L AUTOMATION TECHNOLOGY

B) Beaiug fits

3.1 Interference

For rolling bearings, wwer and outer riags are fized on the shaft or i the housing so that
relative movement does not occw between fitted swiaces dwing operation or wider load.
Thiz relattve movement (referred to as "creep”) between the fitted swiaces of the beanng
and the shaft or housing can occwr ina radial direction. an axial direction. or in the direction
of rotatton. To help prevent this creeping movement bearing rings and the shaft or housing
are installed wwth one of three interference fits a "tight fit" (also called shrink: fit), "transition
fit," or "loose fit" (also called clearance fit), and the degree of interference between their
fitted switaces varies.

The mos=t effective way to fix the fitted swifaces between a bearing's raceway and =shaft or
housing i to apply a "tght fit" The advantage of this tight fit for thinwalled bearings 1= that
it provides wuform load support over the entire ring cdrcunference without any loss ofload
carrving capacity. However, with a tight fit ease of installation and disassembly 1= lost and
when using a non-separable bearing as the floating-side bearing. amial displacementis not
possible. For this reason. a tight fit cannot be recommended in all cases.

3.2 The necessity of a proper fit

In some cases improper fit may lead to damage and shorten bearmg life therefore it 1=
necessary to malke a careful analysis in selecting a proper fit Some of the negative
conditions caused by improper fit are listed below.

® Raceway cracking. early peeling and displacement of racesway

® REaceway cracking. early peeling and displacement of racesgay

® Raceway and shaftor howsing abrasion caused by creeping and fretiing corrosion Seizing
caused by loss of internal clearances Increased noise and lowered rotational accuracy due
to raceway groove deformation

3.3 Fit selection

Selection of a proper fit is dependent upon thorough analysis of bearing operating conditions,

including consideration of

® Shatt and housing material. wall thicknes= finished swtace accuwacy. etc.

® hlachinery operating conditions ( natuwe and magnitude of load rotational speed.
temperature. etc. )

3.3 1 "Tight it" "wansition fit" or "loo=e fit"

For raceways wder rotating loads. a tight fit 15 necessary. (Refer to Table 3,11

"Raceways under rofating loads" refers to raceways receiving loads rotating relative to their
radial direction. For raceways under static loads on the other hand a loose fitis sufficient.
{ Example ) Rotating imner ring load — the direction of the radial load on the inner ring is
rotating relatively

For non-=eparable bearings. such as deep groove ball bearings. it is generally recommendad
that either the iwner ring or outer riuig be given a loose fit
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Takle 31 Radal load and b= aing

llustrodion Bearing rotation Rirg loal Rt

hrer Ang:
Rototing Rotorfing inner nner rng:
Outer ringr: ting loocl Tigit fit
Stationory
hner ing:
Haticreiny Stofic auter Outer fing;
Outer fingr ring lood Loose fit
Rototing
nrner Ang:
RiEterery Stotic inner nRerAng:
Quter Angy: fing looicl Loose fit
Rototing

Frioolorced ;o

s hner fing:
Ratating Rotating cuter Outer fings
Outer ring: ring looicl Tiggt fit
Stationory

3.3.2 Recommended Fits

The system oflimits and fits define the tolerances of the outside diameter of the shaft or the
bore diamefer of a housing ( the shaft or housing to which a metric bearing is wistalled).
Bearing fit i= governed by the selection of tolerances for the shaftouiside diameter and
housing bore diameter. Fig. 3.1 summarizes the interrelations between shaft outside
diameter and bearing bore diameter. and between housing bore diameter and shaft outside
diameter Table 3.2 prowvides the recommended fits for common radial needle roller bearings
{machined ring needle roller bearings with inner ring) relative to dimensions and loading
conditions, Table 2.3 15 a table of the numerical value of fits.

3.3.3 Interference munmum and mazimum values
The following points shodd be considered when itis necessary to calculate the interference
for an application:
#® In calculating the minimum required amowti of interference lzeep in mind that
1iinterference i= reduced by radial loads
2iinterference is reduced by differences betwgeen bearing temperatue and ambient
femperature
# 3)interference 1= reduced by wariation of fitted swfaces
Mazimum interference should be no more than 111000 of the shatt diameter or outer
diameter FRequired interference calculations are =hovwn below.

3.3 3.1 Fitted surface variation and required interference

Interference between fitted swfaces is reduced by roughness and other slight variations of
these swtaces which are flattened in the fitting process. The degree of reduced interference
depends upon the finish reatment of these swfaces butin general it is necessary to assume
the following interference reductions.

For ground shafts 10~ 26 um
For lathed shafts : 50 ~ 7.0 um
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3.2.32 Mammum interference Housing
When bearing rngs are nstalled with an
interference fit. tension or compression siress Class O
may occw along thew raceways. If mterference Y P
is too great. this mayv cause damage to the rings
and reduce bearing life . For these reasons.
maxzmum interference shodd net exceed the Logse 11 | Trarsindl
previously mentioned ratio of L1000 of the Tighi 11
shatt or outside diameter
Types of ik
Trarsllonil Tghlil
w
=
/ Clss 0 k5 A
I e =
i |
| Shaft
Fig. 4.1
Takle 3.2 General standards for needle roller beaing ik
Takle 3.2.1 Shaft fits
Mahre - Lood condition, Shaft dameter Tolerance
Fit : mm Rermarks
oflood rmagnifude er fl closs
~ 50 js& . ]
” ‘When grecter acouroc v is uirec
ligght looc ® 5~ 100 ké o u v mﬁmf:dfre:ﬁ
100 ~ 200 e Lag = = (=R 1N] ar k.
ok fesrrinoite I o
pmimlil : 2~ 100 ms
direction lood Tightfiti o
L P ? Norrral lood o o~ 150 ma
Rototing inmer | Tronstionfit 150 200 5
g looiod - )
om - pé
. ~ 150 né Wh ter i irect
Heoryloodl e grecter acouroc Y is reoui
Shikook Ioad AL pr: s Fricry ke sulkstituted for ms.
ner ring oedol ‘Whehn grecter accuracy is reguired use g5,
cisplocerment [=]-] :
Static inner - : possble Al shorft For korge kbearings, 16 mory be wsed.
i Transition fi - = :
al=]==1-1 Fner Hing codal dicrmeters
displocement hé& When greoter accuroicy is reouired use hi.
URREC es0ry
Certic cedol Al shorft Gererd; depending on the fit
Tronsition i Al looick 5 jsé i 5 i
looidl oty dicrreters shof tand inner ings ore not fixed.

o Standards for light leads, normal loads, and heayy loads
Lightload=s : eguigalentradial load = 0.08 Cr
ITormal loads: 006 G < equivaleatradial load = 0.12 &
Heayy loads 0. 12 Cr <eguvalent radial load

ITote: Al walues and fits listedin 12 above tables ave for solid steel shafs,
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Takle 3.2 .2 Howsing its (Howsing of the drawn cup neede roller bearing )

Matire Housin Rt lood condtion. Toleronce Cuter ring axic q s
ofload z rmagnitude closs dsplc:cememo BITeL
_ &7 olso occeptodefor longe tyoe
o Al loock J7 | Displacerrent possible | becrings o vell ais cuter ings and
housing P T housings with lorge termperorhre
Rototing outer| orspit e diff erences
fing loodd o | ey icing it © i i
i Light ® to riormnol looicd H7 Disploicerment possikle
Arg oo . .
Tronsifion Hgh r\DTlhdm ::FU::':\{‘CY ke Displocerent not Applies prrnorly
erboeg| EOUED MihG possible(in princige ) to roller ke crings
fit to norral loocds
Tight Light to nornod lood J7 Disploicerment possite When greater occurocy B
Direction L o : i 3 P
Displocerent not reqjuired sukstitute b for
F i iti Hornad fok looc]
nder:::nqh mr?.l:lm & mEEE e posdble|in princigie ) J7ond K&for K7
i
Hecivy shioc k lood W Diplocerrent nat posscle —
Solicd 2 . : B
housing Light or voiricole looiod [ Displocerrent not posstle —
hner fing s tic Morrod to heovy lood N7 Deplocerrent not posscle —
ke ad or.ouhrr'ng Tight fit Hecrvy lood (hin
retutinglsad waoll housing|or P7 Displocerrent not posstle —
hecivy shiock looc
Cenfered axal Select otoeronce closs thort wl
lbad only - Loosefit —_ provicke clecronce kbetveen outer —_
Leos= it fing ond housing.
0 Standard=s for light loads, normal loads, and heayy loads
Lightloads’ equivalent radial load = 0.08 Cr
ITormal loads: 006 G- = equivalent radial load = 0,12 Cr
Heawy loads: 015 Cr <“equivalent radial load

) lodicates whether or notouter ring azial displacementis possible with non-separable fpe bearings.

ITote L All walues and fits ksted in fhe aboye tables are for castiron or steel howsings
2 :In caze=s where ooly a centersd aztial load acts on fhe bearing, select a tolerance clazs that will provwide
clearance in fhie axial direction for the ouber ring.
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Takle 3.3 Nurmernic vaue foble of itting for rodid bearing of class 0
Takle 3.3.1 Fiting oganst shaft

Morrinal bore | Singe ;:élcrle =3} g h& hé s js5 j&
diarmeter of "::qmg,e beoing shoft | beaing siofl | beoing shoft | beaing shofl | beaing shofl | beoing shofl | beoring shoft
becring deviation
d Sidma o — o ' — [ O o I
o= — — — — | | i
ower  incl | high  low
3 & o] -8 4T~ 9L 4T~ 121 8T~ 5L 8T~ 8L 1T~ 2L 1057~ 2.50 14T~ 2L
& 1 o -8 3T~ 111 AT~ 140 BT~aL BT~ 9L 12T~ 2L 11T ~ 3L 15T~ 2L
10 g o -8 2T~ 140 2T~ 171 8T~8L 8T~ 11L 13T~ 3L 12T ~ 4L 16T~ 3L
18 a0 o -0 3T~ lal 3T~ 200 10T~ %L 107~ 13L 15T~ 4L 1457~ 450 19T~ 4L
30 A0 o -1z 3T~ 200 AT~ 25L 12T~ 11L 12T~ Tal 15T~ 5L 1757~ 550 23T~ 5L
s0 a0 a 15 5T~ 231 AT ~29L 15T~ 13L 15T~ 19L 21T~ 7L 21 5T~ &.50 27T~ 7L
ao 10 o - 8T~ 270 8T~ 340 20T~ 151 20T~ 221 26T~ MIL 27 5T~ 7.5L 33T~ 9L
120 140
140 1a0 o 25 MT~ 320 11 ~T3%L 25T~ 18L 25T~ 250 32T~ 11L 34T ~ 9L T~ 11L
1a0 180
180 200
200 225 o -3 15T ~ 350 15T~ 440 30T~ 20L 30T~ 291 37T~ 13L 40T~ 10L 45T~ 131
225 240
250 280
o -35 18T~ 400 18T~ 490 35T~ Z3L 35T~ 321 42T~ 18L 45 5T~ 11.50 S1T~Tal
2|0 315
s 355
o -0 22T~ 430 22T~ 540 40T~ 250 40T ~ 3al 47T~ 18L 52.5T~ 12.5L ST~ 18L
355 400
400 450
450 s o -45 AT~ 471 25T~ a0l 45T~ 27L 45T ~ 40L 52T~ 3L S8 AT~ 1350 &5T ~ 20L

Takle 3.3.2 FiTHing aganst housing

Mominal cutside| Singl= plans &7 He H7 Jé i Js7 K&
siemater ot [T O Bl g T et | iy Pt Il It | i Eocaing | i airng| ey By

E=axing devigtion

- s = = e Sl T e S

mm
ower  incl | high  low
& o o -8 AL~ 8L 0~ 171 0~ 23L 4T~ 13L FT~16L AT~ 1550 JT~10L
10 8 o -8 &L~ 320 0~ 1%L O~ 25L AT~ 14L 8T~ 18L 9T~ 171 9T-10L
18 a0 o] -2 L~ 371 0~ 221 O~ 30L AT~ 17L ST~ 21L 10.5T ~ 1950 MNT=11L
20 20 8] -1 FL~ 45L 0~ 271 O~ 3aL &7~ 21L 1T~ 251 12.5T~ 23.5L 13T~ 140
0 80 o 13 10L~ 53L 0~ 321 O~ 43L &~ 26L 12T~ 3L 15T~ 28L 15T~ 171
80 120 8] 15 121~ &2L 0~ 371 O~ 0L &7~ 3L 13T~ 37L 17.5T~ 32.5L 18T~ 191
120 140 o 8 14~ 721 0~ 43L O~ S8l T~ 38L 14T~ 441 20T~38L | 21T~22L
150 180 o 25 14L~ 79L 0~ 0L O~ &5L T~ 43L 14T~ 51L 20T~ 45L | 21T~29L
180 2s0 o] -3 150~ 2L 0~ 591 O~ 7aL T~ &2L 16T~ &0L 23T~ 531 | 24T~ 35L
250 315 o 25 170~ 1040 0~ &7l O~ 87L T~ &0L 16T~ 7L 28T~ &1L | 27T~ 400
35 4m 8] A0 18L~ 115L 0~ 7&L 0~ 97L T~ &9L 18T~ 721 | DBST~6B.5L | 29T~ 470
400 500 o] 45 0L~ 128l 0~ @50 0~ 108l 7T~ 78L 20T~88L | 31.5T~ 7650 | 32T~ 53L

1Tote: T = tight L = loasze

14



AUTOMATION TECHNOLOGY

{Unit o)
jst k5 k& ms mé e =23 14 Mormind bore
bearng sof | beoing shoM | beoing shofl | bearing shofl | bewing shoft | bearng shof | beaing shofl | beaing shat | diamederof
b= cring
ﬂF £E fl]:l_ L”II uIi I“u uli UIII s
mm
over  incl
12T~ 4L 14T~ 1T 17T~ 1T 17T~ 4T WT~ 4T 24T~ BT :|T~ 12T = 3 &
12.5T~ 450 15T~ 1T 18T~ 1T 20T~ &aT Z3AT~&T 27T~ 107 32T~ 15T = -1 a
13.5T~ 5.50 17T~ 17 20T~ 17 23T~ T 26T~ 7T 3T~ 12T 37T~ 18T — 10 a8
16.5T ~ &.50 21T~ IT 25T~ 2T 27T~ BT 3N T~8T 38T~ 18T 45T~ 22T — a8 30
20T~ 8L 25T~ IT 30T~ 2T AT~ 9T T~ 9T 45T~ 17T 54T~ 26T - = s0
24.5T~ 250 0T~ 2T 36T~ 2T 39T~ 1T 45T~ 11T 54T~ 207 &aT~ 32T - =) a0
31T~11L AT~ 3T 45T~ 2T 48T~ 13T S5T~ 13T &5~ 23T 2T~ 37T s =] 120
13T~ a3T 120 140
378T~12.5L 45T~ 3T 53T~ 3T 58T~ 15T &5T~ 15T FIT~27T 3T~ 43T 1157~ &5T 140 1a0
18T~ 68T 150 180
126T~ 77T 180 00
44.5T ~ 1450 54T~ 4T &3T~ 4T a7~ 17T F&T~ 17T 20T~ 31T 1097~ 50T 135T ~ 80T a0 225
143T ~ 84T 225 250
161T~ 247 250 B0
ST ~ lal &2T~ 4T T1Tw 4T FET ~ 207 87T~ 20T 1017~ 34T 1237~ 54T TEepea _-— i
84T ~ 108T 315 355
58T ~ 8L ST~ 4T 80T~ 4T BaT~ 21T 9T~ 21T 13T~ 37T 12387~ a2T 1907 = 1147 285 o0
21T ~ 1267 | 400 450
&5T ~ 2L TIT~ 58T SOT~ 4T PAT~ 23T 108T ~ 23T 1257 ~ 407 153T~ 88T 17T ~ 1397 40 a0
{Unit prm)
KT M7 N7 P Mominal cu kide
housing bearing |howing bewing | housing beaing| housing beaing| diometer of
b=axing
i | | | |
mm
over  incl
107~ 13L 15T~8L 19T~ 4L 24T~ 1L -1 a
12T~ 14L 18T~8L 23T~ 3L 29T~ 3L 1a a8
15T~ 15L 21T~9L 28T~ 2L 35T~ 5L 8 30
187~ 18L 25T~ 11L AT~ 3L 42T~ sl 20 50
21T~ 221 30T~ 13L I~ 4L S2T~8L A0 a0
25T~ 251 38T~ 15L 45T~ 5L 59T~ 9L a0 120
BT~ 30L 407~ 18L 52T~ &L &8T- 10L 120 150
28T~ 37L 407 ~ 25L 52T~ 13L &8T ~ 3L 150 180
3T~ 43L 45T ~ 30L &0T ~ 180 T9T~ 3L 180 250
3&T~51L S2T -~ 35L &&T~ 210 g8~ 1L 280 s
40T~ 57L S7T ~ 0L TIAT~ 24 P8~ 1L 315 400
45T~ &3L &3T ~ 451 80T ~ 28L 108T~0 400 s00




