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Theme 5: Fits and tolerances for rolling bearing

Lecture plan:

General information about rolling bearing.
Rationing of the accuracy for a rolling bearing.
Choice of fits for races.

Designhation of the race fits in assembler drawing.



General information about rolling bearing

Rolling bearings are universal units in which set the parts. They intended for support of
rotating elements and works under conditions of predominant of rolling friction.

For the first time in the world the production of frictionless bearings was organized in
Germany at 1883. And at the same time in USA. In Russia the first workshop was
created at 1916, but the first trade plant was build at 1932 in Moscow.

Shafts are inserted in the rolling bearings and placed in the body of reducer.



General information about rolling bearing

Operability of rolling bearings is highly dependent on the quality of the materials from
which they are made, on the accuracy of their manufacture, of the type of their
connection to mating parts and operating conditions.

Ball single-row bearing

Roll double-row bearing

1- outer race; B —width of the bearing;
2— inner race; d — fit diameter of the inner race;
3— cage; D — fit diameter of the outer race.

4— element of rolling

Rolling bearing must ensure the accuracy and uniformity of rotation of the moving parts of
machines and devices, and also to have a high durability.
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General information about rolling bearing

Rolling elements can be balls, cylindrical rollers, needle rollers, tapered rollers or barrel
rollers. The rolling elements are generally guided by a cage that keeps them at a
uniform distance from each other and prevents them coming into contact with each
other. In needle roller bearings and rib less spherical roller bearings, the cage also
ensures that the rolling element axis is positioned correctly. Where bearings can be
dismantled, the cage holds the rolling elements together and gives easier fitting of the
bearings. For particular applications, rolling bearings with a full complement of balls,
cylindrical rollers or needle rollers may be used.

D max min

Outer race of rolling bearing



Rationing of the accuracy for a rolling bearing
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Symbols for Boundary Dimensions and Running Accuracy

Brg bore dia., nominal

Deviation of a single bore dia.

Single plane mean bore dia. deviation
Bore dia. Variation in a single radial plane
Mean bore dia. Variation

Inner ring width, nominal
Deviation of a single inner ring width
Inner ring width variation

Radial runout of assembles brg inner ring
inner ring reference face (backface, where
applicable) runout with bore

Assembled brg inner ring face (back face)
runout with raceway

Raceway to backface thickness variation
of thrust brg

Brg width, nominal
Deviation of the actual brg width

D

Aps
dﬂmp
Vo

Brg outside dia., nominal

Deviation of a single outside dia.

Single plane mean outside dia. Deviation
Outside dia. Variation in a single radial
plane

Mean outside dia. Variation

Outer ring width, nominal
Deviation of a single outer ring width
Outer ring width variation

Radial runout of assembled brg outer ring
Variation of brg outside surface generatrix

inclination with outer ring reference face
(backface)
Assembled brg outer ring face (backface)

runout with raceway
T

—C




Table 8. 1 Bearing Types and Tolerance Classes

Bearing Types Applicable Tolerance Classes h—'?gll'ﬂglg He;:rgigce
Deep Groove Ball Bearings MNormal Class 6 Clas=z § Clas= 4 Class 2
Angular Contact Ball Bearings MNormal Class 6 Clas=z § Clas= 4 Class 2
- - &
Self-Aligning Ball Bearings Normal | esafS§8y | ectbsient _ — Table | AgO
8.2 | toA63
Cylindrical Roller Bearings Normal | Class6 Class 5 Class 4 Class 2
e ypay carings Normal | Class6 | Class5 | Class4 —
Spherical Roller Bearings MNormal Clazs 6 Clasz § —_— —_—
Metric Normal Table | AB4
Tﬁgﬁ':rﬂ Design Class 6X - Class 5 Class 4 — 83 | toA67
0 CLASS4 | CLASS2 | CLASS3 | CLASSO | CIASS00 | 84 |andA89
Magneto Bearings Normal | Class6 | Classs — — | e | AN
Thrust Ball Bearings Normal | Class6 | Class5 | Class4 — | TEhe | A,
Spherical Thrust Roller Bearings ~ Normal - — — — | Tabe | s
JIS(®) Class 0 Class 6 Class 5 Class 4 Class 2 —_ —_
£
g; DIN(?) PO P6 PS P4 P2 - | =
2
4 Ball ABECS5 | ABEC7 | ABECYO | Table
EE Bearings  MBEC1 | ABECS3 | (f1ASSAp) | (CLASS 7P) | (CLASS 9F) 82 &.i%aa
mE dihle
S| ABMAP) | Bemings | RBEC1 | RBEC3 | RBECS — — 8.8 ) |and A77)
= Tapered Roller Table] | (ABS
Bearings  CLASS4 | CLASS2 | CLASS3 | CLASSO | CLASS00 | ['3%°] |ang heo)

Notes (") JIS: Japanese Industrial Standards
(*) ANSI/ABMA : The American Bearing Manufacturers Association
Remarks The permissible limit of chamfer dimensions shall conform to Table 8.9 (Page A78), and the tolerances and permissible
tapered bore diameters shall conform to Table 8.10 (Page A80).

() DINM : Deutsch Industrie Norm



Tolerances for radial bearing

d dmp H d ds {EJ
Nominal Bore Diameter
d Class 4
(mm) Normal Class 6 Class 5 Class 4 Class 2 D&Tiger Class 2
0,123 4
aver incl high low high low high low high  low high low high low [high low
ﬂ'.E{’} 25 0 — B 0 - 7 0 — B 0 — 4 0 —25 Q — 4 0 —25
2.5 10 Q — B ] - 7 0 — B Q — 4 0 2.5 Q — 4 ] —25
10 18 0 — B8 0 - 7 0 — B 0 — 4 0 —2.5 0 — 4 1] —2.5
18 30 Q — 10 ] — 8 0 — B Q — 5 0 2.5 Q — 5§ ] —25
30 50 Q - 12 ] —10 0 — 8 Q — B 0 2.5 Q — B 0 —2.5
50 80 0 — 15 0 —12 0 — 9 0 -7 0 —d 0 -7 1] —d
80 120 0o —-20 (0o -1 |0 -0 |0 -8 |0 -5 0 -8 |0 -5
120 150 0 — 25 0 —18 0 —13 0 —10 0 —7 0 —10 1] —7
150 180 Q — 25 0 —18 0 —13 Q —10 0 —7 Q —10 0 —7
180 250 Q — 30 ] —22 0 —15 Q —12 0 —8 Q —12 ] —8
250 315 0 — 35 0 —25 0 —18 — — — — — - — —
315 400 Q — 40 ] —30 0 —23 — — — — — - — —
400 500 0 — 45 0 —35 — — — — — — — — — —
500 630 0 -5 |0 -4 |- - - - - = - - |- -
630 800 0o -7 |- - - - - - - = - - |- -
800 1000 o -w¢ |- - |- - |- - |- - - - |- =
1000 1250 0 —125 |- - - - - - - = - - |- -
1250 1600 o - |- - |- - |- - |- - - - |- =
1 600 2 000 0 —200 |- - - - - - - - = —




Tolerances for radial bearing

Vo () Vo )
Normal Class 6 Class 5 Class 4 Class 2
. : , : Diameter Diameter | Diameter Class | Class | Class
Diameter Series Diameter Series Series Sarles Series |Normal) T 5 4
9 |01 (234 9 |01 (234 9 (01234 9 [01,234]01234
max. max. max. max. Mmax. | max. | max. | max. | max max.
10 8 B 9 7 5 5 4 4 3 25 6 5 3 2 1.5
10 8 B 9 7 5 5 4 4 3 25 6 5 3 2 15
10 8 6 9 7 5 5 4 4 3 25 6 5 3 2 15
13 10 8 10 8 6 6 5 5 4 2.5 8 6 3 25 1.5
15 12 9 13 10 8 8 6 B 5 25 9 8 4 3 15
13 19 11 15 15 9 9 7 7 5 - 11 9 5 3.5 2
25 25 15 19 19 11 10 8 8 6 5 15 11 5 4 25
31 31 19 23 23 14 13 10 10 8 7 19 14 7 b 3.5
31 31 19 23 23 14 13 10 10 8 7 19 14 7 5 35
38 38 23 28 28 17 15 12 12 9 8 23 17 8 6 4
e - 26 31 31 19 18 14 - - - 26 19 9 -
50 50 30 38 38 23 23 18 - - - 30 23 12 -
56 b6 34 = - 26 - - - - - 34 26 - -
63 63 38 50 50 30 - - - - - 38 30 - -




Tolerances for radial bearing

-d Ha {ﬂfd L‘sﬂj} FHs {m FL‘s}
Single Bearing Combined Bearings (*) ll:ll::}g: E:ﬂgﬁ;& Inner Ring
MNormal Class 5 s Normal Class 5 s ! Class | Class | Class | Class
Class 6 Class 4 Clags 2 Class 6 Class 4 Class2 | Normal| ™™ | =5 | =4 2
high low high low [high low |high low |high low [high low max. | max. | max. | max. max.
o - 4|0 —4f|0o —-4a|- - |0 -2s0|0 -280| 12 | 12 5 | 25 1.5
0 —120|0 —40|0 —40|0 —250|0 -250|0 —-250| 15 | 15 5 | 25 1.5
0 —120|0 —8 |0 —8 |0 -250|0 -250|0 -250| 20 | 20 5 | 25 1.5
o —120( 0 2O (0 —120 |0 —250 |0 250 | 0 -—250 20 20 5 25 1.5
o —120 |0 —4120(0 =120, 0 20| 0 280 | 0 —250 20 20 5 3 1.5
o — 180 |0 =00 =150, 0 —3BO |0 -—250 | 0 250 25 25 B 4 1.5
o — 2000 —200(0 200,90 —3BO |0 -—38B0)|O0 —3B0 25 25 7 4 2.5
O — 280 (0 250 (0 —260 |0 —HOO | O —3B0 | O —380 20 30 a b 25
o — 280 |0 2500 250 0 —HOO | O -—380 | 0 —380 30 30 8 3] 4
o — 30 |0 —300O(0 —300,0 —HOO|O0 -—GBOO|O -—5OO 30 30 10 5] B
0 — 380 |0 3RO | -— — 0 —G0o0o | 0 500 | - — 35 35 13 — —
O — 400 (O =400 | — - 0 —630 | 0 —630 | — - 40 40 15 - —
0 — 48D | — — - — - — — — - — 50 45 — — —
o -s0|- - |- — |- - |- - |- - 60 | 50 | — — -
0 -7 |- - |- - |- - |- - |- - 70| - | - — -
0 —-1000 |- - |- — |- - |- = |- - g0 | — | - - -
o —-120 |- - |- — |- - |- - |- = |w]|-|-1] - -
o —-160 |- - |- — |- - |- - |- = || -|-1] - -
o —2000 |- - |- — |- — |- — |- — |1 | - | - | - —

Notes (') 0.6mm is included in the group.
(*) Applicable to bearings with cylindrical bores.
(*) Tolerance for width deviation and tolerance limits for the width variation of the outer ring should be the same bearing.
Tolerances for the width variation of the outer ring of Class 5, 4, and 2 are shown in Table 8.2.2.
(*) Applicablz to individual rings manufactured for combined bearings.
(*) Applicable to ball bearings such as deep groove ball bearings, angular contact ball bearings, etc.



Tolerances for radial bearing

Units : pm
K. S, 5.0
" . MNominal Bore Diameter
d
Normal | Class 6 | Class 5 | Class 4 | Class 2 | Class 5 | Class 4 | Class 2 | Class 5 | Class 4 | Class 2 (mm})
max. Max. mdax. Max. Mmidx max. M. Max. M. M. max OvEr incl
10 b 4 25 1.5 7 3 1.5 7 3 1.5 ﬂ.E{':I- 25
10 G 4 2.5 1.5 7 3 1.5 7 3 1.5 25 10
10 7 4 25 1.5 7 3 1.5 7 3 1.5 10 18
13 8 4 3 2.5 8 4 1.5 8 4 25 18 30
15 10 LY 4 25 8 4 1.5 8 4 25 30 50
20 10 b 4 2.5 8 b 1.5 8 b 25 50 80
25 13 6 L 25 9 B 25 g B 25 80 120
30 18 8 B 2.5 10 G 2.5 10 7 25 120 150
30 18 8 G b 10 G 4 10 7 L5 150 180
40 20 10 8 b 11 7 h 13 8 L7 180 250
50 25 13 — — 13 — — 15 — — 250 315
G0 30 15 — — 15 — — 20 — — 315 400
65 35 — - - — - — - — — 400 500
70 40 — — — — — — — — — 500 630
20 — — — — — — — — — — 630 800
90 — — — — — — — — — — 800 1 000
100 = = = = = = = = = = 1000 1250
120 - - - - - - - - - - 1250 1600
140 - — - - — - — - = = 1600 2 000

Remarks 1. The cylindrical bore diameter "no-go side® tolerance limit (high) specified in this table does not necessarily apply
within a distance of 1.2 times the chamfer dimension # (max.) from the ring face.
2. ABMA Std 20-9ss: ABEC1-RBEC1, ABEC3-RBEC3, ABEC5-REECS5, ABEC7-RBEC7, and ABEC9-RBECY
are equivalent to Classes Normal, 6, 5, 4, and 2 respectively.



Choice of fits for races

Table 9.1 Loading Conditions and Fits

_— Bearing Operation Load Fitting
Lnad Application Inner Ring Outer Ring Conditions Inner Ring Outer Ring
o O
= = e = e = e Rotatin Stationa
-P_ 1 -d- ¢ v Rotating
o) e Inner Ring
Statlonary Load
[Load] Rotating Tight Fit Loose Fit
Stationary
'E Eﬂ Outer Ring
| I Stationary Rotating Load
e
= =
[ Stationary Rotating Rotating
%=U Cuter Hll'l-g
Load
[Load]statignary Loose Fit Tight Fit
Stationary
Inner Ring
E 10} Load
—%L- — d— Rotating Stationary
O [
Rotating
Direction of load indeterminate due to Rotating or Rotating or Direction of Load Tiaht Fit Tiaht Fit
variation of direction or unbalanced load Stationary Stationary Indeterminate g g




Choice of fits for races

1. Stationary loading
2. Rotation loading
3. Fluctuation loading

Stationary loading of outer race and rotation Stationary loading of the inner race and
loading of the inner race rotation loading of the outer race



Table 9.2 Fits of Radial Bearings with Shafts

Shatt Diamater ()
Load Canditions Examiphes Ball Brgs lmgrl%i ﬁﬂff Spherical Roller '.'#Bs';f Remarks
?ﬂiarﬁ Brgs
Radial Bearings with Cylindrical Bores
aulal Wheels on LUse g5
g5 and b5 whera
n %EWJE&n Stationary gb BCCUTACY b reguind.
Rotating rabié. Aules In case of large
Outer == Al 5hatt Diameters bearings, 16 can ba
Ring Load Eﬁm mentgf | Tenska Pulle '
magﬁ.ﬂmﬂ pe & L b6 unaum::twm'rmaj
o Hmmm:r <18 — — #£3
Light Loads Appliancas Pumps, _
or Variable nm& Transpor 1810 100 <40 — =56
Loads ‘ehicles, Precis 40 to 14a — kb
(< ODSE) Machinery, 100 to 200
Mtachina Tools —_ 140 to 200 — mb
<18 — — o b P ar
mm" 18 1o 100 <40 <40 L T T ——
ibadiem and 100 o 140 40 to 100 40 1o &5 m5 or mb  Used for single-row
F'I:umr;r Large Motors d tapered rolier
lpag |10-061t0 0.13C()) | Engine 200 to 280 140 to 200 100 to 140 nbi mﬂ*ﬂl‘” contact
Inceterminate MMII ' — 200 to 400 140 1o 250 p  instead of kS5 and
e I I T N
— — over 500 7
Aeshwey Axdebouss, — 50 ta 140 50 1o 100 b
T e e W T I T =
or Shock Loads | ¢ irecsion 200 40 o 200 chearance i
[=003C1) Enuigment — over 140 1o i ncesgary
Crusrers — — 200 to 500 7
Azigl Loads Ony All Shatt Diameters 56 (G —
Radizl Bearings with Tapared Bores and Sleeves
Gemaral beanng [T5and [T7 mean (hat
mmi ha/TTS  the deviasion of Be shaft
Halebiyes fram its: true
All Types of Loading T : All Shaft Dizmeters %ﬂn.t .mﬁmd
Woosmoriing h10/TI7 hin the lokrances of
Spandkes nd T17

Nole (7} C; represents the basic load rating of the bearing.
Remarks This table is applicable only to sofid steal shafts.



Table 9.4 Fils ol Radial Bearings wilh Housings

Tolerancas far &dzl Displacament

Load Conditions Examples Howsing Bores ot Outer Ring Remarks
T | e,
ey Shock Loads %ﬁ Is
Rotating | Mormal or Heavy oty Hubs
L g v |
Lt Comveyor Rodiars
LLight or Variable
Solid Loads Fope Sheaves M3
Housings Tersion Pulleys
Heawy mhock Loads Traction Maotors
i axial dsplacement of
Hormal or Heawy Pumps Generally
ircion ot | L oas Erankshatt Main i Impossiole | 1 S rng s not
Bearnimgs
dm’
Medium and Large fodal desplacement of
me or Light Motars sTan Possible puler fing ks
MECESSAry.
Enlid or enesal Beanng
St Loads of AN kinds m H
Howusangs Bormal or Light
Rl L Plummer Blocks Ha Ely _
Rotating [ High T Fize
IrnerFuEg Elku TEnzegh Paper Dryers 7
Load  fe—
g:mmmnmr
Higs Centritugal 508 Paszible -
Accurate Running m«rm
Desirable under
et | Lol T Erindig Seinde Froet For haavy boads,
Load : ﬁ“@ Centrifugal K8 Fmﬂﬂ"!-'h intesterence fit tighter
lrimnim ess0r Fed mpossa than K 5 ussd.
Solkd Housi mﬁ When high acouracy (s
ired, very sbrict
Accurate Awnning and | Cylindrical Raller required, very
High Figidity Desirable | Bearings for Maching M6 o N6 impossinle | IolEfances should be
Rotating | under Variable Loads Tool Spindle reing.
Inner Fting
Load Mindmum nosse fs Electrical Home
required. fpplances Eif mlﬂu -

Remarks This Eable is applicabls 1o cast inon and steel housings. For housings made of light allays, the interference should be
figher than thase in this tablea.



9.2 Bearing Internal Clearances
9.2.1 Internal Clearances and Their Standards

The internal clearance in rolling bearings in operation
greatly influences bearing performance including
fatigue life, vibration, noise, heart-generation, etc.
Consequently, the selection of the proper internal
clearance is one of the most important tasks when
choosing a bearing after the type and size have been
determined.

This bearing internal clearance is the combined
clearances between the inner/outer rings and rolling
elements. The radial and axial clearances are defined
as the total amount that one ring can be displaced
relative to the other in the radial and axial directions
respectively (Fig. 9.1).

|

ﬁ?’

e
T

(¢

Badial Clearance Axial Clearance

Table 9.8 Bearing Internal Clearance

Table 9.9 Radial Internal Clearances in

Deep Groove Ball Bearings

Units : pm
Mominal Bore Clearance
Diamigter
d (mm) C2 CN 3 Cd 5

OVET incl  min. mac | min omec | omdn. ma | mine ma | min, max
10 only o 7 2 13 B 23 14 23| 20 37
10 18 o 9 3 18 11 25 18 33 ZB 45
18 24 o 10 5 20 13 28 20 38 Z8 48
24 30 1T 1 5 20 13 2B 23 4 30 53
30 40 1 11 B 20 15 33 Z8 48 40 B4
40 50 1 11 B 23 18 36 30 51 48 T3
50 B 1 15 B I8 Z3 43 28 81 55 90
B5 B0 1 15 10 30 ZB Bl 46 71 BB 105
B0 100 1 18 12 36 30 B8 53 B4 s 120
100 120 2 20 15 4 36 B6| 61 97| 90 140
120 140 2 23 18 48 41 81 T1 114 | 105 160D
140 160 2 23 18 B3 48 9 81 130 120 180
160 180 2 25| 20 B 53 102 91 147 (135 Z00
180 200 2 30| 2m M 63 117 | 107 163 | 150 230
200 225 2 35 ZB Bh 75 140 125 195 | 176 265
225 250 2 40 30 585 85 180 | 145 225 | 205 300
250 ZBD 2 45 35 108 80 170 | 155 245 | 225 340
280 315 2 Bh 40 115 100 180 [ 178 270 | 245 370
315 355 3 B0 45 125 110 210 195 300 | 275 410
355 400 3 70 55 145 130 240 | 225 340 | 315 460
400 450 3 B0 B0 170 ) 150 270 | 250 380 | 350 510
450 500 3 90| 70 120) 170 300 | 280 420 390 570
500 560 10 100 80 Z10 ) 190 330 310 470 | 440 G630
560 B30 10 1140 90 230 210 360 | 340 520 | 490 G20
630 710 20 130 | 110 280 | 240 40D | 380 570 | 540 7FE0
710 800 20 140 | 120 220 | 270 450 | 430 630 | GO0 B4D

Remarks To obtain the measured values, use the clearance correction for
radial clearance increase caused by the measuring load in the

table below.

For the C2 clearance class, the smaller value should be used for
bearings with minimum clearance and the larger value for
bearings near the maximum clearance range.



A : Effective Clearance

to temperature difference
between inner and outer rings

A=A - 8¢
_ 04 : Decrease in clearance due
Quter ring ’_ to fit between outer ring
1 and housing bore
------------------------- ‘ \\ ! (=ADe)
T _\i ] T 4t Ay Ay - Theoretical internal
------------------- 1 clearance
: / — (Geometrical
h clearance)
Roller /
/ A ¢:Residual clearance
Af=AD—5ft'—3fe
—dy; : Decrease in clearance
, due to fit between
. inner ring and shaft (=4D;)
A 77 Y —d, - Decrease in clearance due
= o

777

Fig. 9.2 Changes in Radial Internal Clearance of Bearings



Table 9. 19 Examples of Clearances for Specific
Applications

Operating Conditions

Examples

Internal
Clearance

When shaft deflection is
large.

Semi-floating rear
wheels of automobiles

C5 or equivalent

Dryers in paper making

When steam passes machines C3.C4
through hollow shafts or .
roller shafts are heated. TE'II}I!SE rollers for rolling C3
mi
Traction motors for C4
Wﬁen impact loads and railways _—
vibration are severe or \Vibrati y
when both the inner and I Ira e E'.:re o
outer rings are tight- Fluid couplings C4
fitted. Final reduction gears for ci

tractors

When both the inner and
outer rings are loose-
fitted

Rolling mill roll necks

C2 or equivalent

When noise and vibration

Small motors with

restrictions are severe special specifications C1,C2,CM
When clearance is
adjusted after mounting Main shafts of lathes cee. CCl

to prevent sharft
deflection, &ic.
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Designation of the race fits in assembler drawing

@50 L0/js6 or @50 LO - js6.

@90 H7/10 or @90 H7 - 10.

5 2
-2 -
3 2
N Y - " TR I A S I .
= =
ol =3
=t )
L
Designation of the fit for the inner race with the shaft Designation of the fit for outer race with the housing in

in assembly drawing assembly drawing



Thank you for attention



