6. [FHHL & TEF

Fits and internal clearances
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Table6.1.Inner ring fit with shaft

fERSM E B R OEEEFR | FHSVRE BMOTETFEE EFXULLTYIEHHL(M)
Condition Application Bearing tolerance class | Fit Shaft finish( «m) Suggested average fit(*1)
oo
Synchros
gervﬂl gi?ss 5 DI
e=~,3 TFIESD
IligEd INTIIHARX—5 4R gl- -2
P Potentiometers Class4 ightly dd _ 2L
Low speed NI loose fit 7
LYK CLASS 5P o6
Resolvers CLASS 7P (slip fit)
IOV
Gyro gimbals
(s~ INBIE—% Ok
-z Samos M
T7VE— b
Ir_noev&ir;:i Fans Class 6 Transition fit ¢d h5 +0
speeds MAY—IR ABEC 1
Servos ABEC 3
X 54k DFEHIL
BRT A AOXEV RV | Glass 5 FEFEH(*2) bd =B
Computer disk spindles | 44p Slightly —8 4L
Class 4 loose fit(*2)
_ WEREIED | VTIRRSLYUYSH— | CLASS 5P _
Wiﬁlﬁlﬁn 25 J1EL | Video cassette recorder | CLASS 7P JééR(a"%@l}\t ¢od _é 1L
Inner ring Inner ring drum spindles ose-shding f
rotation axially free JvO0O0—%
Gyro rotors by HFHIE
wmEBEIAEY RV Class 4 LEDbIES
R~ Dental Spindles CLASS 7P Slight ¢d +25 2T
=5 SRRAEY RIL CLASS 9P interference fit
Medium High-frequency spindles (Push fit)
and high
speeds ERURRE Ok B®qL
Vacuum cleaners Normal ULEDIED .
EHTE ABEC 1 Light od js5 5T
Electric tools interference fit
RUIVIS-2F+FTE-9 | 54 EIRIZSH B —1
Polygonal mirror scanner | cjass 5 Close-sliding fit ¢d —6
motors 445 1L
W@ME(D . Class 4 .
lﬁj‘/jaib Jv/O0—% CLASS 5P TEEED ba _51-,0
nner rin Gyro rotors i =
axially fixed | CLASS 7P Loose fi 5L
B O#R
275> 715U | Clutches Gk FTEFIFD
Inner ring INYD 7 VE—H Class 6 Loose fit ¢d g5 5L
BT | (R~ axially free Small fans ﬁggg :13
Outer ring | iR
rotation | Low to AEREIED 54k
high speeds | 75> J&b | T—TH+« kO-5 Class 5
Inner ring Tape guide rolls 4R FTEXIFD —5
axially fixed | E¥FO—3 Class 4 Loose fit bd —10 5L
Pinch rolls CLASS 5P
CLASS 7P

E (1) L: 9EFEH. T LENED (*2) BDHHWEIEBETIHEEDZ,
Notes (*1) L:Loose fit, T:Interference fit (*2) After morning,usually bondned



MINIATURE BALL BEARINGS

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

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

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. Table 6.3 and 6.4 show the
dimension tolerance for bearing and housing shaft hole.

KO.2HMMEINDIVIRED 1FHHBLY  Table 6.2 Outer ring fit with housing

. ’ INTIVTTRD
FERIRHE el HEOWESR | FODVRH  gomam  ZELLEEHBL(M)
Condition Application Bearing torance class | Fit Shaft finish( & m) Suggested average fit(*1)
oo
Synchros
PR 5% .
Servos Class 5 gzggm
= RTIIF A5 4%k < +3
{EER : Slightly éD 2L
Low speed Potentiometers Class4 | it )
LYILIR CLASS 5P (‘;ﬁsiit)'
Resolvers CLASS 7P P
JvA40IVINL
Gyro gimbals
INBIE—%
Small motors 0%
EFHTE ! TEFIESD
: Normal : ¢D H6 oL
Electric tools ABEC 1 Loose fit
AR
Vacuum cleaners
PEREIE 7 IEY
Roating ans
inner ring | BWRT«RIAEY RV | 545 IEFIFH (*2) +3
:3§~ Computer disk spindles | Gjass 5 Loose fit(*2) ¢D 0 L
e 4R SHVEC
Medium | VTRRS LY UV S — DIHE
. ) Class 4 EEhIEH —2
and high Video cassette recorder . ¢D 2T
speeds | drum spindles oLnssop Slightly =5
P CLASS 7P loose fit
Jv(OO0—%
Gyro rotors ITEFIESD +5
BRERAEY RV g?ss 5 Loose fit Gt SL
High-frequency spindles AR
RUJY=S5—RF 7 | Class 4
-5 CLASS 5P FEFED (*2) op T3 aL
Polygonal mirror scanner | CLASS 7P Loose fit(*2) 0
motors
5%k
FT—JH4 rO—-35 Class 5 DFHS
Tape guide rolls by FTEFED 6D +3 oL
EryFo—> Class 4 Slightly —o
B Pinch rolls CLASS 5P Loose fit
gtﬁl%ljﬁ {EEN CLASS 7P
outer ring i ALO—S Ok
towh to g Cam followers Normal
igh speeds| > 37— 61k LEDIED
Tension pu‘IIeys Class 6 Interference fit oD LB ST
74 RIVFY ABEC 1
Idler gears ABEC 3
) LI 9EEED. T LENED  (2) BDHVWEIEBTIHEN B,
Notes (*1) L:Loose fit, T:Interference fit (*2) After mounting,usually bonded




6. [FHHL & TEF

Fits and internal clearances

#K6.3 HRDTETBE

Table6.3 Tolerances for shaft diameters %n{# 712
E=(mm) REFHISZ
Shaft dia Tolerance class for shafts
R L . .
O\E lr’]{c_r g4 g5 h4 h5 js4 js5
= 3 —2~—5|—2~—6| 0~—3 | 0~—4 +15 +20
3 6 —4~—8|—4~—9| 0~—4 | 0~—5 +20 +25
6 10 —5~—5|—5~—11| 0~—4 | 0~—6 +20 +3.0
10 18 —6~—10|—6~—1| 0~—5 | 0~—8 +25 +4.0
£6.4 \VIVIROTHFEE S
Table6.4 Tolerances for housing bores Unit ’;m
NDI Y J7E (mm) REHISA
Bore dia Tolerance class for shafts
(=N s H6 | JS5 | JS6 | KS K6 | Ms | M6
= 3 +4~0 | +6~0 +20 +3.0 0~—4| 0~— 6|—2~— 6|—2~— 8
3 6 +5~0 | +8~0 +25 +4.0 0~—5 |+2~— 6 |—3~— 8|—1~— 9
6 10 +6~0 | +9~0 +3.0 45 | +1~—5 |[+2~— 7 |—4~—10|—3~—12
10 18 +8~0 | +11~0 +4.0 +55 | +2~—6 |[+2~— 9 |—4~—12|—4~—15
18 30  +9~0 | +13~0 +45 +65 | +1~—8 |[+2~—11|—5~—14|—4~—17

O /N\DIVIDRBEARNDBE MR(ETDREZRIT,
NBISHRRZRET D EDTELV, AIZIE EIEDBD
BERARDONIEL HMRONEH - NEDESZED MZETED
[EDCImEBEREIE (T y I O—R) DN D RIFEOEIERLE
DIEEZEEUDFRREFDEN DD,

—MRDERRETIL [FHHVEDMNIIE RO T EIFTX
WA BERDIRNPEEIC DV TOERDBEL WSS HTH
T EFHHNETH D,

P2 ERTIEOHMRO/N\DIVITNDBEEDERZ &
6.5[TR Y,

If the accuracy of a shaft or housing does not meet the specification, the
performance of the bearings will be affeced 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 fatique 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 truned 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.

RE.5H - \DIVITDEE LS
Table6.5 Accuracy and roughness of shaft and housing

158 2R & INTIVITR

Item Class of bearings Shaft Housing bore
Ofk, B6#k IT3~I1T4 IT4~IT5

BEHERE Normal,Class 6 2 2 2 2

Tolerance for

out—of—roundness S5k, 4k IT2~IT3 IT2~IT3
Class 5,Class 4 2 2 2 2
Ok, 61k IT3~I1T4 IT4~IT5

AEERE Normal,Class 6 2 2 2 2

Tolerance for

cylindricality 5%k, 4%k T2~IT3 T2~IT3
Class 5,Class 4 2 2 2 2

BOIRNRZE ng‘rﬁ aﬁgﬁss 6 IT3 IT3~IT4

Tolerance for 548 ZH"&

shoulder runout Class 5 Class 4 IT3 IT3

[FsHHpWVEDHEE

Roughness of - 0.8 1.6

fitting surfaces Ra

fisZ Remarks
FREICLD— ML HETHY) B ORBEICKHICL TERAZITOERERES 5,
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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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 shwon in Table 6.6. To obatin 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
lager 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).

FKO.6 IEEHZT - S=F a7 FEHZOSIT7ILNETEF N
Radial internal clearances in extra small and miniature ball bearings. %ﬂ% i‘lﬁ
— flZ Remarks
Z2etE s
gEFES . MCL | MC2 | MC3 | MC4 | MC5 | MC6  1iREmumssssiMcaTss,
by The standard clearance is MC3.
= = = = = = = = = = = = JIETEEELTHVWSSBE RROFEEEMNAS
B\ BX | B\ BX B\ BX B\ BX| B\ Bk 8N Bk 2UEY e
gl:&i mini max | mini max | mini max | mini max | mini  max | mini max Z%g:;?'i: mz ggisgre?gvyalue,add the correction
earance :
0 5 3 8 5 10 8 13 13 20 20 28
B um
Unit xm .
—— BHGAERTEIL RDEITHD,
EFELS IZF 7 EEMTOBE 1 2.5N {0.25kgf}
Clearance symbol MCl MC2 MC3 MC4 MC5 MC6 IEFEHZDHBE : 4.4N {0.45kgf}
= The measuring loads are as follows:
g}ii@?ﬁﬂfi ti 1 1 1 1 2 2 For miniature ball bearings 2.5N {0.25kgf}
gaianceiconceton For extra small ball bearings 4.4N {0.45kgf}

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.

WERT TXDREEREZSELLCRB.7(TRT,
RrRIENER I EFZEE I D5 EICIE ISCICTHEHULTZE L.

+&6.7 SIY7IVAEET EF DEEEEG
Table6.7 Selection of radial clearances

2 (O Y DR JEFELS #E
Typical application Requirement Clearance symbol Remarks
e OFEZSAFICHZIEEZ
PB—RXAZX L, INEL UL,
AFvEVIE—H, Small bearing clearance is required
(R CERATNDHEES. with no preload. MCl1 OULHLBZEDIFEL,
Shafts for precision gear, OF7F 7 JLEEDINE L, MC2 Avoid interference fits.
servo-mechanisms, Low axial load.
stepping motors, O7FI7 VAN ZEHEE LIFL,
other low-speed applications, High axial rigidity is not required.
2:{75\ . e OEBE ML ZEINEL LT,
SI7IEERERITDI vAOIVINb:  Low frictional torque is required.
VTR RFSLAEY R, O7F V7 IEEIFEE,
moﬁT’f Z\ZXIZ‘/ RIb. Axial load and rigidity are normal.
MUIY=5—AF+FE—5, OF7FYTIVAERIEFEETEN, MC3 OFAIELT. LHULBEDIFE.
PR~ EREEL CREATNSHkES, High axial rigidity could be normal. MC4 Avoid interference fits in most applications.
Synchros,gyro gimbal radial bearings,
VCR drum spindles,computer disk,
spindles,polygonal mirror scanner motors,
other low or medium-speed applications,
Yv/O0—%. OEE RNV ZRICNE L UTzb. ==
PEITVIEEEZIFDI vA40OIVI\)b.  Extremely low frictional torque is required. .?gg@%g?%ﬂﬁﬁﬁmjb‘\
- — St 3,77 ) °
z_f /:% _’i_"_;E,Ejf“‘”*“ﬁ[@%‘ a '.j F7 }bﬁib‘*im° MC5 Either axial clearance is made adjustable
ERF SR CHERENSHER, High endurance and high axal . oad i g
Gyro rotors,gyro gimbal thrust bearings, MCeo or spring pretoad 1s used.

fan motors, vacuum cleaners,other
high-speed and high-temperature applications,

rigidity are required.
O7F7IVAaIEEREET B,
High axial rigidity is required.

OLYHLAZEDIFTHKL,.
Interference fit may be allowed.




