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F 6.1 NimEHMED (F&HHLY Table 6.1 Inner ring fit with shaft
(FdazESES B BEOBEFR | BOHVRY | MOWEFSE | LELLTFEEDHBHL (*1)
Condition Application Bearing tolerance class | Fit Shaft finish (um) | Suggested average fit (*1)
>0
Synchros
H—R .
2
. Servos 5#% CLASS5 gzg&w
& RFvoax—g 44% CLASS 4 clightl gd 2 L
Low speed Potentiometers CLASS 5P logse ?it 7
LY CLASS 7P (slip fit
Resolvers stip fit)
JraIUNIL
Gyro gimbals
NBE—-Y
(EE~hiE Small motors 0#%& Normal
Low and TrUE-Y 6% CLASS 6 hRE(E s
medium Fans ABEC 1 Transition fit ¢d hs 10
speeds RAY—AR ABEC 3
Servos
DD
WRT 1 RATZEVRIL TEFESD (*2) od -5 a
AEwAIED Computer disk spindles 5#k CLASS 5 Slightly 8
PR EIE 755710 4% CLASS 4 loose fit (*2)
Inner ring | . CLASS 5P
) nner ring = -
rotation axially free | VIRNFAZU>S CLASS 7P BEREDHBL 4
Video cassette recorder Close-sliding opd 1L
drum spindles fit -6
3 oo—
g;r';f rotorsg DINE
ERARES KL 44k CLASS 4 LEWIEED
e , CLASS 7P Slight ¢d *2.5 2T
iR~ iR Dental Spindles 8
Medium and SEERE N CLASS 9P interference
high speeds High-frequency spindles fit (Push fit)
Vacuum cleaners 0 #& Normal .biu{iw g
mHTE ABEC 1 interference ¢d  js5 4T
Electric tools fit
RUIVIS5-R*Fv+HE-Y EREHH L od -1 1L
Polygonal mirror scanner motors | ¢ % CLASS 5 Close-sliding fit -6
NEEED 41#% CLASS 4
75278y | Yv1O0—9 CLASS 5P TEEED pd D 5L
Inner ring Gyro rotors CLASS 7P Loose fit 10
axially fixed
AERBIED ITIVF 0 #& Normal DIHE
75>77L | Clutches 6 #k CLASS 6 TEERED ¢d 5 3L
Inner ring | INB77>E—9 ABEC 1 Slightly &
SRR EE~E&E axially free | Small fans ABEC 3 loose fit
Quter ring | Low to
rotation high speeds | NEAIED F=7AHIRO0-3 5#% CLASS5
TS5 7%) | Tape guide rolls 4%k CLASS 4 TEEREFD od -5 5L
Inner ring erFo-3 CLASS 5P Loose fit 10
axially fixed | Pinch rolls CLASS 7P
7 Notes

(*1) L:gE&EEH, T: LEWIEFD LiLoose fit, T:nterference fit
(*2) BHHVE. EETRIHENS L. After mounting, usually bonded
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Shaft and housing fits

The fitting practice used for bearings is extremely important
in achieving their expected performance. Since miniature
bearings are usually used under light loads, the range
between a push fit (light interference) and a slip fit (slightly
loose) is generally used.

In the case of a rotating inner ring, ordinary ball bearings are
fitted to the shaft with interference, however, a slip fit is
generally used for miniature bearings and instrument ball
bearings in order to simplify their mounting, prevent damage
during mounting and avoid changing the contact angle or
preload. This is because the occurrence of creep in miniature
bearings is easily prevented by tightening the side face of

MINIATURE BALL BEARINGS

When a spring is used to apply a preload to a bearing, the

fitting of the bearing ring in contact with the spring should

be loosely fitted so the ring slides smoothly. When housings
are built of lightweight alloys, the fitting clearance of the
outer ring will increase with increasing temperature and
possibly impair the machine’s operation and reduce the
bearing life; therefore, the bearings should be mounted in a
steel bushing. Tables 6.1 and 6.2 show the recommended

fittings for various design conditions and applications.
Tables 6.3 and 6.4 show the dimension tolerance for

bearing and housing shaft hole.

the inner ring against a shoulder on the shaft with a nut.

K 6.2 NBENIIUTRED (FHHL

Table 6.2 Outer ring fit with housing

(EdEES LS BRI HMZOREER | FOHVERME | \UIVIROTEFSE | BEELLFEERDHHL (K1)
Condition Application Bearing tolerance class | Fit Shaft finish (um) Suggested average fit (*1)
s
Synchros
H—R
=
] Servos 54 CLASS 5 gz’;&w
& KFyax—9 4% CLASS 4 clizhtl #D +3 aL
Low speed Potentiometers CLASS 5P logse zit 2
LYILIN CLASS 7P lio fit
Resolvers (stip fit)
Jrad NIl
Gyro gimbals
INBE—Y
Small motors
EFTE
Electric tools 0#& Normal TEEED
BB ABEC 1 Loose fit ¢D  He oL
Vacuum cleaners
T72E-Y
AR EIER Fans
Inner ring rotation
WRTrRTAEVRIL FEHED (*2) ¢D +3 aL
Computer disk spindles S CLASS 5 Loose fit(*2) 0
iR~ iR 4 4% CLASS 4
Medium and | VTR kSASUZS CLASS 5P PThG
high speeds | Video cassette recorder | CLASS 7P LEVEH ¢D 2 2T
Slightl
drum spindles >ugntly . -5
interference fit
Svy1O0—9
Gyro rotors gEHED ) 3
BEBACZRL 54 CLASS 5 Loose fit 0 5L
High-frequency spindles 4%% CLASS 4
CLASS 5P
KUTYI5—2%vrE—y | LASTP S () s
Polygonal mirror ¥ < fit(2) ¢D 4L
scanner motors oosell 0
F—FHrRO-5 5#% CLASS5 DN
Tape guide rolls 44k CLASS 4 TEEED $D +3 oL
ErFo—35 CLASS 5P Slightly B
2
Pinch rolls CLASS 7P loose fit
EE~E®E
g)wiﬁrlf?n rotati tow to ALD—5
uterring rotation | high speeds | cam followers 0#& Normal LS
Forarvr -1 6%k CLASS 6 Imterf D M 5T
Tension pulleys ABEC 1 f_r; erterence ¢ e
TARLEY ABEC 3 :
Idler gears

7 Notes

(*1) L:gE&EEH, T: LEWIED LiLoose fit, T:nterference fit
(*2) BHHVE. EETBHEENS L. After mounting, usually bonded
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Table 6.3 Tolerances for shaft diameters

BAfZ tum  Units :um
#1R (mm) REFHIT S
Shaft dia Tolerance class for shafts
@z LR . .
overincl g4 25 h4 h5 js4 js5
3 2 ~ -5 2 ~ -6 0 ~ -3 0 ~ 4 +1.5 +2.0
3 6 -4 ~ -8 -4 ~ 9 0 ~ -4 0 ~ -5 +2.0 +2.5
6 10 5 ~ 9 S5~ -1 0 ~ -4 0 ~ -6 +2.0 +3.0
10 18 6 ~ -1 -6 ~ -14 0 ~ -5 0 ~ -8 +2.5 +4.0
:\\ \\'_l_l : — ==
K64 NIIVITNROTEHFEE
Table 6.4 Tolerances for housing bores o _
B tum  Units :um
NIZ 27 TREE (mm) REFHITZX
Bore dia Tolerance class for shafts
) H5 H6 1S5 1S6 K5 K6 M5 M6
3 +4 ~ 0 +6 ~ 0 +2.0 +3.0 0 ~ -4 0 ~ -6 2 ~ -6 2 ~ -8
3 6 +5 ~ 0 +8 ~ 0 +2.5 +4.0 0 ~ -5 +2 ~ -6 -3 ~ -8 1 ~ 9
6 10 +6 ~ 0 +9 ~ 0 +3.0 +4.5 +1 ~ -5 +2 ~ -7 -4 ~ -10 3~ 12
0 18 +8 ~ 0 +11 ~ 0 +4.0 +5.5 +2 ~ -6 +2 ~ -9 -4~ 12 -4 ~ -15
8 30 +9 ~ 0 +13 ~ 0 +4.5 +6.5 +1 ~ -8 +2 ~ -1 5 ~ 14 -4 ~ 17

WMONTT U TDREEARN HBHE MR EZ
DEBEZT MNELGEREREITHENTS
BUVBIZF EMEBDBDRBERRN SN &
RONE - -NHCESHEC BREEDEH (i
WEPFE (Ty 2 O—R) AIDY ARFFE DO
BREDBEEZELDIRAEBBZZEN G D,

—RDEAFRAGTIE EHHVEDOI LTI KEH]
DL EF TRV OEBORNPEECDONTD
ZRABLU WS EICE EE EFHNETH B,

WMEPEEAITIHEBOHRO/NT D > T IROKE
ENDEZ%.&K6.5(CR7,

If the accuracy of a shaft or housing does not meet
the specification, the performance of the bearings
will be affected and they will not perform to their
full capability. For example, inaccuracy in the
squareness of the shaft shoulder may cause
misalignment of the bearing inner and outer rings,
which may reduce the bearing fatigue life by adding
an edge load in addition to the normal load. Cage
fracture and seizure sometimes occur for this same
reason.

For normal operating conditions, a turned finish or
smooth bored finish is sufficient for the flitting
surface; however, a ground finish is necessary for
applications where vibration and noise must be low.
The accuracy and surface finish of shafts and
housings for normal operating conditions are listed
in Table 6.5.
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Table 6.5 Accuracy and roughness of shaft and housing

I5E R i INTZ TR
Item Class of bearings | Shaft Housing bore
0 k. 61k T3 ~1T4 1T4 ~1T5
TEIFE?_\‘% Normal, CLASS6 | 2 2 2 2
oﬁt%?—r;gﬁnggess 5k, 44k T2 ~173 T2 ~ 173
CLASS 5, CLASS 4 2 2 2 2
0 #&. 61k T3 ~1T4 1T4 ~ TS5
?Tﬁfgﬁ% Normal, CLASS 6 | 2 2 2 2
olerance for
cylindricality 5 k. 4R T2 ~1T3 T2 ~1T3
CLASS 5, CLASS 4 2 2 2 2
ROHRN L= ommal &ass 6 IT3 IT3 ~1T4
olerance for
shoulder runout 5 k. 4R IT3 IT3
CLASS 5, CLASS 4
(FHHVEDMHES
Roughness of — 0.8 1.6
fitting surfaces Ra

% Remarks

FRIEICFD—MNGHETHY . BROBECHIGUTEERRE IT DERERET 3.
This table is for general recommendation using the radius measuring method. The basic tolerance (IT)
class should be selected in accordance with the bearing precision class.
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Bearing internal clearances
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MINIATURE BALL BEARINGS

The internal clearance of ball bearings greatly influences their
performance, including fatigue life, vibration, noise, heat generation,
etc. Consequently, it is necessary to select the proper clearance
considering the bearing fit, load, speed and operating temperature.
ISC provides clearances in six steps as shown in Table 6.6. To obtain
accurate measurements, the clearance is generally measured by
applying a specified measuring load on the bearing. As a result, the
measured clearance is always slightly larger than the theoretical
internal clearance by the amount of elastic deformation caused by
the measuring load. The theoretical internal clearance may thus be
obtained by correcting the measured clearance by the amount of
elastic deformation (refer to Table 6.6 Remark #2)

DSSTILNEBT =%

Table 6.6 Radial internal clearances in extra small and miniature ball bearings. - L
xR {#Z Remarks
S RELT 1. BN BREET EF(F MC3 THB.
Clearance symbol MCl1 MC2 MC3 MC4 MC5 MC6 The standard clearance is MC3.
2. AIETEFELTRLZIBE. REDH
BN BK | B\ BK | &\ BK | BN &K | B\ BRK | &\ &K ESEEMAD.
IEF min max | min max | min max | min max | min max | min max  Toobtain the measured value, add
Clearance Lf;ﬁ;virrect\on amount in the table
0 5 3 8 5 10 8 13 13 20 20 28 '
P—— FXN ;au&ﬁ-;%;gmaa»m{a%a ’
EXECS S=Fa7FMZOHRE  2.5N {0.25kgf
Clearanz symbol MCI MC2 MC3 MC4 MC5 MC6 'N%i;m’ﬁmt%ﬁ 1 4.4N {0.45kgf} £
Y The measuring loads are as follows:
TEEDORHES Tgrzrglinife;ture ball bearings 2.5N
Clearance correction ! ! ! ! 2 2 F(g'rzéitzrg small ball bearings 4.4N

NE T SEDEREREEZSEEL T R6.7(CRT,
RRIGAB T EFEEE T H5ICEISCICTHER

<FEEW

& 6.7

Table 6.7 shows the criteria for selecting the radial clearance for extra small and
miniature ball bearings.

For reference purpose, selection criteria of radial clearance is shown in Table 6.7.
Please consult with ISC for special radial clearance.

ST TIAERT EEDEERLEH

Table 6.7 Selection of radial clearances

& B (O BRM JEFELS #Z

Typical application Requirement Clearances symbol | Remarks

BB, —RAHZ R A o FEZESATICMZIEFENSII UL,

ZATFYESTE—S . Small bearing clearance is required with no preload. MCl1

EETERASNDHES ® PEI T HEMNNS . ¢ LibLBEI AL

Shafts for precision gear, Low axial load. MC2 Avoid interference fits.
servo-mechanisms, stepping motors, | @ 7H37)LAHBIEEREE LW,

other low-speed applications High axial rigidity is not required.

227037 NEEERIZY v1OI VN,

VIRRSAZEY RV BRT 1 ATAEY R, ® EENLIEINEL U,

RUIVI5-2F4FE-F Low frictional torque is required.

o ERORCEAINGRE © 7H T HEBIE. MC3 ® BAIELT. LHLBEDIFRL,

Synchros, gyro gimbal radial bearings, Axial load and rigidity are normal. MC4 Avoid interference fits in most applications.
Video cassette recorder drum spindles, ® XTI SEBIMEEE L.

computer disk spindles, polygonal mirror High axial rigidity could be normal.

scanner motors, other low or

medium-speed applications

Qi BRI ERITNEL UL

TXRITINEEERTZI O VNL. | OFE cE<L7ebe ) 0 BAMTEENHEEET>D. ERTHETS.
T7vE—Y BRIRRHE. Extremely low frictional torque is required. MC5 Eifhgﬁ;xial clej?ancgjis made ad?Zstable
BRFCEIFETEASNDIHKE ® PRI TINEENAS L ; or spring preload is used

Gyro rotors, gyro gimbal thrust bearings, | High endurance and high axial rigidity are required. MC6 o ettty .

fan motors, vacuum cleaners, ® 7XITIAABIMENEET S, PIITHEL,

other high-speed and high-temperature | High axial rigidity is required. Interference fit may be allowed.
applications
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