will be
P=F,.
e denotes the limit of F'./F., whose values
{are listed in the bearing dimension tables.}

e 20

2) Application of a radial load to a single row angular
contact ball bearing, or tapered roller bearing,
produces a component of force (Fa.) in the axial
direction (Fig. 5. 2).

Therefore, a pair of bearings are usually used to
arrange face-to-face or back-to-back.

The component of force in the axial direction is
determined by the following equation.

Fo— 5’; ...................................... (5. 8)
; ;
d L T Load cent
oad center
{ v, |~ Load center 7.

Dimensions representing the position of load
center are noted in the bearing dimension
tables.

Fig. 5. 2 Components of force in axial direction

Table 5. 1 (page 21) shows ways of determining
the dynamic equivalent load where a radial load and
external axial load (K,) are applied to these bearings.
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Table 5. 1 Calculations of dynamic equivalent loads for two opposing
single row angular contact ball bearings or tapered roller bearings

Bearing arrangement ] Bearing| Axial load Dynamic equivalent load
Back-to-back Face-to-face condition 9 y 9
inal F PA=XF, +Y(&+K)
A B B A Beirlng 2;% vk, | A Dy, a
| i Note that Pa=F.a if Pa<Fea
FrB FrA
) .
| Ka L Ka .| 2YB 2Ya
| Pat pal -
Fria B B Fia BeaBnng — Pp=F.p
Bearin
A B B A A 9 — Py=F
— Fip LK< Fia
; K ! Ka Coj2ys T T 2Ya
l T l T FrA
FrB F.B Bearing FrA PB:XFrB+YB( - Ka)
Fia Fia B | oy, K., 2Ya
A Note that Ps=F.p if Ps<F.s
A B B A Bearing P—F
A - A—I'rA
FrB FrA
i R e _Fa
i Ka \ j Ka i 2YB 2YA
D A I Fa
ing| Fe Ps=XFus+Y, ( +Ka)
Foa F:B F:8 lFrA BeaBrlng 2; vk, | TP BT oy
A Note that Py=F if Pp<Fp
FrB
A 5B A Bearing | Fon _ | Pa=XFunt¥s( 0" = Ku)
A |2y :
i Note that Pa=F.s if Pa<Fua
— F.3 S Fia TR
; 7 Ka K | K, L2y 2y T
lFrA FrB FrB l FrA BeaBl'lng _ PB:FrB

[ Remarks ]

1. These calculations are applicable where during operation the internal clearance and preload are 0 (zero).

2. Radial loads are assumed to be positive even if they are applied in the opposite direction of the arrows shown above.
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5. 3. 2 Mean dynamic equivalent loads
for variable loads

When a load, applied to a bearing, varies in magni-
tude and direction, it is necessary to obtain a mean
dynamic equivalent load that may result in the same
service life as would result under actual variation
conditions.

Ways of determining the mean dynamic equivalent
load P, suitable for different variation conditions are
shown in Table 5. 2, (1) to (4).

In the case when a stationary load and a rotational
load are applied simultaneously, as shown in (5), the
mean dynamic equivalent load is given by equation (5.
13).

Table 5. 2 Ways of determining mean dynamic equivalent loads from variable loads

(1) Stepwise variation (2) Simple variation (3) Sine like curve variation
P Pmax
T | Pm [ ]
0 Prin 0
2 nit; 2 nit;
Pinit,+ Pingt,+ - + Pin.t
— D 17t1b1 216202 n/bnbn i
P. J Natr+ natyt e +n.t, Pm:%zpmx ...... (5. 10) P.=0.68 Py = (5.11)
...... (5. 9)
Sine like curve variation Stationary and rotational
(4) (Upper portion of) (5) loads being applied at the 1.0
a sine curve same time ' \ Vi
\ /
N\
p 0.9 \
P /
max //
fm AN 7
| Pn 0.8 1N P4
~N L~
0.7
0 02 04 06 08 1.0
0 P/(P+P,)
X ngt;
Fig. 5. 3 fun Coefficient
Py, =0.75Ppax (5.12) Po=fm(P+Py) = (5.13)
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- In (1) to (4) in Table 5. 2:

P, : mean dynamic equivalent load, N
P, : dynamic equivalent load applied at

a rotational speed of n; for ¢ hours, N
P, : dynamic equivalent load applied at

a rotational speed of ns for t2 hours, N

P, : dynamic equivalent load applied at

a rotational speed of n, for ¢, hours, N

Prin : minimum dynamic equivalent load, N

Prax : maximum dynamic equivalent load, N

>n;t; : total number of rotations in a period
from ¢, to ¢;

p : p=3 for ball bearings

p=10/3 for roller bearings

(Reference) The mean rotational speed nn, is
obtained by the following equation.
_ nititngtatee +nntn

Nm

- In (5) in Table 5. 2:

P, : mean dynamic equivalent load, N
fm : coefficient (see Fig. 5. 3)

P : stationary load, N

P, : rotational load, N

5. 4 Service life of greases

The previous section explained the fatigue service
life of bearings. Spindle bearings for machine tools,
however, rarely have a problem of bearing service life
caused by load.

When grease lubrication is used, ineffective
lubrication may occasionally occur, resulting in bearing
failures. It is therefore necessary to give sufficient
consideration to selecting the brand and the amount of
grease to be used, for given operating conditions.

Refer to "8. Lubrication of bearings" for grease
lubrication.

5.5 Permissible axial loads

A large axial load may be applied to the bearings for
main shafts of machine tools when, for example, tools
are changed.

Application of a large axial load to an angular
contact ball bearing may cause the contact ellipse
formed between the ball and raceway surface to
deviate beyond the raceway surface (see Fig. 5. 4).

Furthermore, if the stress becomes excessive, the
rolling elements and raceway surface may sustain
permanent deformation (nicks), possibly resulting in
increased runout or vibration.

The smaller one of the following values is defined as
the permissible axial load (static). And the permissible
axial load (static) for each bearing is shown in the
dimension list of the bearings.

- The load generated when the end of the contact
ellipse formed between the ball and the raceway
reaches the shoulder of the inner or outer ring.

- The load generated when the pressure of the
contact surface between the ball and the raceway
reaches the standard value calculated based on
the actual results.

\
A\
!

h : bearing shoulder height

a : half length of the contact
ellipses' major axis

F, : axial load

Fig. 5. 4 Contact ellipse
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6. Rigidity and preload of bearings

6. 1 Rigidity of bearings

The rigidity of a bearing has a considerable
influence on the rigidity of the spindle of the machine
tool. The rigidity of a bearing can be improved by the
following methods.

(D Roller bearings, in which line contact is made
between the raceway surface and the rolling
element, are used when a high radial rigidity is
required.

(@ In the case where high axial rigidity is required,
stack mounting angular contact ball bearings, are
generally used.

Furthermore, bearings with a large contact angle
are used.

(3® For high-speed and high-rigidity requirements, it is
effective to reduce the diameter and increase the
number of rolling elements.

It is also possible to improve the rigidity of a
bearing by using ceramics (silicon nitride) for the
rolling elements which is superior in Young's
modulus.

Bearings having ceramic rolling elements also
offer improved high-speed performance since their
density is lower than that of bearing steel, yielding a
small centrifugal force even under high-speed
rotation.

@ Apply a preload to the bearing.

6. 2 Preload of bearings

Preloading means setting the inner clearance to be
a negative value and loading the bearing after
mounting it.

In case of the angular contact ball bearing and
tapered roller bearing, an axial load is applied when
preloading. And in case of the cylindrical roller bearing,
a radial load is applied when preloading.

6. 2.1 Objective of preload

W To improve rigidity

W To improve the positioning accuracy in the radial and
axial directions, and to improve the running accuracy
as well, by minimizing the runout of the shaft

B To reduce smearing by controlling whirl slip, orbital
slip, and rotational slip of rolling elements in high-
speed rotations

W To prevent noise caused by vibration and resonance

6. 2. 2 Methods for preloading

There are two major methods for preloading the
angular contact ball bearing and tapered roller bearing;
position preloading and constant-pressure preloading.

In the position preloading method, the bearing and
spacer, whose dimensions are adjusted to the
specified values beforehand, are used. In the
constant-pressure preloading method, coil springs or
disk springs are used to preload the bearing.

Usage examples and comparison of these methods
are shown in Fig. 6. 1.

Also, these preloading methods can be switched
over when rotating, and the amount of the preload
(load) can be gradually changed in accordance with
the speed of the rotation.

Table 6. 1 Methods for preloading

Position preloading

Constant-pressure preloading

When applying the same preload, the displacement to load is smaller and the rigidity is
higher than when using the constant-pressure preloading method.

When rotating at high speed, the use of this method is limited because the preload amount
varies depending on the mounting conditions, centrifugal force and temperature rise.

This method is applicable when rotating
at high speed because there is less preload
variation when rotating than when using the
position preloading method, and almost
constant preload can be maintained.

However, the improvement of the rigidity
of the shaft is not as good as when using
the position preloading method.

o

|

S
"

|

- 4

o

h

@ Amethodusing |Q@
matched pair
bearings with the
preload adjusted.

B

5% Jﬁo

A method using a
spacer of

preadjusted size. axial direction.

(3® A method using a nut or bolt capable of
adjusting the amount of preload in the

A method using coil springs or disk
springs to apply preload.
When using the coil springs, place

(In this case, confirm that the appropriate | them on the circumference at regular
preload is applied while measuring the
starting torque, etc. This method is not
suitable for conditions which require high
precision, because the bearing tends to tilt
easily. In these conditions, methods 1)
and 2) are recommended.)

intervals so that the pressure is
applied equally.
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6. 2. 3 Preload and axial rigidity

Fig. 6. 1 shows the relationship between preload
(position preload) and rigidity, namely, axial
displacement of a back-to-back arrangement bearing.

Applying a preload P (by tightening the inner ring in
the axial direction), as shown in Fig. 6. 1, results in
bearings A and B respectively being displaced by 84,.
The clearance between the inner rings 28.,, will then
become 0 (zero).

When an external axial load 7' is applied to these
bearings, their resultant displacement as a pair-
mounted bearing set can be obtained as 3 ..

( P : amount of preload b
T : external axial load

T A : axial load applied to Bearing A Bearing B

bearing A .
T : axial load appliedto ~ —£» m N\ L P

bearing B

d, : displacement of pair- T

—

mounted bearing set s s

ao a0

daa : displacement of
bearing A
dap : displacement of
bearing B
280 : clearance between
inner rings before

L applying preload J

Displacement in
axial direction

A
Ta
T T Displacement curve
of bearing A
0aB ' ' ,/’/’/
Sao \jf B
i X y ié'a
T o e (D ‘ Axial load
P Displacement CUNVE ™~
- of bearing B

Fig. 6. 1 Preload diagram for position preloading

[ Reference ] How to determine &, in Fig. 6. 1

(D Obtain the displacement curve of bearing A.

(@ Obtain the displacement curve of bearing B: this is
the curve symmetrical with respect to the transverse
axis and the intersection x at the preload P.

(® Assuming an external load 7', obtain a line x—y on
the transverse axis passing through x. By parallel
displacement of line x—y along the displacement
curve of bearing B, the intersection y' passing
through the displacement curve of bearing A is
obtained.

(@ 3. is determined as the distance between the lines
x'—y' and x—y.

Fig. 6. 2 shows the relationship between preload
and rigidity when a constant-pressure preload is
applied to the same pair-mounted bearing as shown in
Fig. 6. 1.

Since the rigidity of the spring is negligible in this
case, the rigidity of the bearing is approximately equal
to that of a single bearing given a preload P.

Displacement in
axial direction

Displacement curve
of preloading spring

Displacement curve
T of beaﬁliqg A
I 5 v
San T i Axial load
Sa0 1

P

——

Fig. 6. 2 Preload diagram of
constant-pressure preloading

Comparison of axial rigidity of the position
preloading and the constant-pressure preloading is
shown in Fig. 6. 3.

Single bW

Constant-pressure
preloading

[
/ Position preloading

Fig. 6. 3 Comparison of axial rigidity

\

\

Deviation in
axial direction

External axial load
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6.2.4 Amount of preload

If the amount of preload to the bearing is increased,
the rigidity is improved.

However, as the load is applied to the bearing, the
life may become shorter and abnormal heat may be
generated, resulting in serious failure, including early
damage, seizure, etc.

Also, in case of position preloading, the amount of
preload varies depending on the mounting conditions,
including fitting of the bearing, the centrifugal force
generated during the operation and the temperature
rise.

6. 2. 5 Variation of position preloading due to
fitting and rotation

1) Preload in mounting the bearing

The angular contact ball bearing is shown as a
model in Fig. 6. 4a.

In case of the bearing for the main shaft of a
machine tool, for which the inner ring is usually
rotated, the interference fit is employed for the inner
ring, and the clearance fit is employed for the outer
ring. However, the diameter of the inner ring raceway
will expand due to interference, and the axial
clearance changes as shown in Fig. 6. 4b, resulting in
the increase in the amount of preload.

Furthermore, if the inner ring is tightened by the
shaft nut, etc., the width of the inner ring and the
spacer will shrink, resulting in increase in preload.

This is the preload generated when the bearing is
mounted.

2) Change of preload during rotation

During rotation, the preload is changed by
centrifugal force and temperature rise.

When rotating, the inner ring is affected by the
centrifugal force and the raceway expands. Due to this
expansion, the preload increases as shown in Fig.

6. 4c.

Influence of temperature rise is described below.

When rotating, the temperature of the bearing
increases and the components expand because of
rotation resistance, stirring resistance generated by
the lubricant, and other external factors.

The temperature increase of the inner ring and the
rolling elements is larger than that of the outer ring,
which radiates heat easily. Therefore, the internal
clearance changes because of the expansion as
shown in Fig. 6. 4d, and the preload is increased.

Also, the temperature difference is generated
between the outer ring and the housing, and the outer
ring becomes hotter than the housing, reducing the
clearance of the fitting surface of the outer ring. If the
clearance of the fitting surface of the outer ring is too
small, the fitting of the outer ring becomes interference
fitting because of the temperature difference, and the
internal clearance changes due to the shrinkage of the
raceway of the outer ring, increasing the preload as
shown in Fig. 6. 4e.

As a result, it is also important to take into
consideration the case where the housing cools off
excessively.
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Ao sjﬁ shaft

Fig. 6. 4a Bearing before mounting

S1Rt

6Ast &

Fig. 6. 4b Change of dimension due to inner ring interference

SIRC

6Asc OAst

Fig. 6.4c Change of dimension due to centrifugal expansion of inner ring raceway

aBte

8Aste

Fig. 6. 4d Change of dimension due to heat expansion

Cooling Housing

IRERRRRRRRRN]

6Aso

8As

Fig. 6. 4e Change of dimension due to shrinkage of outer ring raceway

-

Ay :initial stand-out value (The sum of the stand-out value of a pair of
bearings is the size of the clearance for which the preload is provided.)

T :interference of inner ring

dire : expansion of inner ring raceway due to inner ring interference

dast @ change of bearing stand-out value due to inner ring interference

dire : centrifugal expansion of inner ring raceway

dase @ change of bearing stand-out value due to centrifugal expansion of inner
ring raceway

dirie + heat expansion of inner ring raceway

doree : heat expansion of outer ring raceway

dgie : heat expansion of rolling element

daste : change of bearing stand-out value due to temperature rise of each
component

daso @ change of bearing stand-out value due to shrinkage of outer ring
raceway

das  total of change of stand-out value due to mounting conditions and
rotation J




6. 2. 6 Selecting preload and fitting

To maintain the initial performance of the bearing
and use it in stable condition, it is necessary to select
an ideal preloading method and preload amount
considering the use conditions as well as the mounting
conditions.

Especially, when using the bearing at high speed, it
is indispensable to select an ideal preload, taking into
consideration the preload change, the pressure
between the raceway and the rolling elements

generated by centrifugal force, and the factors which
cause spin slide of the angular contact ball bearing.

The standard preload amount of each bearing is
shown in the table of bearing dimensions. Also, the
interferences of the bearings for main shafts in
standard use condition are shown in Figs. 6. 2 and
6. 3 (page 25).

Consult JTEKT for detailed information about
preloads and fittings when using the bearings at high
speed with value dmn set at 80x10° or more or with a
heavy load of C,/P,<13.

Table 6. 2 Shaft fits (in the case of a rotating inner ring)

Tolerance class of bearing and fits
Shaft diameter P5 P4 . P2
Bearing type (mm) Tolerance class of shaft i Tolerance class of shaft .
over upto | ©F dimensional tolerance Target interference | or dimensional tolerance |  Target interference
2 of shaft diameter (um) of shaft diameter (um)
(um) (um)
s All shaft _ .
£ diameter is5 - is4 -
S
” 0 0
an 6 10 0~2 0~2
£ -4 -2.5
3 +1 0
2 10 18 ~2 ~2
= 4 0 3 0
o +1 +1
3| 18 30 0~2.5 0~2.5
3] -5 -3
Angular s
IS +1 +1
contact ball - 30 50 0~3.5 0~3.5
) S -6 -4
bearings =
© +2 +1
3 50 80 0~4 0~4
5 -6 -4
? +3 +2
3 80 120 0~4.5 0~4.5
[ -7 -4
[oX
o +4 +2
o 120 180 0~5 0~5
£ -8 -6
=
] +5 +3
E | 180 250 ~ ~
s 9 0~6 5 0~6
Cylindrical roller 25 40 js 4 — js3 -
bearings 40 140 k 4 — k3 —
(cylindrical bored 140 200 m5 — m 4 -
in inner ring) 200 400 nb5 — n4 _
Double-direction
angular contact
thrust ball bearings
High-speed
matched pair All shaft
. h5 — ha _
angular contact diameter
ball bearings
Support bearings
for precision ball
screws
Tapered roller 25 40 jsb —
bearings 40 140 k5 - -
(metric series) 140 200 mb —

[ Remark ]

Consult JTEKT for specific operating conditions (high-speed rotation, rotating outer ring, heavy load, etc.).
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Table 6. 3 Housing fits (in the case of a rotating inner ring)

Housing bore Bearing on fixed side Bearing on free side
diamtgater Tolerance class of bearing and fits Tolerance class of bearing and fits
Bearing type (i) P5 P4 . P2 P5 P4 . P2
over  upto Tolerance class | Target clearance | Tolerance class | Target clearance | Tolerance class | Target clearance | Tolerance class | Target clearance
P of housing bore (um) of housing bore (um) of housing bore (um) of housing bore (um)
] All housing
<} _ E— E— JR—
& | bore diameter JS5 sS4 HS H4
Housing bore (Bearing on fixed side) (Bearing on free side)
diamgter (Tolerance class of bearing and fits) (Tolerance class of bearing and fits)
28 P5 . P4 . P2 P5 . P4 . P2
c (mm)
E over upto Dimensional tolerance Target clearance Dimensional tolerance Target clearance
Q of housing bore (lm) (um) of housing bore (Lm) (um)
5 +9
g 18 30 +4.5 0~4 6~10
5 0
Qo +11
o 30 50 +5.5 0~4 7~11
Angular © 0
contact ball E +13
) ke 50 80 +6.5 0~5 8~13
bearings o 0
4 80 120 +7 0~5 +1d 10~1
s o - 0 ~15
© +18
% 120 180 +9 0~6 13~19
: 0
— +20
° 180 250 +10 0~7 17~24
= 0
Q +23
= 250 315 +11.5 0~7 22~29
< 0
+25
315 400 +12.5 0~8 0 26~33
Housing bore P5 P4 . P2 P5 P4 . P2
(Bearing type) d'&"ﬂf" Tolerance class | Target clearance | Tolerance class | Target clearance | Tolerance class | Target clearance | Tolerance class | Target clearance
over upto of housing bore (um) of housing bore (um) of housing bore (um) of housing bore (um)
Cylindrical roller
bearings K5 0 K4 0
Double-direction
angular contact
thrust ball bearings
High-speed All' housing bore K5 o K4 o
matched pair angular diameter
contact ball bearings
Support bearings for o .
precision ball screws H6 H6
Tapered roller
bearings K5 — J— H5 — —
(metric series)

[Remark] Consult JTEKT for specific operating conditions (high-speed rotation, outer ring rotation, heavy load, etc.).
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7. Limiting speeds of bearings

The rotational speed of a bearing is restricted chiefly Spindle bearings for machine tools are used in one
by temperature increases caused by frictional heat of 2-, 3-, or 4-row combinations.The limiting speed of a
generated within the bearing. When a speed limit is stack mounting bearing is lower than that of a single
reached, it becomes impossible to continue operation row bearing.
due to seizure and the like. The speed coefficients are shown in Table 7. 1. In

The permissible rotational speed of a bearing this table, the correlations between the preload
represents the value of limiting speed at which the amounts and the matching methods of the bearings
bearing can continue operation without cousing mounted to the shafts with position preloading are
seizure-generated temperatures. shown. Differences are made due to the heat radiation

Accordingly, the limiting speed differs with bearing and the variation in the preload amount of each
types, dimensions, accuracy, lubrication methods, bearing.
quality and quantity of lubricant, shape and material of Where a lubricant can efficiently remove the heat
cages, loading conditions (including amount of generated in the bearing, the limiting speed of a
preload), etc. bearing will be greater than those given in the bearing

The limiting speed for grease lubrication or oil dimension tables.

(oil/air) lubrication of bearings are given in their
dimension tables. If the rotational speed of a bearing exceeds 80% of

These values are the limiting speed that are the value listed in the bearing dimension tables,
applicable where a bearing of a standard design is careful consideration should be given to the amount of
operated under normal loading conditions (C./P,=13, preload, lubrication method, lubricant, distance
F./F.=approx. 0.2). between the bearings, etc. Consult JTEKT.

C: : basic dynamic load rating
P, : dynamic equivalent load
F : radial load

F, : axial load

Table 7. 1 Speed coefficients

Preload i ti
Matching method Prefix R ey
Preload S Preload L Preload M Preload H
@[ ﬁ DB 0.85 0.80 0.65 0.55
mm ﬁﬁ DBB 0.80 0.75 0.60 0.45
mm @ DBD 0.75 0.70 0.55 0.40

* The speed coefficients vary depending on the distance between the bearings.
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8. Lubrication

Lubrication is a critical issue for bearings, on which
their performance greatly depends.
The suitability of a lubricant and lubrication method
has great influence on the performance of a bearing.

Lubrication plays the following roles.

- Lubrication of each part of the bearing reduces wear
and friction.

- Removes heat in the bearing generated by friction
and other causes.

- Extends the service life of bearings by constantly
forming an adequate oil film on the rolling contact
surfaces.

- Rust prevention and dust proofing for bearings

Lubrication is very important for spindle bearings of
machine tools since such bearings require a low
temperature increase under high-speed operation.

Relationships between the quantity of lubricant and
power loss and between the quantity of lubricant and
the temperature increase of the bearing are shown in
Fig. 8. 1. Relationships between the viscosity of
lubricant and power loss and between the viscosity of
lubricant and the temperature increase of the bearing
are shown in Fig. 8. 2.

T

Temperature increase g

Power loss

Temperature
increase

>
=
S

Power loss |

A B Oil quantity
(large)

Fig. 8. 1 Relationships between lubricant quantity and

Fig.

e 30

power loss and between lubricant quantity
and the temperature increase of the bearing

(High)
§ Temperature increase,
o Power loss
o
£ ‘
g
S5 0
38
o
Qo
I
o O
2|

Viscosity (high)

8. 2 Relationships between viscosity of lubricant and
power loss and between viscosity of lubricant
and the temperature increase of the bearing

The quantity of lubricant needed to meet the low
temperature increase requirement lies in zone A where
the quantity of oil is small so the agitation loss is low,
and zone B in which a large quantity of oil transfers
heat from the bearing to the outside. Regarding the
viscosity of lubricant, those which are of relatively low
viscosity are suitable for meeting the above-mentioned
requirement.

Note, however, that an excessively small quantity of
oil or excessively low viscosity will not maintain a
suitable lubricant film during operation, and further
induce the chances of seizure.

For bearing lubrication methods, grease, oil/air, or
oil mist lubrication is recommended in zone A in Fig.
8. 1, and jet lubrication, in zone B.

Table 8. 1 shows a comparison of features for
various lubrication methods. It is important to select a
lubrication method and a lubricant to best suit to the
machine specifications.

Table 8. 1 Comparison of features
of different lubrication methods
O : advantageous
/\ : somewhat disadvantageous
X : disadvantageous

Lubrication | Grease | Oilair | Ol mist Jet
ltem lubrication | lubrication | lubrication | lubrication
Total cost O VAN VAN X
Temperature
increase of bearing A o A O
High-speed reliability X O VAN O
Power loss O O O X
Volume occupied
by lubricator O A a X
Environmental
contamination O o < -
Service life of
lubricant X o o O




8.1 Grease lubrication

Grease lubrication is most usually employed
because it requires no special lubricator and the use of
a relatively simple housing structure is sufficient.

However, to meet machine tool bearing
requirements (high-speed operation, low temperature
increase, and long service life of sealed grease), the
following should be taken into consideration.

8.1.1 Types of grease

In order to meet the low level temperature increase
requirement of a bearings during operation, a grease
low in base oil viscosity is suitable.

In general, grease NLGI 2 in consistency and
approximately 10-30 mm®/s in base oil viscosity is
often used for spindle bearings of machine tools. In
cases where bearings are subjected to high loads, a
grease with a base oil viscosity of approximately 100
mm’/s, and an extreme-pressure agent may be used
to secure lubricant film during operation.

Table 8. 2 shows grease for spindle bearings of
machine tools.

8. 1.2 Sealing device

For spindle bearings of machine tools, it is important
to use a reliable sealing device to prevent mixing of
coolant, chips, wear particle of drive belt, gear
lubricant, and so forth.

Where grease lubrication is adopted, contaminants
have a great influence on the service life of a bearing.

An example of sealing device for grease lubrication
is shown in Fig. 8. 3.

Fig. 8. 3 Example of sealing device for
grease lubrication (labyrinth seal)

Table 8. 2 Grease for spindle bearings of machine tools (representative examples)

. . Base oil viscosity .
Grease name Manufacturer Thickener Base oil mm?s (40C) Application
Beacon 325 Exxon Mobil Lithium Diester 12 High-speed
Maltemp PS 2 Kyodo oil Lithium Diester+mineral oil 14 operation,
Isoflex NBU 15 NOK kliber Barium complex | Diester+mineral oil 20 low temperature
Stabrags NBU 8 EP NOK klliber Barium complex | Mineral oil 105 High-load operation,
Alvania No. 2 Showa shell sekiyu | Lithium Mineral oil 130 wear resistance
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8. 2 Oil lubrication

8. 2.1 Oil/air lubrication

In this lubrication method, a small amount of oil of a
specified quantity is supplied intermittently to each
bearing by compressed air.

A schematic drawing of an oil/air lubrication system
is shown in Fig. 8. 5.

Air source
. . .. | Removes water, oil, and
Air cleaning unit contaminants.

o Operates a pump
I(L)Jg/r?(l:rator intermittently to supply
T a determinate quantity

of oil mixed with air.
|
Oil | Air
1
QOil/air |
lubricator
mixing valve

Qil/air

, |
ﬁ_l'
1

—
~

Fig. 8. 5 Oil/air lubrication system

Since oil/air lubrication has features as shown
below, it has become popular in many high-speed
spindle.

1. Compared with grease lubrication, oil/air lubrication
allows bearings to meet the low temperature increase
and high-speed operation requirements (see
Fig. 8. 6).

This lubrication method eliminates concerns about
the service life of lubricant as new oil is constantly
supplied to the bearings. Furthermore, compressed
air, which increases the pressure in the housing, is
effective in preventing contaminants.

2. Compared with oil mist lubrication, oil/air lubrication
is simple to adjust the quantity of oil with a high
degree of accuracy. This leads to a high reliability for
bearings during high-speed operation.

In addition, unlike oil mist lubrication, oil/air
lubrication is free from environmental contamination
and also reduces oil consumption.
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3. Compared with jet lubrication, oil/air lubrication
suppresses power losses of bearings (see Fig. 8. 7).
This feature saves space because a smaller drive
motor and cooling unit can be used.
The structure of the main shaft can also be simple
and compact.

Bearing dimensions : ¢70 X $110 X 20 mm
Position preloading

@

~
()

Grease lubrication
Isoflex NBU15 sealed within
10% of inner space

]
o

Qilfair lubrication
Oil equivalent to ISO VG10
0.03 mL/3min

Temperature increase of outer ring

O——H I | L I

0 5 10 15 . 20.
Rotational speed X 10° min™!

Fig. 8. 6 Comparison of the temperature increase
between oil/air lubrication and grease
lubrication

Bearing dimensions : 100 X ¢150 X 24 mm
kW Constant-pressure preloading

Jet lubrication

2 Oil equivalent to ISO VG2
L2 _| 23L/min
5 5
=
(o)
& Oil/air lubrication
Oil equivalent to ISO VG10
0 0.03 mL/3min
L 1 | I
0 10 15 20 25

3 .
Rotational speed 10° min!

Fig. 8. 7 Comparison of power loss between
oil/air lubrication and jet lubrication

In order to take advantage of oil/air lubrication
features, JTEKT has produced oil/air lubricators and
air cleaning units, of which we have special knowhow
and have shipped to many customers.

Consult JTEKT for the appliation of the oil/air
lubrication systems.

For details of the oil/air lubricator and air cleaning
unit, see "II. Oil/Air Lubrication System."

Refer to Table 9. 4 on page 36 for information
about the dimensions of the spacers for oil/air
lubrication.

Refer to Supplementary table 6 on page 219 for
information about the blow intervals of the oil/air.



8. 2. 2 Oil mist lubrication

Similar to oil/air lubrication, oil mist lubrication
supplies a small quantity of oil to each bearing by
compressed air.

Fig. 8. 8 shows an oil mist lubrication system.

Air source

Air dleani Removes water, oil,
'r.tc SN, ? contaminants, and
S} controls air pressure.

Oil mist
generator

Generates oil mist
(dry mist).

\ * )
- Nozzle converts dry
mist into wet mist.
| {
Y‘ \

Fig. 8. 8 Oil mist lubrication system

The cost of oil mist lubrication is relatively low. The
high-speed performance attained by this method is
better than by grease lubrication.

To obtain maximum performance from this method,
due consideration should be given to the following.

1. Oil quantity settings

The quantity of oil is set by the rate at which the oil
mist generator produces oil drops. Since the rate of oil
turned to mist depends on the type of oil, air pressure,
flow rate, etc., it is important to determine the amount
of oil drops required after the characteristics of the
whole system have been sufficiently understood.

2. Distribution of mist to several bearings

In general, a single oil mist generator is used to
distribute the mist to several bearings.

Each bearing should be checked to see if it is
supplied with an adequate quantity of oil.

3. Installation of suitable nozzle(s)

The nozzle converts dry mist into wet mist suitable
for lubrication of bearings and supplies mist to the
inside of bearings.

For reliable operation, the nozzle design should be
given sufficient consideration.

A well-designed nozzle reduces the quantity of oil so
that contamination by oil mist will also be reduced.

8. 2. 3 Jet lubrication

Jet lubrication is a method in which a large quantity
of lubricant is injected at a high velocities through the
bearing side to lubricate and cool the bearing
simultaneously.

Fig. 8. 9 shows a jet lubrication system.

Heat exchanger, oil tank ‘

Flow control
valve

i

Fig. 8. 9 Jet lubrication system

Owing to its high reliability for high-speed operation,
the jet lubrication is often applied to such bearings
designed for high-speed and high-temperature
operation, for example, gas turbine engines. Also, jet
lubrication is sometimes employed for the high-speed
spindles of machine tools. If this is the case, give due
consideration to the following points.

1. Use oil of extremely low viscosity of approximately
2 mm’/s to restrain power loss and temperature
increase.

2. To improve cooling efficiency, set the velocity of the
lubricant ejected from the nozzle to at least 20% of
the peripheral speed of the outer surface of the inner
ring, thereby allowing more oil to pass through the
bearing.

Installing several nozzles on the circumference for
a larger quantity of oil is also effective to some
degree.

3. A pump or similar device should be used to
discharge oil smoothly. For this reason, the
discharge port should be as large as possible to
ensure a smooth discharge of oil.

After discharge, the lubricant should be cooled with
a heat exchanger of adequate capacity in order to
minimize temperature changes.

It is also essential to maintain clean lubricant by
installing an appropriate filter, ensuring an airtight oil
tank, and so forth.

33

Koyo mmmm




_ I. Precision Ball & Roller Bearings

9. Designing peripheral parts of bearings

9.1 Tolerances of shafts and housings

When the inner and outer rings of a bearing are
mounted on a shaft and a housing with a certain
interference, the shapes of the shaft and housing tend
to influence the raceway surface of the bearing leading
to a change in running accuracy.

Therefore, shafts and housings need to be finished

to maximum possible precision.

Recommended values for tolerances and surface
roughness of shafts and housings are shown in
Tables 9. 1 and 9. 2.

Refer to "IlI. Handling of Bearings" for details
about handling and mounting of the bearings.

Table 9.1 Tolerances and g i
surface roughness \ : R 5]
of shafts Ra - L
gda —~1 [ j-gssz
I©|¢ta/30<>;—| E/I ts_|ng] gt
|4|t2 |B Olt | Unit : um
Roundness(() | Cylindricity(<) ) | Inclination(2) | Deflection( ) | Coaxiality(©) Roughness
Shaft diameter
() t t1 to t3 ta R.
Tolerance class of bearing | Tolerance class of bearing | Tolerance class of bearing | Tolerance class of bearing | Tolerance class of bearing | Tolerance class of bearing
over up to P5 P4 - P2 P5 P4 - P2 P4 - P2 P5 ‘ P4 - P2 P5 P4 - P2 P5 P4 - P2
18 30 2 1.2 2 1.2 2 4 9 6 0.2 0.1
30 50 2 1.2 2 1.2 2 4 11 7 0.2 0.1
50 80 2.5 1.5 2.5 1.5 2.5 5 13 8 0.2 0.1
80 120 3 2 3 2 3 6 15 10 0.4 0.2
120 180 4 2.5 4 2.5 4 8 18 12 0.4 0.2
180 250 5 3.5 5 3.5 5 10 20 14 0.4 0.2
250 315 6 4 6 4 6 12 23 16 0.4 0.2
315 400 6.5 4.5 6.5 4.5 6.5 13 25 18 0.4 0.2

[Remarks] 1. Tolerances, symbols, and reference planes for shafts comply with ISO/R1101.
2. When determining the tolerance in relation to the permissible accuracy of shapes, the shaft diameters da and dg are used as
reference dimensions.

Table 9. 2 Tolerances and IE;V 2 —
surface roughness
of housings [
¢Dx - - - ¢Dp
Olt Ra Ra | [OTz
ot / WY | v]oln
©|$t/300 | B L|© $4/300| A
Unit : pm
Roundness(()) | Cylindricity(© ) Deflection( ) Coaxiality(©) Roughness
Housing bore diameter
(i) t t1 ts ta Ra

Tolerance class of bearing | Tolerance class of bearing | Tolerance class of bearing | Tolerance class of bearing | Tolerance class of bearing

over up to P5 |P4-P2| P5 |Pa-P2| P5 |P4-P2| P5 |[P4-P2| P5 |P4-P2
18 30 2 1.2 2 1.2 4 9 6 0.3 0.1
30 50 2 1.2 2 1.2 4 11 7 0.3 0.1
50 80 2.5 1.5 2.5 1.5 5 13 8 0.4 0.2
80 120 3 2 3 2 6 15 10 0.8 0.4
120 180 4 2.5 4 2.5 8 18 12 0.8 0.4
180 250 5 3.5 5 3.5 10 20 14 0.8 0.4
250 315 6 4 6 4 12 23 16 1.6 0.8
315 400 6.5 4.5 6.5 4.5 13 25 18 1.6 0.8
400 500 7.5 5 7.5 5 15 27 20 1.6 0.8
500 630 8 5.5 8 5.5 16 30 22 1.6 0.8

[Remarks] 1. Tolerances, symbols, and reference planes for housings comply with ISO/R1101.
2. When determining the tolerance in relation to the permissible accuracy of shapes, the housing bore diameters D and Dy are used
as reference dimensions.
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9. 2 Limits of chamfer dimensions and fillet radii of shafts and housings

r(max.) or ry(max.)
| +—|

r : dimension for chamfering inner and outer rings
r, : dimension for chamfering the front and the likes of the inner and outer rings

_ (Axial direction)
2? r(min.) or
=z E £ r1(min.) | Bore or outside
© S surface of bearing
S
=
~
=
o
% .
g ~— r(min.) or
T $§ & ri(min.)
g 522
S @@= 2
—_ QO o
T 32
E o 3 2
T 558

[ Remark ]

Koyo s

An imaginary arc with a radius of » (min) is defined

as being tangent to both the side face of the inner ring
(cone) and the bore surface of the bearing; or to both

the side face of outer ring (cup) and the outside

surface of the bearing. Although an exact shape is not

specified for chamfered surfaces, the outline in the

axial plane shall not extend beyond the imaginary arc.

Table 9. 3 Limits of chamfer dimensions and fillet radii of shafts and housings

(1) Radial bearings (not applicable to tapered roller bearings)

(2) Metric tapered roller bearings

Unit : mm Unit : mm
Minimum Nominal bore | Maximum permissible (Refer.) Minimum Nominal bore 1 | Maximum permissible (Refer.)
permissible chamfer | diameter of chafr(r)\:?rr"(]iérrn:lr:glon Fillet radius of permissible chamfer | or nominal outside Chafg':?ﬁgé?‘:ﬂgmn Fillet radius of
dimension bearing outer rings shaft or housing dimension diameter of bearing outer rings shaft or housing
BT IE 2 d (mm) | r(max.) or ri(max.) Pa forinnerand | 7oy D(mm) | r(max.) or r1(max.) a
outer rings - — outer rings - !
r(min.) or ra(min.) | over | upto | giaction | diraeiion max. r(min.) or ra(min.) | over | upto | aracion | dirbatien max.
0.05 — — 0.1 0.2 0.05 — 40 0.7 1.4
0.3 0.3
0.08 — — 0.16 0.3 0.08 40 — 0.9 1.6
0.1 — — 0.2 0.4 0.1 — 40 1.1 1.7
0.6 0.6
0.15 — — 0.3 0.6 0.15 40 — 1.3 2
0.2 - - 0.5 0.8 0.2 1 — 50 1.6 2.5 1
03 — 40 0.6 1 0.3 50 — 1.9 3
' 40 — 0.8 1 ' — 120 2.3 3
— 40 1 2 1.5 120 250 2.8 3.5 1.5
0.6 0.6
40 — 1.3 2 250 — 3.5 4
1 — 50 1.5 3 1 — 120 2.8 4
50 — 1.9 3 2 120 250 3.5 4.5 2
11 - 120 2 3.5 1 250 — 4 5
' 120 - 2.5 4 — 120 3.5 5
15 — 120 2.3 4 15 2.5 120 250 4 5.5 2
’ 120 — 3 5 ' 250 — 4.5 6
— 80 3 4.5 — 120 4 5.5
2 80 220 3.5 5 2 3 120 250 4.5 6.5 5
220 — 3.8 6 250 400 5 7 '
21 — 280 4 6.5 5 400 — 5.5 7.5
' 280 - 4.5 7 — 120 5 7
— 100 3.8 6 4 120 250 5.5 7.5 3
2.5 100 280 4.5 6 2 250 400 6 8
280 — 5 7 400 — 6.5 8.5
— 280 5 8 — 180 6.5 8
3 2.5 5 4
280 - 5.5 8 180 — 7.5 9
4 — - 6.5 9 3 6 — 180 7.5 10 5
5 - - 8 10 4 180 — 9 11
6 — — 10 13 5 7.5 — — 12.5 17 6
7.5 — — 12.5 17 6 9.5 — — 15 19 8
9.5 — — 15 19 8 [ Notes ] 1) Innerrings are classified by d, outer rings, by D.
12 o o 18 24 10 2) Values in italics comply with JTEKT standards.
15 - - 21 30 12
19 — - 25 38 15

[Note] 1) Forbearings 2mm or less in nominal width, the value of
r (max.) in the axial direction shall be the same as that in the
radial direction.
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_ I. Precision Ball & Roller Bearings

9. 3 Spacers for oil/air lubrication

The dimensions of the spacers for oil/air lubrication
are shown in Table 9. 4.

Table 9. 4(1) Dimensions of the spacers for oil/air lubrication
Angular contact ball bearings

7000 series
7200 series
7900 series

¢F ¢E $A$D ¢B 4C

Unit : mm

gore | Nominal 7000 series 7200 series 7900 series

dia.No.| bore dia. | A B © D E F A B © D E F A B C D E F
00 10 | 15.2| 20.7| 235] 18.0| 11.5| 125] 18.2| 23.5| 26.3| 20.9| 145| 155| 14.7| 181| 20.9| 16.4| 11.0| 12.0
01 12 | 184 238| 26.6| 21.1| 14.7| 15.7| 19.0| 259| 28.7| 225| 15.3| 16.3| 16.7| 20.1| 22.9| 18.4| 13.0| 14.0
02 15 | 21.3| 26.7| 295| 24.0| 17.6| 186| 228| 29.4| 32.2| 26.1| 19.1| 20.1| 19.7| 24.0| 26.8| 21.9| 16.0| 17.0
03 17 | 246| 298| 32.6| 27.2| 209| 21.9| 25.8| 33.4| 36.2| 29.6| 22.1| 23.1| 21.7| 26.0| 28.8| 23.9| 18.0| 19.0
04 20 | 285] 35.8| 38.6| 32.2| 24.8| 25.8| 30.5| 39.6| 42.4| 35.1| 26.8| 27.8| 26.2| 31.8| 34.6| 29.0| 22.5| 235
05 25 | 33.0| 40.2| 43.0] 36.6] 29.3] 30.3| 35.3| 44.1| 46.9| 39.7| 31.6| 32.6| 32.0| 37.3| 40.1| 34.7| 28.3| 29.3
06 30 | 39.0| 47.1| 49.9| 43.1| 35.3| 36.3| 41.7| 52.7| 55.5| 47.2| 38.0| 39.0| 36.3| 41.7| 445| 39.0| 32.6| 33.6
07 35 | 45.0| 54.0| 56.8| 49.5| 41.3| 42.3| 48.3| 61.3| 64.1| 54.8| 44.6| 456| 41.7| 48.4| 51.2| 45.1| 38.0| 39.0
08 40 | 50.5| 59.3| 62.1| 54.9| 46.8| 47.8| 53.2| 67.0| 69.8| 60.1| 49.5| 50.5| 47.9| 54.8| 57.6| bl.4| 44.2| 452
09 45 | 55.4| 65.4| 68.2| 60.4| 51.7| 52.7| 56.8| 71.7| 74.5| 64.3| 53.1| 54.1| 53.2| 60.9| 63.7| 57.1| 49.5| 50.5
10 50 | 60.9| 70.9| 73.9| 65.9| 57.0| 58.0| 63.5| 78.1| 81.1| 70.8| 59.6| 60.6| 57.7| 65.3| 68.1| 61.5| 54.0| 55.0
11 55 | 66.8| 78.7| 81.7| 72.8| 62.9| 63.9| 70.7| 87.6| 90.6| 79.2| 66.8| 67.8| 64.1| 72.1| 749| 68.1| 60.2| 61.2
12 60 | 71.9| 83.9| 86.9| 77.9| 68.0| 69.0| 77.7| 96.6| 99.6| 87.2| 73.8| 74.8| 68.8| 77.5| 80.5| 73.2| 64.9| 65.9
13 65 | 77.2| 89.0| 92.0| 83.1| 73.3| 74.3| 82.4{102.5|105.5| 92.5| 785| 79.5| 73.8| 82.1| 85.1| 78.0| 69.9| 70.9
14 70 | 83.3] 97.2/100.2| 90.3| 79.4| 80.4| 87.21108.0{111.0| 97.6| 83.3| 84.3| 80.8| 90.4| 93.4| 85.6| 76.9| 77.9
15 75 | 88.3/102.1]105.1| 95.2| 84.4| 85.4| 91.7|113.5|116.5{102.6| 87.8| 88.8| 85.6| 95.0| 98.0| 90.3| 81.7| 82.7
16 80 | 94.7|110.5|113.5(102.6| 90.8| 91.8| 98.7|121.5|124.5/110.1| 94.8| 95.8| 92.3/100.3/103.3| 96.3| 88.4| 89.4
17 85 |100.8/116.5[119.5/108.7| 96.9| 97.9/105.21130.0|133.0/117.6{101.3|102.3|101.1|108.7|111.7|104.9| 97.2| 98.2
18 90 |106.1{123.8]126.8|115.0{102.2(103.2|111.7]138.5|141.5/125.1{107.8(108.8|104.2|113.7|116.7|109.0{100.3|101.3
19 95 |119.6]130.7]133.7|125.2|115.7(116.7|118.3/146.9]149.9|132.6|114.4|115.4/107.0|{118.4{121.4|112.7|103.1|104.1
20 | 100 [121.0|132.4|135.4|126.7|117.1|118.1]125.8|156.4|159.4|141.1|121.9|/122.9|112.9/127.3|130.3{120.1{109.0|110.0
21 | 105 |125.1(144.2|147.2(134.7(121.2(122.2|144.6|165.4|168.4|155.0|140.7|141.7|120.7|132.4|135.4|126.6|116.8|117.8
22 | 110 |129.7|151.0(154.0(140.4]125.8(126.8|150.7|171.8|174.6|161.3|146.8|147.8|123.2|137.3|140.3|130.3|119.3|120.3
24 | 120 |138.5(161.0(164.0(149.8|134.6(135.6(163.3]186.7|189.7|175.0{159.4|160.4|137.5150.7|153.7|144.1|133.6|134.6
26 | 130 [153.5|177.0/180.0|165.3|149.6|150.6|174.7/199.4|202.4|187.1|170.8|171.8|149.4|164.2|167.2|156.8|145.5|146.5
28 | 140 [171.7|187.1/190.1]179.4|167.8|168.8(178.1|214.7|217.7|196.4|174.2|175.2|159.4|174.2|177.2|166.8|155.5|156.5
30| 150 [174.8/200.5|203.5|187.7|170.9|171.9]191.4|231.7|234.7|211.6|187.5|188.5|170.6|191.2|194.2(180.9|166.7|167.7
32| 160 [188.2|213.7|216.7|201.0|184.3|185.3|207.4|245.7|248.7|226.6|203.5|204.5|180.7|201.2|204.2(191.0|176.8|177.8
34| 170 |201.7(231.0(234.0(216.4]197.8]198.8|220.8|262.6|265.6|241.7|216.9|217.9|190.7|211.2|214.2|201.0|186.8|187.8
36 | 180 |215.0(247.8]250.8(231.4(211.1{212.1]229.0|274.5|277.5|251.8|225.1|226.1|204.1|228.1|231.1|216.1|200.2{201.2
38 | 190 |225.1(257.9(260.9(241.5(221.2(222.2|244.1|289.5|292.5|266.8|240.2|241.2|214.1|238.1|241.1|226.1|210.2|211.2
40 | 200 |238.5|274.8|277.8|256.7|234.6|235.6|257.3|306.3/309.3|281.8|253.4|254.4|227.5|255.0|258.0|241.3|223.6|224.6

* Commonly used in contact angles of 15° and 30°.
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Table 9. 4(2) Dimensions of the spacers for oil/air lubrication
Angular contact ball bearings

HAROOO series
HAR900 series

|
¢F $E $A ¢D ¢B ¢C

Unit : mm
Bore | Nominal HAR000, 3NCHAROQO series HAR900, 3NCHAR900 series
dia.No.| bore dia. | A B (5 D E E A B (o D E F
06 30 | 39.7| 45.9| 48.7| 428| 36.0| 370 — | — | — | — | — | —
07 35 | 45.6| 51.9| 54.7| 488| 419| 429| — | — | — | — | — | —
08 40 51.4| 57.4| 60.2| 54.4| 47.7| 48.7| 49.1| 53.7| 56.5| b5l.4| 454| 46.4
09 45 | 57.0| 63.6| 66.4| 60.3| 53.3| 54.3| 54.6| 59.2| 62.0| 56.9| 50.9| 51.9
10 50 | 62.5| 68.6| 71.6| 65.6| 58.6| 59.6| 58.8| 64.1| 66.9| 61.5| 55.1| 56.1
11 55 | 69.7| 76.6| 79.6| 73.2| 65.8| 66.8| 65.3| 70.6| 73.6| 68.0| 61.4| 62.4
12 60 | 74.7| 81.6| 84.6| 78.2| 70.8| 71.8| 70.3| 75.6| 78.6| 73.0| 66.4| 67.4
13 65 | 79.4| 86.6| 89.6| 83.0| 75.5| 76.5| 75.1| 80.9| 83.9| 78.0| 71.2| 72.2
14 70 | 86.2| 95.0| 98.0| 90.6| 82.3| 83.3| 82.6| 83.6| 91.6| 85.6| 78.7| 79.7
15 75 | 91.2| 99.9]1029| 95.6| 87.3| 88.3| 88.5| 93.6] 96.6| 91.1| 84.6| 85.6
16 80 | 98.1/107.9]110.9/103.0| 94.2| 95.2| 93.5| 98.6|101.6| 96.1| 89.6| 90.6
17 85 [104.0/112.9|115.9]/108.5(100.1{101.1{100.7|{106.5{109.5{103.6| 96.8| 97.8
18 90 [110.7]121.4|124.4]116.1|106.8{107.8{104.7|{111.5{114.5{108.1{100.8|101.8
19 95 [115.7]126.4(129.4]121.1|111.8|112.8|110.7|116.5{119.5{113.6|106.8|107.8
20 | 100 [119.4[131.3|134.3/125.4|115.5|116.5|116.4|124.9|127.9120.7|112.5|113.5
21 | 105 |127.6/139.1|142.1|133.4(123.7|124.71122.6|129.9]132.9|126.3|118.7|119.7
22 | 110 |136.5/147.3|150.3|141.9(132.6|133.6|127.6|134.9]137.9|131.3|123.7|124.7
24 | 120 [146.5[157.3|160.3/151.9|142.6|143.6|139.9|147.9|150.9|143.9|/136.0|137.0
26 | 130 [160.7[173.7|176.7|167.2|156.8|157.8|152.2|160.9|163.9|156.6|148.3|149.3
28 | 140 [170.7[183.7|186.7|177.2|166.8|167.8|162.2{170.9|173.9|166.6|158.3|159.3
30| 150 [182.7[197.2|200.2(190.0|/178.8/179.8|176.5|187.3|190.3|181.9(/172.6|173.6
32| 160 [195.1]210.2|213.2|202.7|191.2|192.2|186.5|197.3|200.3/191.9|182.6|183.6
34| 170 [209.6(226.1|229.1|217.9|205.7|206.7|196.5|207.3|210.3|201.9{/192.6|193.6

* Commonly used in contact angles of 15°, 20° and 30°.
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_ I. Precision Ball & Roller Bearings

Table 9. 4(3) Dimensions of the spacers for oil/air lubrication
Angular contact ball bearings

3NCHACO0OQO series
3NCHAC900 series r
¢F ¢E $A 4D ¢B ¢C
Unit : mm
gore | Nominal 3NCHACO00 series 3NCHAC900 series

daNo. | bore dia. | A B C D E F A B C D E F

00 10 | 15.7| 20.7| 235| 18.2| 12.0| 13.0| 15.0| 181| 20.9| 16.6| 11.3| 123
01 12 | 18.8| 23.8| 26.6| 21.3| 15.1| 16.1| 16.7| 20.1| 22.9| 184| 13.0| 14.0
02 15 | 21.8| 26.7| 29.5| 24.3| 18.1| 19.1| 20.0| 24.0| 26.8| 22.0| 16.3| 17.3
03 17 | 25.1| 29.8| 32.6| 275| 21.4| 22.4| 22.3| 26.0| 28.8| 24.2| 186| 19.6
04 20 | 29.1| 35.8| 386| 325| 25.4| 26.4| 26.6| 31.8| 346| 29.2| 229| 23.9
05 25 | 33.6| 40.2| 43.0| 36.9| 29.9| 30.9| 32.4| 37.3| 40.1| 349| 28.7| 29.7
06 30 | 39.7| 47.1| 49.9| 43.4| 36.0| 37.0| 36.8| 41.7| 44.5| 39.3| 33.1| 341
07 35 | 45.8| 54.0| 56.8| 49.9| 42.1| 43.1| 42.2| 48.4| 51.2| 45.3] 385| 395
08 40 | 51.2| 59.3] 62.1| 55.3| 47.5| 48.5| 48.5| 54.8| 57.6| 51.7| 44.8| 45.8
09 45 | 56.2| 65.4| 68.2| 60.8| 52.5| 53.5| 53.8| 60.9| 63.7| 57.4| 50.1| 51.1
10 50 | 61.7| 70.9| 73.9| 66.3| 57.8| 58.8| 58.2| 65.3| 68.1| 61.8| 54.5| 555
11 55 | 67.7| 78.7| 81.7| 73.2| 63.8| 64.8| 64.7| 72.1| 749| 68.4| 61.0| 62.0
12 60 | 72.8| 839| 86.9| 78.4| 689| 69.9| 69.5| 77.5| 80.5| 73.5| 65.6| 66.6
13 65 | 78.1| 89.0| 92.0| 83.6| 74.2| 75.2| 741| 82.1| 85.1| 781| 70.2| 71.2
14 70 | 84.4| 97.2|100.2| 90.8| 80.5| 81.5| 81.6| 90.4| 93.4| 86.0| 77.7| 78.7
15 75 | 89.4]102.1|105.1| 95.8| 85.5| 86.5| 86.4| 95.0| 98.0| 90.7| 82.5| 83.5
16 80 | 96.0/110.5113.5(103.3| 92.1| 93.1| 91.5/100.3|103.3| 95.9| 87.6| 88.6
17 85 |102.0/116.5]/119.5/109.3| 98.1| 99.1]/100.0/108.4|111.4|104.2| 96.1| 97.1
18 90 |107.5|123.8|126.8|115.7|103.6|104.6(103.2|113.7|116.7|108.5| 99.3/100.3
19 95 |119.6]130.7|133.7|125.2|115.7|116.7|107.9|118.4|121.4|113.2|104.0|105.0
20 | 100 |117.8|134.0/137.01125.9|113.9|114.9|114.0/127.3|130.3|120.7|110.1|111.1
21 | 105 |126.7|144.2|147.21135.5|122.8|123.8|121.8|132.3|135.3|127.1|117.9|118.9
22 | 110 |131.4|151.0/154.0|141.2|127.5|128.5|124.3|137.3|140.3|130.8|120.4|121.4
24 | 120 |140.2|161.0|164.0/150.6|136.3|137.3|138.9|150.8|153.8|144.9|135.0|136.0
26 | 130 |155.4|177.0{180.0|166.2|151.5|152.5/151.2|164.5|167.5|157.9|147.3|148.3
28 | 140 |169.7|187.1|190.1|178.4]165.8|166.8|157.8|174.3|177.3|166.1|153.9|154.9
30| 150 |177.5/200.5/203.5]189.0|173.6|174.6|171.8|191.2|194.2|181.5|167.9|168.9
32| 160 |193.8|214.0/217.01203.9/189.9(190.9|185.0/201.2|204.2|193.1|181.1|182.1
34| 170 |207.8|230.7|233.7|219.3|203.9/204.9/195.0|211.2|214.2|203.1|191.1|192.1

* Commonly used in contact angles of 15° and 20°.
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Table 9. 4(4) Dimensions of the spacers for oil/air lubrication
Angular contact ball bearings

3NCHADOOO series

Bore | Nominal 3NCHADOOO series

dia.No. | bore dia. | A B c D E F
07 35 | 41.3] 51.9] 54.7| 43.3| 39.1| 39.7
08 40 | 46.4| 57.4| 60.2| 48.6| 44.2| 44.8
09 45 52.2| 63.6| 66.4| 54.4| 49.6| 50.2

Unit : mm

Koyo s

10 50 | 57.2| 68.6| 71.6| 59.4| 54.6| 55.2 ! 1

11 55 | 63.8] 76.6| 79.6| 66.3| 61.0| 61.6 E

12 60 | 68.8| 81.6| 84.6| 71.3| 66.0| 66.6

1

L

14| 70 | 796| 950| 98.0| 824 76.8| 77.4

hs

13| 65 | 738| 86.6| 89.6 76.3| 71.0| 716 ey

0.3

15 75 | 84.6| 99.9|1029| 87.4| 81.8| 824
16 80 | 91.7/107.9|110.9| 94.4| 87.9| 89.5

17 85 | 96.7|112.9|1159| 99.4| 92.9| 945
18 90 [101.9|121.4|124.4|105.2| 98.1| 99.7
19 95 |106.9|126.41129.4|110.2{103.1|104.7
20 | 100 |112.7|131.3|134.3|115.6|107.5/109.7
21 | 105 |119.3|139.1|142.1|122.4|114.1]116.3
22 | 110 |125.6|147.3/150.31129.0(120.4|122.6
24 | 120 |135.6/157.31160.31139.0/130.4]132.6
26 | 130 |148.4|173.7|176.7|152.1|141.6|1454
Table 9. 4(5) Dimensions of the spacers for oil/air lubrication
Angular contact ball bearings
Unit : mm
Bore | Nominal 3NCHAF000 series 3NCHAF900 series

daNo boredia.| A B C D E F A B C D E F
06 30 | 38.0| 44.4| 472 412 343| 353| — | — | — | — | — | —
07 35 | 44.0| 50.4| 53.2| 472| 403| 413 — | — | — | — | — | —

08 40 | 49.1| 55.4| 58.2| 52.3| 45.4| 46.4| 47.2| 52.2| 55.0| 49.7| 435| 445

09 45 | 549| 61.6| 64.4| 583| 51.2| 52.2| 52.7| 57.7| 60.5| 55.2| 49.0| 50.0
10 50 | 59.9| 66.6| 69.4| 63.3| 56.2| 57.2| 57.2| 63.1| 65.9| 60.2| 53.5| 54.5
11 55 | 66.5| 74.1| 77.1| 70.3| 62.6| 63.6 63.2| 69.1| 72.1| 66.2| 59.3| 60.3
12 60 | 71.5] 79.1| 821| 75.3| 67.6| 68.6| 68.2| 74.1| 77.1| 71.2| 64.3| 65.3

4A 4D ¢B 4C

13 65 | 76.4| 83.8| 86.8| 80.1| 725| 73.5| 73.0| 79.4| 82.4| 76.2| 69.1| 70.1
14 70 | 825| 92.0| 95.0| 87.3| 78.6| 79.6| 79.9| 86.6| 89.6| 83.3| 76.0| 77.0
15 75 | 87.5| 97.0/100.0| 92.3| 83.6| 84.6| 84.9| 91.6| 94.6| 88.3| 81.0| 82.0
16 80 | 94.0/104.41107.4| 99.2| 90.1| 91.1| 89.9] 96.6| 99.6| 93.3| 86.0| 87.0
17 85 | 99.0/109.4|112.4|104.2| 95.1| 96.1| 95.9/103.5|1065| 99.7| 92.0| 93.0| #* ¢E
18 90 |105.1117.4|120.4|111.3|101.2|102.2{100.9|108.5|111.5|104.7| 97.0| 98.0
19 95 |110.1122.4|125.4|116.3|106.2|107.2/105.9|113.5|116.5|109.7|102.0|103.0
20 | 100 |115.1/127.4/130.4|121.3|111.2|112.2|111.9|121.4|124.4|116.7|108.0{109.0
21 | 105 |121.7|134.8|137.8|128.3|117.8|118.8|116.9(126.4{129.4|121.7|113.0|114.0
22 | 110 |128.3|142.3|145.3|135.3|124.41125.41121.9|131.4|134.4/126.7|118.0|119.0
24| 120 | — | — | — | — | — | — |133.0/143.4|146.4]|138.21129.1|130.1
26| 130 | — | — | — | — | — | — |144.6|155.9]158.9|150.3|140.7|141.7

$A ¢D ¢B ¢C
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Table 9. 4(6) Dimensions of the spacers for oil/air lubrication
Cylindrical Roller bearings

?
¢F JE $A ¢D ¢B ¢C

Unit : mm
Bore | Nominal NN3000 series N1000, 3NCN1000 series
dia.No. | bore dia. | A B © D E F A B @ D E F
05 25 | 349]| 40.7| 40.7| 37.8] 31.9| 329| — — — — — —
06 30 | 40.6| 47.4] 47.9| 44.0| 37.5| 385| 43.5| 47.3| 48.6| 45.4| 37.5| 385
07 35 | 47.4| 53.9| 54.6| 50.7| 44.0| 45.0| 49.8| 53.7| 55.2| 51.8| 44.0| 45.0
08 40 | 53.6| 60.0| 60.6| 56.8| 50.0| 51.0| 56.8| 60.0| 61.4| 58.4| 50.0| 51.0
09 45 | 585| 66.2| 67.1| 62.4| 545| 55.5| 61.6| 67.2| 68.8| 64.4| 535| 54.5
10 50 | 63.4| 71.1| 72.1| 67.3| 59.5| 60.5| 65.6| 71.2| 72.8| 68.4| 57.5| 58.5
11 55 | 70.5| 79.5| 80.8| 75.0| 66.0| 67.0| 74.6| 79.7| 81.6| 77.2| 66.0| 67.0
12 60 | 75.5| 84.5| 85.9| 80.0| 71.1| 72.1| 79.7| 84.8| 86.6| 82.3| 71.1| 72.1
13 65 | 80.5| 89.5| 91.0| 85.0| 76.0| 77.0| 84.2| 89.2| 91.1| 86.7| 75.5| 76.5
14 70 | 88.2| 98.2|100.0| 93.2| 83.0| 84.0| 92.7| 98.5|100.8| 95.6| 83.0| 84.0
15 75 | 93.2]103.3|105.0| 98.3| 88.0| 89.0| 97.7|103.5|105.8|100.6| 88.0| 89.0
16 80 |100.0{110.8]113.0/105.4| 94.0| 95.0/104.8|111.4]113.9/108.1| 94.0| 95.0
17 85 |105.0(115.8]118.0/110.4| 99.0(/100.0/109.8|116.4|118.8|113.1| 99.0|100.0
18 90 |112.6]1245]127.0/118.6|106.0(107.0|117.8]125.2|128.1|121.5{106.0|107.0
19 95 |117.5/129.5]132.0/1123.5{111.0(112.0/122.8|130.2|132.8|126.5{111.0{112.0
20 | 100 [122.5|134.5(137.0/1285|116.0{117.0(125.3|135.5|/139.8|130.4|114.0{115.0
21 | 105 |128.3|143.0(146.4]135.7|121.4|122.4|131.8|142.5|147.5]137.2/119.9{120.9
22 | 110 [136.4|152.0|155.2|144.2|128.4|129.4|141.3|151.5|156.0|146.4|128.4|129.4
24 | 120 |146.4|162.0]165.2|154.2|138.4|139.4|149.6|162.3|167.8|156.0|136.4|137.4
26 | 130 [160.4|178.5|182.6]169.5|151.4|152.4|166.5|179.3|183.8|172.9|149.4|150.4
28 | 140 [170.5|188.5/192.8179.5|161.4|162.4|174.4| 187|193.8|180.7|159.4|160.4
30| 150 [183.2|202.4|206.8192.8|173.4|174.4|187.3| 202|209.3|194.7/170.9{171.9
32| 160 [192.9|214.01219.8]203.5/182.4|183.4(201.7|218.5|223.8210.1|181.4|182.4
34| 170 |207.21230.0(237.0(218.6|195.4|196.4| — — — — — —
36 | 180 |[221.6|248.3|256.2|235.0/208.4|209.4| — — — — — —
38 | 190 [229.5|259.0|266.2|244.3|216.4|217.4| — — — — — —
40 | 200 |248.0]276.0/283.4(262.0(233.4|234.4| — — — — — —
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10. High Ability angular contact ball bearings

High Ability angular contact ball bearings are
optimized for use on machine-tool spindles. They
excel in high-speed performance and rapid
acceleration/deceleration, and are especially superior

10.1 Types and applications

High Ability angular contact bearings are available in
the varieties listed in Table 10. 1, all of which differ in
structure and rolling-element material.

Select the type that is best suited for the application.

Table 10. 1 High Ability bearing types and
principal applications

in ultrahigh-speed applications when used with oil/air
lubrication. Even with grease lubrication, these
bearings are superior to conventional products in high-
speed applications.

10. 2 Features

® 20 to 30% reduction in temperature increase

(compared with JTEKT's conventional products)

JTEKT has conducted various tests and analyses
and developed elaborate machining techniques to
improve the performance of bearings used with
machining tool spindles. The result is a substantial
reduction in frictional heat generated in bearings
rotating at a high speed.

Principal Specification
applications Type Bearing dimension | Contact Material of g 12- to 1'5-tlme Increases in speed I|m|ts
PP series angle rolling element (compared with JTEKT's conventional products)
Speed limits have been extended through re-
Type R 15° Steel designing for high-speed rotation and heat reduction.
High-speed, 10 20° or Use of ceramic balls as rolling elements enables
high-rigidity type ﬁ 19 . . additional high-speed rotation.
30 ceramics
@ Improved high-speed performance achieved by
" Type C position preloading
igh-speed, —_— 10 15° L . . duri .
high load-rating ) ceramics ow increases in tempgrature uring operation
type 19 20 ensure reduced changes in preload. Preload can be
— given by position preloading even at high speeds,
which has been hitherto unavailable with conventional
Ultrafast, Type D systems. The result is high-precision machining with
low-noise type . ) stability.
for oil/air iﬁ 10 20 eeramics
lubrication — ® Conventional bearings easily replaced
Dimensions of High Ability bearings conform to ISO
Extremely Type F standards. Replacement of conventional bearings with
ultrafast type 10 . ) High Ability bearings requires minimal geometry
o 20 ceramics . >
for oil/air 19 changes of the present spindle or housing.
lubrication
Oiling Oiling Oiling
Outer ring Outer ring Outer ring Outer ring
spacer \ spacer \
Balls Balls
Qiling port Oiling port
Cage Cage
Inner ring Inner ring Inner ring Inner ring
spacer spacer \
Qiling groove
The oiling nozzle should be aligned with Lubrication is accomplished from one side
the oiling groove in the inner ring. via the outer ring.

Fig. 10. 1 Lubrication method for Type D
High Ability Type D bearings are designed for oil/air lubrication.
Their inner rings have an oiling groove to ensure lubrication on the
rolling contact surface for improved lubrication reliability.

Fig. 10. 2 Lubrication method used in Type F
The oiling port in Type F is provided at its outer ring to ensure
improved lubrication reliability on the guide ways of the cage. High
Ability Type F bearings deliver the best high-speed performance.
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10. 3 Performance

High Ability bearings exhibit their maximum
performance when used in pairs or when more than
two units are combined and when preload is given by
position preloading. Shown below is the operating
performance of High Ability bearings with preload
given by position preloading.

1) Performance of Types R and C

Fig. 10. 3 compares relationships between
rotational speed and increases in bearing temperature
of Types R and C and conventional high-precision
bearings.

High Ability bearings exhibit smaller temperature
increases and higher speed limits than conventional
bearings whether grease lubrication or oil/air
lubrication is applied.

As shown in Fig. 10. 4, this type has excellent anti-
seizure characteristics with small quantity of lubricant
oil in comparison with a conventional type. Thus, the
quantity of the Iubricant oil can be reduced.

A
[}
o

Bearing : $70X¢110%x20mm

Rotational speed : 12 000min™!
Cooling : self-cooling f
Lubricant viscosity : 1SO VG32 )‘

I- Conventional type
//

| Attt /

)—0’._'/

t
| (o)

3NC HARO14CA —

N
o

»

Ny
o

Temp. increase of outer ring

o

~
[e2)

12 16 20 24

o [ min ]
Lubrication interval

Fig. 10. 4 Comparison of seizure limit oil quantity
of Type R and conventional type

High Ability bearings also allow the possible change
in lubrication of the spindle from oil/air to grease.
Fig. 10. 5 shows an evaluation example.

Comparison of ceramic ball bearings

1.0 1.25 15 1.75  dun [X106]

[Tl a0 T |¢ 7 T —T Ui T

o Bearing  : $75X¢115X20mm

£ Lubrication : Grease lubrication 3NC HAC015C

= Preload 980 N (position preloading)

% 30 [ Cooling  :jacket, il-cooling 4

o T T

5 Conventional

2 5 type

g 4

9]

S /

£

; 10

= '‘

g / /

S =

0
8 10 12 14 16 18 20 [X103 min™']
Rotational speed
1.0 1.5 2.0 6

[C] 40 i i d.n [ X108]

1 T
Bearing  : $65X$100X18mm
Lubrication : Oil/air lubrication
Preload  : 150 N (position preloading)
H Cooling : jacket, oil-cooling

w
o

/

Conventioy /

type

21 3NC HARO13CA
=t

10 12 14 16 18 20 22 24

Temp. increase of outer ring
—_ N
o o

26 [ X103 min~!]

Rotational speed

Comparison of steel ball bearings

5 1.0 1.25 1.5 1.75  d.n [X108]
['Cl60 — — T 7
Bearing  : $65x¢100X18mm HAR013%

Lubrication : Qil/air lubrication

Preload 150 N (position preloading)

Cooling ~ : self-cooling /
Conventional A L~
type /

A //

20 %//
10 1

40

Temp. increase of outer ring

0

2 14 16 18 20 22 [ X103 min™!]

Rotational speed

Comparison of ceramic ball bearings

1.0 1.25 1.50 1.75 2.0 dan [X106]
T

T T—T T T T
Bearing : $65x¢100x18mm
Preload : 150 N
(position preloading)
I Cooling : jacket, oil-cooling

Temp. increase of outer ring 3
— N
o o

—
o1

/:Erease lub.

Convlentionél 3
oil/air lub. / 3NC HARO13CA

i
5 ‘/
— -~
—
»//
0
10 14 18 22 26 [x103min™']

Rotational speed

Comparison of steel ball bearings

0
1

1.25 1.50 dan [X106]

C] 20
(el Bearing : $65x¢100%18mm I

= Preload : 150 N

= (position preloading) /

§ 15 H Cooling : jacket, oil-cooling ~

8 Conventional Grease lub.
bS] oil/air lub. HARO13CA

3 10

<

o

3]

£

g 5 >

8 ——

0 1

2 14 16 18 [%x103 min™']

Rotational speed

Fig. 10. 3 Comparison of increases in bearing temp.
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Fig. 10. 5 Comparison of high-speed performance
achieved by grease lubrication

Type R high ability ceramic ball bearing and grease
lubrication exhibits better high-speed performance
than conventional bearings using oil/air lubrication.

If steel balls are used, Type R with grease
lubrication exhibits high-speed performance equal to
or better than conventional bearings with oil/air
lubrication.
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2) Performance of Type D 3) Performance of Type F
Fig. 10. 6 compares the high-speed performance of Fig. 10. 9 shows an evaluation example of the Type
Types D and R. F bearing operated with a preload given by constant
pressure preloading. The maximum rotational speed
dun [X106] achieved in this test, or 54 000 min', equals 3.3x10°
15 2.0 2.5 in dmn value.
[C] 80 —=—= —_— :
o Bearing : $35X¢$62x14mm
§ o g;ﬂﬁﬁgg‘ggégﬁsgm preloading) N Evaluation of bearing with a preload given by
3 Type R I 7 constant pressure preloading
5 3NC HAR0OO7CA T eD dun [ X109]
2 40 —
- " oo [Cl 40 /5 '2.0 50X472x12 = T
'g_ 20 4% .g | gz%%g;gi ;j%:(()}gelfglog:;s;\jr:g)ressure preloading)
) 5] : » Ol
g 0 3 % 3NC HAF910CA //
30 34 38 42 46 50 54 g
Rotational speed [ X103 min™'] § 20
Fig. 10. 6 Comparison of increases in the bearing § 10
temp. of Types R and D "

30 34 38 42 46 50 54
. . ) [ X103 min~!]
Also, Type D causes little wind roar when the Rotational speed
bearing is rotating, and is effective in reducing the
noise of the spindle device and the air consumption.
(Figs. 10. 7 and 10. 8) The oiling port in the outer ring provides sufficient
lubrication to achieve a substantial reduction of friction

Fig. 10. 9 Temp. increases in Type F bearing

100 on cage riding land. This lubrication method ensures
(dBA] Bearing : $35X¢62x14mm S excellent stability against rapid acceleration or
Preload : 40 N (position preloading) || Type . . .
90 ||Cooling : self-cooling 3NC HAR(i(‘)7CA deceleration during operation.
o
e a1
§ La— L Passes 10° cycles of 0 to 46 000 min™ in 3s
e 80 acceleration/deceleration
© 1 1pen (46 000 min'=dmn 2.8x10°)
é 3NC HADOO7CA « Bearing number ] 30
70 : 3NC HAF910CA  Rotational
o Preload speed 3103 14
 constant pressure [ min']
60 preloading 46 000
30 40 50 e Cooling
) %103 min-! © jacket, oil-cooled
Rotational speed [ 10% min” +Test pattern 0 L !
. . . . See figure at right. Time [s]
Fig. 10. 7 Comparison of noise by Types R and D

Fig. 10. 10 Operating pattern of type F involving

Bearing - §80§125x22mm rapid acceleration and deceleration
Rotational speed : 18 000 min ™!

54 Cooling : self-cooling
[C] Preload : 200 N (position preloading)
~ 52 ||Lubricant viscosity : ISO VG32
:
g 950
<
3
S 48 } Conventional type
k]
% 6 3NC HADO16CA A
(9]
o
E a4 ] ] '\O
é‘ Air quantity
e a2 Reduced by 20%

< >
40 1 A 1 1
30 40 50 60 70
Supply air quantity (per bearing) [Nl/min]

Fig. 10. 8 Comparison of air quantity of Type D
and conventional type
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11. Ceramic bearings for machine tool spindles

Compared with bearing steel, ceramics [silicon
nitride (SizsN4)] has superior properties such as light
weight and high elasticity.

One of the advantages of ceramics when used as a
material for bearings is a reduction in t