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Bearing retention and clearane

Bearing retention

Radial retention

The bearing rings must be assembled with the mounting elements (shaft and housing) such
that they become an integral part of them. The means of connection must prevent any relative
movement of the rings on their seat under the radial and axial loads, while maintaining the
precision of the bearing, its operating clearance, its limit loads, speed, temperature, etc.

Under the action of the radial load, one of the two rings of a rotating bearing is "rolled" between
the rolling elements and its seat, and tends to turn on it. This relative displacement must be
prevented to avoid wearing of the seat (bearing hardness: 62 HRC).

M General rule

The ring that rotates with respect to the load direction must be press fitted on its seat.

Analysis of rotation (cases frequency) Retention principle

Stationary housing and load Rotating housing and load
(95 %) (0.05 %)
N

with respect
to the inner ring

Outer ring rotating

Outer ring stationary

Load stationary Inner ring
with respect interference-fitted
to the outer ring on shaft
Rotating inner ring Stationary inner ring
Stationary shaft and load Rotating shaft and load
(3 %) (1.5 %)
— N
Load stationary QOuter ring

interference-fitted
in the housing

The bearing rings are usually retained with an interference fit. Other methods of retention do
exist as: adapter sleeves (see page 139), eccentric locking collars or set screw on inner ring,
gluing, etc. The seat fits are chosen from Standard ISO 286 according to the bearing operat-
ing criteria.



Axial retention

The bearings secure the axial positioning of the rotating part of a component with respect
to the stationary part.

=>» Positioning of single bearing assemblies

B Retention of bearing assemblies requires one bearing to float axially to prevent stresses
due to thermal expansion

Radial interference predominant on inner ring Radial interference predominant on outer ring

e |nterference

Stationary ) the bearing must be positioned by the axial retention of the inner ring and
bearing F the outer ring

) possible bearing types

o ] “—
——

Floating b only the tight fitted ring is axially held, the other is loose
bearing L ) possible bearing types
» -~
—
Floating b with cylindrical roller bearings type N or NU, in which axial mobility is
bearing L1 ensured by the bearing itself, the two bearing rings are retained

) possible bearing types

B Fixed assembly with two bearings

The fixed assembly may be made up of two associated bearings, depending on the assembly
specifications.

D) SNE)
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Bearing retention (continued)

=> Positioning of two bearing assemblies

B The principle of this assembly is to have one assembly limiting axial displacement of the shaft
in one axial direction, while the other assembly limits it in the opposite direction.

This implies that one of the bearing rings must be free to move axially on its seat to permit assem-
bly. The operating axial displacement then depends on the axial adjustment of the relative position
of the inner rings with respect to the outer rings.

Types Predominant radial interference Predominant radial interference

of bearings on inner ring on outer ring

Adjustment

Adjustment

= o)

Example of an "X" assembly arrangement Example of an "0" assembly arrangement

H e |nterference

B Radial contact bearings

This type of assembly can be used with the various types of radial contact bearings: ball bear-
ings, cylindrical roller bearings, self-aligning and spherical bearings. A minimum axial displace-
ment must apply, which varies according to the types of assembly.

Axial displacement Axial displacement




B Angular contact bearings

Angular contact bearings get their rigidity through their fitting. They have to be adjusted to
secure the relative positioning and the operating clearance.

Two types of assembly are possible:

Face-to-face assembly (O): the points of
load application are located outside the
bearings.

De

Back-to-back assembly (X): the points of
load application are located between the
bearings.

«— Adjustment

Axial retention processes

M Inner ring

Nut and washer

Cylindrical seat. Tapered seat, therefore
Tight fit against shoulder. bearing with tapered bore.

Preferential direction of axial
thrust (=).

Snap ring

Easy and fast to fit, occu- A thrust washer must be

pies little space. installed between the inner
ring and the snap ring if axial
load is high.

) SNE)



Bearing retention

Bearing retention (continued)

Adjusting ring
Reserved for shaft ends.

Press fit ring
Preferential direction of axial thrust (=).

The ring has to be destroyed to remove the
bearing.

Sleeve

Preferential direction of axial thrust (=).

Does not need precise machining of the shaft.
Above all used for spherical roller bearings.

I.-
»

n
I

0

!
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adapter sleeve

withdrawal sleeve




B Outer ring

Cap

Necessary gap between cap and face of casing.

Snap ring

Easy and quick to mount,
occupies little space.

A thrust washer must be
installed between the outer
ring and the snap ring if axial
load is high.

Note : the snap ring (with or without a thrust washer) can replace a shoulder.

Snap ring built
in the bearing

(type NR bearing)

Necessary gap between
the cap and the face of the
housing.

In the particular case where
the housing is in two parts, the
ring can be installed between
the two parts.

()
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Bearing seats

Bearing tolerances

Under the action of the radial load, one of the two rings of a rotating bearing tends to turn. To
avoid wearing the seat, this relative displacement must be prevented by having an appropriate
fit. The fit of the other ring will allow axial displacement on the seat (adjustment, thermal
expansion).

B Standard precision bearing tolerances

Inner ring Outer ring
Deviation with respect to the nominal Deviation with respect to the nominal
bore diameter

All bearings Tapered Outside All bearings Tapered
except roller diameter except roller
tapered bearings tapered bearings

roller bearings roller bearings

Admp (um) Admp (um) ADmp (pm) ADmp (pm)

max. | min. max. | min. max. | min. max. | min.

25 <d= 10 0 -8 6 <D= 18 0 -8
10 <d< 18 0 -8 0 -12
18 <D= 30 0 -9 0 -12
30 <D= 50 0 -1 0 -14
18 <g= 301 0 | -0 0 | -12 5 <D= 80 | 0 | -13| o0 | -6
30 <d= 50 0 -12 0 -12
50 <d= 80 0 -15 0 -15 80 <D=120 0 -15 0 -18
120 <D=150 0 -18 0 -20
80 <d= 120 0 220 0 220 150 <D= 180 0 -25 0 -25
120 <d=180 | 0 | -25 0 | -5 180 <D=250 | 0 | -30 0 | 30
250 <D= 315 0 -35 0 -35
L 0 | ¥ 0 | 30 | |35 <p<400 | 0 | -40 0 | -40
400 <D= 500 0 -45 0 -45
250 <d= 315 0 -35 0 -35
315 <d= 400 0 -40 0 -40 500 <D= 630 0 -50 0 -50

Other precision classes, see page 23.



Shaft and housing seat tolerances

The shafts are generally machined in tolerances of quality 6 or sometimes 5. The housings,
which are more difficult to machine, are usually in quality 7 or sometimes 6 tolerances.

B Fundamental tolerance values (taken from Standard ISO 286).

Diameter
mm

>3t0 6 5 8 12
>6to 10 6 9 15
>10to 18 8 11 18
>18t0 30 9 13 21
>30to 50 11 16 25
>50t0 80 13 19 30
>80 to 120 15 22 35
>120to 180 18 25 40
>180 to 250 20 29 46
>250 to 315 23 32 52
>315 to 400 25 36 57
>400 to 500 27 40 63

In certain cases, the shape and taper defects in the chosen tolerance interval are unacceptable
because they are detrimental to correct bearing operation. In such cases a smaller tolerance
interval must be adopted.

(%,
(']}
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Bearing seats (continued)

Recommended fits

Analysis Retention
of rotation principle Recon:mended Examples
its
The load turns Electric Electric
with respect to motors motors of
the outer ring Machine tool moderate
Normal spindles General power
loads 6/ k6 Pumps H7 /J7 Pulleys
P<C/5 Fans case Machine-tool
Inner Speed spindles
ring reducers Transmissions
press -
ftted i éi)gg,acement
- on shaft Traction 2:1”3!3:5 G7 /H7 required
High motors (expansion or
loads m6/p6 | Large speed adjustment)
P>C/5 reducer, Cylindrical
compressors | and tapered N7 /P7
roller
\ bearings

The load turns
with respect to
the inner ring

General Idler pulleys | Normal Idler pulleys
= case 96/ h6 Tensioners loads M7 /N7 Tensioners
Wheels P<C/5 Wheels
QOuter
ring
press
fitted in
housin i .
1sing Al Very high Railway
displacement loads equipment
Ring floats required ’
b 16/ 96 . High loads N7 /P7 Heavy-duty
on its seat (expansion with impacts roller
or P>C/5 bearings
adjustment) 9
Bearings
Purel
oo oads | 6716 | and thrust ,
) Bearings
bearings Purely Y
Other cases — X G7/H7 | and thrust
Adapter Transmissions | axial loads bear
ho ) earings
sleeves Agricultural
Equipment

Different choices can be made to take into account various construction and operating factors:
for example, if an assembly is subject to vibration and impact, tighter fits must be considered.

Moreover, the type of mounting and the installation procedure can demand different fits. For
example, the fit adopted for light alloy housings is usually tighter than those normally
specified, to compensate for the differential thermal expansion.

)



The following tables illustrate the fits used most frequently in the mounting of bearings.

Example for an SNR 6305 ball bearing (25x62x17)

B Bearing/housing fit

HOUSING f A
Tolerance in pm
—+ 30
-+ 20
~+10
I Nominal dimension 0 0
“‘ L 10
-13 | 13
—-20
Tolerance
of bearing 30
outside diameter -
N5
- -40
N7
P6
. o — - 50
With clearance Uncertain fit Interference fitP7
Adjustment
B Shaft/bearing fit
. Tolerance in ym
—+ 30
Bearing bore L+ 20
tolerance
Bearing inner ring 10
Nominal dimension 0
0
| Tolerance
I -10
-10
g5 - - 20
a7
— - 30
SHAFT Uncertain fit | Interference fit iy
Adjustment

5
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Bearing seats (continued)

Value of tolerances and fits

The tables on the following pages indicate:
e the tolerance (in pym) on the bore or outside diameter of the bearing (Standard ISO 492)
e the tolerance (in pm) on the seat diameter according to the chosen fit. (Standard ISO 286)

e the differences (in um) between the respective diameters of the bearing and its seat:
- Theoretical values calculated from the extreme bearing and seat tolerance values
- Mean values

- Probable values calculated using the Gauss distribution law. (with a probability of 99.7%)
from the formula:

Probable tol. = [(Bearing tol.)* + (Seat tol.)?]"*

These tables concern all types of bearings except tapered roller bearings. For tapered roller
bearings, use the same calculation procedure but with their specific tolerances.

In practice, one generally only considers the probable tolerance (the risks of error
being limited to 0.3%) to determine a realistic value for the probable clearance
tolerance of a bearing after fitting.



Bl Example

SNR 6305 bearing (25 mm bore).

Fit on shaft k5.

Tolerance Mean Tolerance
mini maxi value interval
0 -5 10

Bearing bore

-10

Shaft tolerance

+2

+11 +6.5 9

e theoretical max. interference
e theoretical min. interference
¢ probable tolerance

¢ probable max. interference

e probable min. interference

e theoretical mean interference =

— (shaft mean val. - bearing mean val.) = - [6,5 - (-5)] = -11,5

— (shaft max. val. — bearing min. val.) = - [11- (-10)] = -21

— (shaft min. val. — bearing max. val.) = — (2-0) = -2

[(bearing tol. interval)? + (shaft tol. interval)? ]2 = (102 + 992 = 13
theoretical mean interference - probable tolerance /2
-11,6-6,5=-18

theoretical mean interference + probable tolerance /2

-11,5+65=-5
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B Fits on shaft for normal class bearings (all bearings except tapered roller bearings)

Bearing retention

ond clearn
LA ... dbihaaiusid

Beal
ezl ﬁtmeer bore t(alerance
(mm)

3 <ds 6 -8 0 | Shafttolerances in ym -1 +
Mean + .5 +10 5 ‘5 +4 -15 -5.5 il
Probable d fference in diameters | +13  +4 | +155 +45 | +7 2495 5|43 -6 +5.5 55| - 1015 125
6 <d< 10 | -8 0 Shaft tolerances in ym A9 3] -2 3] -1 S|4 5|6 0] 9 0]-2 |2 +7
Mean +12 +135 +4 +5.5 -1 +05 -5 6.5
Probable difference in diameters | +17  +7 | +195 +7.5 | +9 A #1158 05 | +4 6| +65 550 -0 -05 -125
10 <ds 18 -8 0 Shaft tolerances in ym 24 16 | -27 16 | -14 6| -17 6| -8 0]-1 0]-3 45 | -3 +8
Mean +16 +17.5 +6 +15 0 +15 4 65
Probable difference in diameters | +21.5+105 | +24.5 +10.5 | +11.5 +0.5 | +145 +05 | +55 -55 | +85 +55 [+05 -105 | 405 -135
18 <ds 30 | 10 0 Shaft tolerances in ym 29 20| -3 -2 -16 720 119 0] -13 0] -4 +5 | -4 +9
Mean +195 +215 +6.5 +8.5 -05 +1.5 -55 75
Probable difference in diameters | +26  +13 | 430  +13 | +13 0| +17 0| +6 L0 T 2] 4 -16
30 <«d< 50 | 12 0 Shaft tolerances in pm 3% 5 |41 25|20 9|5 90|l 0] -16 0|5 +6 | 5 +11
Mean +245 +27 +8.5 +11 0.5 +2 -6.5 9
Probable difference in diameters | +325+165 | +37  +17 | +165 +05 | +21  +1 [ +75 -85 | +12 -8 | +15 -145 | +1 -19
50 <d< 65 150 Shaft tolerances in ym 43 30 |49 30 |-28 -0 )-29 -0 -13 0 -19 07 46 | 7 +12
Mean +29 +32 +9 +12 -1 +2 -7 -10
Probable difference in diameters | +39  +19 | +44  +20 | +19 -1 | 424 049 1|44 0|43 7| +2 22
65 <d< 80 | 15 0 Shaft tolerances in ym 43 30 |49 30 |- -0[-29 -10]-13 0]-19 0|7 +6 | -7 +12
Mean +29 +32 +9 +2 -1 +2 =T -10
Probable difference in diameters | +39  +19 | +44 420 | +19 -1 | +24 0+ 11 [+14 10|43 7|42 22
80 <d< 100 -20 0 Shaft tolerances in pm 51 3% |58 36|27 12| -4 1215 0 -2 09 +6 | 9 +13
Mean +33.5 +37 +95 +13 25 +1 -85 -12
Probable difference in diameters | +46  +21 | 452 422 | +22 -3 | +28 -2 [ +10 15 | +16 -4 | +4 21 | 43 -2
100 <ds 120 -20 0 Shaft tolerances in ym 51 %6 |68 -3 |-27 12| -34 -12]-15 0 -2 0]-9 +6 | 9 +13
Mean +335 +37 +95 +13 25 +1 8.5 -12
Probable difference in diameters | +46  +21 | +52 422 | 422 -3 | 428 -2 | 410 -5 | 416 14 | +4 21 | 43 -2
120 <d< 140 | -25 0 Shaft tolerances in pm 61 43|68 43|-322 -14]-39 -14]-18 0]-2%5 01 +7 -1 +14
Mean +39.5 +43 +10.5 +14 35 0 -105 -14
Probable difference in diameters | +55  +24 | +60.5+255 | +26 -5 | 4315 35 | 412 19 | +175-175 | 45 -26 | +4 -3
140 <ds 160 | -25 0 Shaft tolerances in pm 61 43|68 43|-32 -14]-39 -14]|-18 0]-25 01 47|11 +14
Mean +39.5 +43 +105 +14 S0 0 -10.5 -14
Probable difference in diameters | +65 +24 | +60.5+4255 | +26 -5 | 4315 435 | #1219 | 4175175 | 456 -26 | +4 -3
160 <d< 180 | -25 0 Shaft tolerances in pm 61 43| -68 43 -3 14 -39 -4 -8 0]-2% 0 -1 47|11 414
Mean +39.5 +43 +105 +14 -35 0 -105 -14
Probable difference in diameters | +55  +24 | +60.5+255 | +26 -5 | +315 -35 | +12 19 | +175-175 |45 26 | +4 -3
180 <d= 200 | 30 O Shaft tolerances in ym 0 50 |-79 50 [ -35 15 | -4 15 | -20 0 |-29 0]-13 47 |-13 +16
Mean +45 +49.5 +10 +145 40 0.5 -12 -16.5
Probable difference in diameters | +63  +27 | +70.5+285 | +28 -8 | 4355 -65 | +13 -23 | +205-215 | +6  -30 | +45 -375
200 <ds 225 | 30 0 Shaft tolerances in ym 0 50 |79 50 |35 15 | -4 15 | -0 0]-29 0]-13 47 -3 +16
Mean +45 +49.5 +10 +145 -5 -0.5 -12 -16.5
Probable difference in diameters | +63  +27 | +70.5+285 | +28 -8 | +355 -65 | +13 -23 | 4+205-215 | +6  -30 |+45 -375
225 <ds 250 | 30 0 Shaft tolerances in pm -0 50 [-79 50 |-35 15 | -4 15 | -20 0]-9 0[-13 +7|-13 +16
Mean +45 +49.5 +10 +145 -5 -05 -12 -16.5
Probable d fference in diameters | +63  +27 | +705+285 | +28 -8 | +355 -65 | +13 23 | +205-215 | +6  -30 | +45 -375
250 <ds 280 | 35 0 Shaft tolerances in ym ;19 -5 | -88 56 | -40 17 | -49 17 | -23 0]-3 0-16 47 [-16 +16
Mean +50 +54.5 +11 +15.5 -6 -15 -13 -17.5
Probable difference in diameters | +71  +29 | +78 431 | 432 -10 [ +39 -8 | +15 27 | 4+22 -5 | +8 34 |46 -4
280 <ds 315 | 35 0 Shaft tolerances in pm 19 -5 | -88 56 | -40 17 |49 17 | -23 0 |-32 0]-16  +7 |-16 +16
Mean +50 +54.5 +11 +155 -6 =15 -13 -17.5
Probable difference in diameters | +71  +29 | +78 +31 | +32 -10 | +39 -8 | +15 27 |+2 25 |+8 34 |+6 -4
315 <d< 400 | 40 0 Shaft tolerances in pm 87 62|98 62| -43 18 -4 18 -2 0 ]-3 018 47 [-18 +18
Mean +57 +62.5 +13 +185 -5 -05 -12 -175
Probable difference in diameters | +79  +35 | +88 +37 | +35 -9 | +44 -7 | 417 27 | 426 25 | 410 -34 |48 43
400 <d< 500 | 45 0 Shaft tolerances in ym 95 68 | -108 -68 | -47 20 | -60 -20 | -27 0 | -40 020 +7[-20 +20
ean +64 +70.5 +16 +22.5 -4 +2.5 -1 -17.5
Probable difference in diameters | +86 +42 | +97 +44 | 38 6 | +49 -4 | +18 26 | +29 24 [+11 33 |49 -4
500 <d< 630 | 50 0 Shaft tolerances in_ym 120 -76 66 22 | -3 0] -4 0
Wean +805 +265 45 +45
Probable difference in diameters +109 452 +55 2 [ +22 25 | 433 -4
630 <d< 800 | -75 0 Shaft tolerances in pm 130 -80 4 4| -3% 0 |-50 0
Mean +87.5 +31.5 +0.5 +15
Probable difference in diameters +118 457 462 41| +26 25 | +38 -2

1. A negative value denotes an interference fit and a positive value a loose fit
2. The probable fit values are calculated on the assumption that the statistical distribution of the dimensions within the tolerances follows a "normal"
law (Gauss distribution law)
3. Bearing tolerances and fits: values in microns (um)
4. 'V The most common fits
@)



B Fits on shaft for normal class bearings (all bearings except tapered roller bearings)

dlameter ol shaﬂ

<ds 6 Shaﬂtulerancesm im +12 +17 +12 +20
Mear = -105 -M 8.5
Prohabledlfferencelndlameters -3 12 -35 -145 -6 -15 -65 175 -0 -19 -105 21.5 -14 -23 -145255
6 <d< 10 | -8 0 Shaft tolerances in ym #1 47 [+1 +10 |48 412 [+6  +15 [ +10 +16 | +10 +19 [+15 +21 | +15 +24
Mean -8 -9.5 -13 -14.5 -17 -18.5 -22 -23.5
Probable difference in diameters | -3 -13 | -3.5-15.5 | -8 -18 |-8.5-20.5 |-12 -22 |-12.5-24.5|-17 -27 | -17.5-29.5
10 <ds 18 | -8 0 Shaft tolerances in ym +1 49 [+1 +12 [+7 415 [+7  +18 [ +12 +20 | +12 +23 |+18 +26 |+18 +29
Mean -9 -10.5 -158 -16.5 -20 -21.5 -26 -21.5
Probable difference in diameters | -3.5 -14.5 | -3.5-17.5 | -9.5 -20.5 | -9.5 -23.5 | -14.5-25.5 | -14.5-28.5 | -20.5-31.5 | -20.5-34.5
18 <d< 30 | -10 0 Shaft tolerances in ym 42 411 [+2  +15 |48 417 [ +8 421 | +15 +24 | +15 +28 [ +22 +31 | +22 +35
Mean -11.5 -18.5 -17.5 -19.5 -24.5 -26.5 -31.5 -33.5
Probable difference in diameters | -5  -18 [-5  -22 |-11 -24 |-11 -28 |-18 -31 |-18 -35|-25 -38 |-25 -42
30 <ds 50 120 Shaft tolerances in pm 42 +13 [ +2  +18 [ +9 420 [ +9 425 | +17 +28 | +17 +33 | 426 +37 [ +26 +42
Mean -13.5 -16 -20.5 -23 -28.5 -31 -37.5 -40
Probable difference in diameters | -5.5 -21.5 | -6 -26 | -12.5-28.5 | -13  -33 | -20.5-36.5 | -21 -41 | -29.5-45.5 | -30 -50
50 <ds 65 150 Shaft tolerances in pm +2  +15 |+2  +21 | +11 +24 [+11 +30 [+20 +33 | +20 +39 | +32 +45 | +32 +51
Mean -16 -19 -25 -28 -34 -37 -46 -49
Probable difference in diameters | -6~ -26 | -7 -31 |-15 -35 |-16 -40 |-24 -44 |-25 -49 |-36 -56 |-37 -61
65 <d< 80 | -15 0 Shaft tolerances in pm +2 415 |42 +21 [+11 +24 [+11 +30 |+20 +33 |[+20 +39 [+32 +45 |+32 +51
Mean -16 -19 -25 -28 -34 -37 -46 -49
Probable difference in diameters | -6 -26 |-7  -31 |-15 -35 |-16 -40 |-24 -44 |-25 -49 |-36 -56 |-37 -61
80 <d< 100 -20 0 Shaft tolerances in pm +3 #18 |43 425 [ +13 428 | +13 +35 | +23 +38 | +23 +45 | +37 452 [ +37 +59
Mean 205 2 -30.5 -34 -40.5 44 545 5
Probable difference in diameters | -8~ -33 [ -9 -39 |-18 -43 |-19 -49 |-28 -53 |-29 -59 |-42 -67 | -43 -73
100 <d< 120 20 0 Shaft tolerances in pm +3 418 |43 +25 | +13 +28 [ +13 +35 [ +23 +38 | +23 +45 | +37 +52 | 437 +59
Mean -20.5 -24 -30.5 -34 -40.5 -44 -54.5 -58
Probable difference in diameters -8 -33 |-9 -39 |-18 -43 |-19 -49 |-28 -53 |-29 -59 |-42 -67 [-43 -73
120 <d< 140 25 0 Shaft tolerances in pm +3 421 [ +3 +28 | +15 433 | +15 +40 | +27 +45 | +27 +52 | +43 +61 [ +43 +68
Mean -24.5 -28 -36.5 -40 -48.5 -52 -64.5 -68
Probable difference in diameters | -9 -40 | -10.5-45.5 | -21  -52 | -22.5-57.5 | -33  -64 | -34.5-69.5 | -49  -80 | -50.5-85.5
140 <d< 160 | 25 0 Shaft tolerances in pm +3 421 [ +3 +28 | +15 433 | +15 +40 | +27 +45 | +27 +52 | +43 +61 [ +43 +68
Mean -24.5 -28 -36.5 -40 -48.5 -52 -64.5 -68
Probable d fference in diameters | -9 -40 | -10.5-45.5 | -21  -52 | -22.5-57.5 | -33  -64 | -34.5-69.5 | -49  -80 | -50.5-85.5
160 <d< 180 | -25 0 Shaft tolerances in pm +3 421 [ +3  +28 | +15 +33 | +15 +40 | +27 +45 | +27 +52 | +43 +61 | +43 +68
. Mean -24.5 -28 -36.5 -40 485 -52 -64.5 -68
Probable difference in diameters | -9 -40 | -10.5-45.5 | -21  -52 | -22.5-57.5 | -33  -64 | -34.5-69.5 | -49  -80 | -50.5-85.5
180 <ds 200 | 30 0 Shaft tolerances in ym +4 424 | +4 433 | +17 437 | +17 +46 | +31 +51 | +31 +60 | +50 470 | +50 +79
Mean -29 -33.5 -42 -46.5 -56 -60.5 -75 -79.5
Probable difference in diameters | -11  -47 | -12.5 -54.5| -24  -60 | -25.5-67.5 | -38  -74 | -39.5-81.5 | -57 -93 | -58.5-100.5
200 <ds 225 | -30 0 Shatt tolerances in um +4  +24 | +4  +33 | +17 437 | +17 +46 | +31 +51 | +31 +60 | +50 +70 [ +50 +79
_ Mean 29 335 | 4 465 | 56 -60.5 7 795
Probable difference in diameters | -11 47 |-12.5 -54.5 |-24  -60 {255 -67.5 |-38  -74 439.5 -81.5 |-57  -93 {58.5-100.5
225 <ds 250 | 30 0 Shatt tolerances in ym +4 424 | +4 433 | +17 437 [ +17 +46 | +31 +51 | +31 +60 | +50 +70 | +50 +79
~ Mean -29 -33.5 -42 -46.5 -56 -60.5 -75 -79.5
Probable difference in diameters | -11  -47 | -12.5-54.5| -24  -60 | -25.5-67.5| -38  -74 | -39.5-81.5| -57 -9 | -58.5-100.5
250 <ds 280 | 35 0 Shaft tolerances in ym +4 427 | +4  +36 | +20 +43 | +20 +52 | +34 +57 | +34 +66 | +56 +79 | +56 +88
Vean -33 -37.5 -49 -53.5 -63 -67.5 -85 -89.5
Probable difference in diameters | -12  -54 | -14  -61 |-28 ~ -70 | -30 -77 |-42 -84 |-44 -91 |-64 -106 | -66 -113
280 <d< 315 | 35 0 Shaft tolerances in ym +4 427 | +4 436 | +20 +43 | +20 +52 | +34 457 | +34 466 | +56 +79 | +56 +88
Mean 33 375 59 535 63 75 85 895
Probable difference in diameters | -12  -54 | -14 -61 |-28 -70 |-30 -77 |-42 -84 |-44 -91 |-64 -106 |-66 -113
315 <d< 400 | -40 0 Shaft tolerances in ym +4 429 |+4  +40 | +21 +46 | +21 +57 | +37 +62 | +37 +73 | +62 +87 |+62 +98
Mean -34 -39.5 -51 -56.5 -67 -72.5 -92 -97.5
Probable difference in diameters | 12 -56 |-14 -5 |-29 -73 |-31 -82 |-45 -89 |-47 -98 |-70 -114 |-72 -123
400 <ds 500 | 45 0 Shaft tolerances in pm +5 432 |45 +45 | +23 +50 |+23 +63 |+40 +67 |+40 +80 |+68 +95 | +68 +108
Mean -36 -42.5 -54 -60.5 -71 =115 -99 -105.5
Probable difference in diameters | -14  -58 |-16 -69 [-32 -76 |-34 -87 |-49 -93 |-51 -104 |-77 -121 |-79 -132
500 <ds 630 | 50 0 Shaft tolerances in pm 0 +44 +26 +70 +44 +88 +78 +122
Mean -39.5 -65.5 -83.5 -117.5
Probable difference in diameters -1 -68 =37 -94 -55 -112 -89 -146
630 <d< 800 | -75 0 Shaft tolerances in ym 0 +50 +30 +80 +50 +100 +88 +138
Mean -42.5 -72.5 -92.5 -130.5
Probable difference in diameters -2 13 42 -108 -62 -123 -100 -161

1. A negative value denotes an interference fit and a positive value a loose fit
2. The probable fit values are calculated on the assumption that the statistical distribution of the dimensions within the tolerances follows a "normal”

law (Gauss distribution law)
@) =

3. Bearing tolerances and fits: values in microns (um)
4.'¥ The most common fits
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B Fits in the housings for normal class bearings (all bearings except tapered roller bearings)

Bearing retention

ol sl

nihnusmg
(mm)
<D= 18 | -8 0 | Housing tolerance tolerance +6  +17 |46 +24 +18
Mear +15.5 +19 95 +13 45 5 05 +1
Pmbabledifferenceindiameters +225+85 | +29 49 | +16.542.5| +23 43 | +115 25 | +15 -5 | +7.5 -6.5 | +11 -9
18 <D< 30 -9 0 Housing tolerance +7 420 [ 47 +28 |0 +13 |0 +21 | -5 +8 -9 412 |11 +2 | -15  +6
Mean +18 +22 +11 +15 +6 +6 0 0
Probable difference in diameters | +26 +10 | +335 +105| +19  +3 | +265 435 | +14 -2 | +175 55 | +8 -8 | +115 115
30 <D= 50 -1 0 Housing tolerance +9 425 [+9 +34 |0 +16 |0 425 [ -6 410 [-11 414 [ 13 43 |-18 47
Mean +22.5 +27 +13.5 +18 +7.5 +7 +0.5 0
Probable difference in diameters | +32 +13 |+405 +135 | +23  +4 | 4315 +45 | +17 -2 | 4205 65 | +10 -9 | 4135 -135
50 <D< 65 |-13 0 Housing tolerance +10 429 [+10 +40 [0 419 [0 +30 [-6  +13 |12 +18 | -15 +4 |-21 49
Mean +26 +31.5 +16 +21.5 +10 +9.5 +1 +0.5
Probable difference in diameters | +37.5 +145 | +48 +15 | 4275 +45 | +38  +5 | +215 -15 | +26 -7 | +125-105 | +17 -16
65 <D< 80 |-13 0 Housing tolerance 410 +29 [ +10 +40 [0 +19 [0 430 [-6  +13 |-12 +18 [-15 44 | -21 +9
Mean +26 +31.5 +16 +21.5 +10 +9.5 +1 +0.5
Probable difference in diameters | +37.5 +145 | +48 +15 | +275 +45 | +38 45 | +215 -5 | 426 -7 | +125-105 |+17 -16
80 <D< 100 | -15 0 Housing tolerance +12 +34 [ +12 +47 |0 +22 |0 +35 | -6 +16 | -18 +22 | -18  +4 | -25 +10
Mean +30.5 +37 +18.5 +25 +12.5 +12 +0.5 0
Probable difference in diameters | +44 +17 | +56 +18 | +32 +5 | +44 46 | +26 -1 [+31 -7 | +14 13 ] +19 -19
100 <D< 120 | 15 0 Housing tolerance +12 434 | +12 +47 [0 422 |0 435 | -6 +16 | -13 +22 | -18  +4 | -25 +10
Mean +30.5 +37 +18.5 +25 +12.5 +12 +0.5 0
Probable difference in diameters | +44 +17 | +56 +18 | +32 +5 | +44 +6 | +26 -1 [ +31 -7 | +14 -13|+19 -19
120 <D< 140 | 18 0 Housing tolerance +14 439 [ +14 +54 |0 425 |0 +40 | -7 418 |-14 +26 | -21  +4 | -28 +12
Mean +35.5 +43 +21.5 +29 +14.5 +15 +0.5 +1
Probable difference in diameters | +51 +20 | +65 +21 | +37 46 | +61 47 | 430 -1 [ 437 -7 [ 416 -15|+23 -21
140 <D< 150 | -18 0 Housing tolerance +14 +39 [ +14 +54 |0 +25 | 0 +40 [ -7 +18 [ -14 426 | -21 44 | -28 +12
Mean +35.5 +43 +21.5 +29 +14.5 +15 +0.5 +1
Probable difference in diameters | +51 +20 | +65 +21 | +37 +6 | +51 47 [+30 -1 |+37 -7 |+16 -15|+23 -21
150 <D< 160 | -25 0 Housing tolerance +14 +39 [ +14 +54 |0 +25 |0 +40 [ -7 +18 [ -14 426 | -21 44 |-28 +12

Mean +39 +46.5 +25 +32.5 +18 +18.5 +4 +4.5
Probable difference in diameters | +565 +215 | +70 +23 | +425 +75 | +56  +9 | +355 +05 | +42 -5 | +215-135 | +28 -19

160 <D= 180 | -25 0 Housing tolerance +14 +39 [ +14 +54 |0 +25 | 0 +40 [ -7 +18 [ -14 426 | -21  +4 | -28 +12
Mean +39 +46.5 +25 +32.5 +18 +18.5 +4 +4.5

Probable difference in diameters | +565+215 | +70 +23 | +425 +75 | +56  +9 | +355 +05 | +42 -5 | +215-135 | +28 -19

180 <D< 200 | -30 0 Housing tolerance +15 +44 | +15 +61]0 429 |0  +46 | -7 +22 | -16 +30 | -24 +5| -33 +13
 Mean +44.5 +53 +29.5 +38 +22.5 +22 +5.5 +5

Probable difference in diameters | +655+235 | +805+255 | +505 +25 | +655+105 | +435 -15 | +495 55 | +265 -155 | +325 -225

200 <D< 225 | -30 0 Housing tolerance +15 +44 | +15 +61 |0 +29 (0 +46 | -7 +22 | 16 +30 | -24  +5] -33 +13
Mean +44.5 +53 +29.5 +38 +22.5 +22 +5.5 +5

Probable difference in diameters | +65.5 +23.5 | +80.5 +25.5) +50.5 +8.5 | +65.5 +10.5| +43.5 +1.5 | +49.5 -5.5| +26.5-15.5| +32.5 -22.5

225 <D< 250 | -30 0 Housing tolerance +15 +44 | 415 4610 4290  +46 -7 422 -16 +30| -24 45| -33 +13
Mean +44.5 +53 +29.5 +38 +22.5 +22 +5.5 +5

Probable difference in diameters | +655 +235 +805 +255| +505 +85 | +655 +10.5 | +435 +15 | +495 55 | +265 -155 | +325 -225

250 <D< 280 | -35 0 Housing tolerance +17 +49 | +17 +69 | 0 +3210 +52 | -7 425 | -16 +36 | -27 45| -36 +16
 Mean +50.5 +60.5 +33.5 +43.5 +26.5 +27.5 +6.5 +7.5

Probable difference in diameters | +74 +27 | +92 +29| +57 +10 | +75 +12| +50 43| +59 -4| 430 17| +39 -24

280 <D< 315 | -35 0 Housing tolerance +17 +49 | +17 +69 | 0 +32 (0 452 | -7 +25|-16 +36| -27 +5| -36 +16
Mean +50.5 +60.5 +33.5 +43.5 +26.5 +21.5 +6.5 +71.5

Probable difference in diameters | +74 427 | +92 +29 | +57 +10 | 475 +12| +50 +3 | 459 -4 | +30 -17| +39 -24

315 <D= 400 | -40 0 Housing tolerance +18 +54 | +18 +75| 0 +36 [ 0 457 [ -7 429 | -18 +39 | -29 +7] -40 +17
Mean +53.5 +64 +36.5 +46 +28.5 +28 +6.5 +6

Probable difference in diameters | +79 +28 | +97 +31| +61 +10 | +79 +13 | +54 43| +61 -5| +32 -19| +39 -27

400 <Ds 500 | -45 0 Housing tolerance +20 +60 | +20 +83 |0  +40 [0  +63 | -7 433 | -20 43| -32 +8|-45 +18
Mean +57.5 +69 +37.5 +49 +30.5 -14 +5.5 +4

Probable difference in diameters | +84 +31 | +105 +33 | +64 +11 | +85 +13 | +57 +4 | +7  -35| 432 -21| +40 -32

500 <D< 630 | -50 0 Housing tolerance +22 +66| +22 4920 444 |0  +70 44 070 0
lean +61.5 +74.5 +39.5 +52.5 4.5 17.5

Probable difference in diameters | +90 +33 | +114 +35 | +68 +11| +92 +13 +24  -33| +22 -57

630 <D< 800 | -75 0 Housing tolerance +24 +74 ] 424 4104 [0 450 |0 +80 -50 0 -80 0
Mean +66.5 +81.5 +42.5 +57.5 1.5 -22.5

Probable difference in diameters | +97 +36 | +125 +38 | +73 +12 | +101 +14 +23 -38| +21 -66

800 <D< 1000 -100 0 Housing tolerance +26 +82| +26 +116 | 0 456 | 0 +90 56 0[-90 0
Mean +71.5 +88.5 +45.5 +62.5 -10.5 -21.5

Probable difference in diameters | +105 +38 | +137 +40 | +79 +12 | +111 +14 +23 44| +21 -6

1. A negative value denotes an interference fit and a positive value a loose fit
2. The probable fit values are calculated on the assumption that the statistical distribution of the dimensions within the tolerances follows a "normal"
law (Gauss distribution law)
3. Bearing tolerances and fits: values in microns (um)
4.'¥ The most common fits
o)



B Fits in the housings for normal class bearings (all bearings except tapered roller bearings)

HOUSING
Nominal
diameter
of housing
mm
10 <D< 18 | -8 0 Housing tolerance 15 4] -18 0/-20 9/-8 5|6 -15/-9 -1|-3 -20|-34 -6
Mean 55 5 -105 10 165 16 215 21
Probable d fference in diameters | +15 125 | +5 15| -35 -175| 0 20| -95 285 | -6 26 | -145 -85 | 11 -3
18 <Ds30 |9 0 Housing tolerance 47 42 o4 1|8 73 18|34 u[4 N
Mean § 5 3 3 20 20 % %
Probable difference in diameters | +2 14 | 455 175 | -5 21| 415 245 | 12 28| -85 -315 | -18 34 | -145 -375
30 <D= 50 | -11 0 Housing tolerance -20 4| -5 028 -12]-38 B8 2|4 7|45 2950 -5
Mean -65 -7 -145 -15 -235 24 -315 -2
Probable difference in diameters | +3  -16 | +65 -20.5 | -§ 24| -15 -285| -4 33| -105-375 | -22 -41 | -185 -455
50 <D= 65 -13 0 Housing tolerance -24 5(-30 0]-3 -14]-% 9|45 2651 -21]-54 35|60 -30
Mean ) 85 7 75 2 205 38 385
Probable difference in diameters | +3.5 -195 | +8 25| -55 -285 | -1 -34 | 175 -405 | 13 -46 | -265 -495 | -2 -5
65 <D< 80 |-13 0 Housing tolerance 2% 5|0 08 4|3 945 B 2|6 |6 R
Vean 8 85 a7 75 2 295 40 405
Probable difference in diameters | +35 -195 | +8  -25 | -55 -285 | -1 -34 | 175 405 | 13 -46 | -285 -515 | -24 -5
80 <Ds 100 | -15 0 Housing tolerance 28  6[-% 0|38 -6[-45 0|52 -30[-59 24|66 44|73 -3
Mean 95 0 195 20 335 3% 415 E)
Probable difference in diameters | +4 23| 49 -9 | -6 -3 A 39|20 -47|-15 53| -34 61| -29 67
100 <D= 120 [ -15 0 Housing tolerance 28 635 0|38 16|45 0|52 30|59 4|66 47|76 -4
Mean 95 0 195 20 35 34 505 51
Probable difference in diameters | +4 23| +9 29 | -6 38 A 39|20 47|45 53|37 64| - 10
120 <D< 140 | -18 0 Housing tolerance 33 8|40 0|45 0|5 12|61 36|68 -28|-81 -5 |-88 48
Mean 15 ] 235 23 395 E] 595 59
Probable difference in diameters | +4 27 | +11 -3 | -8 -39 | - 45| 24 55| 7 61| -4 15|37 8
140 <D< 150 | -18 0 Housing tolerance 33 8|40 0|45 0B 12|61 % -68 28|83 58|90 50
Mean 115 1 25 23 395 -39 615 | -6
Probable difference in diameters | +4 27 | +11  -33 | -8 -39 | 45| -4 55|17 61|46 77 |-39 -8
150 <D< 160 | -25 0 Housing tolerance -33 8| -40 0|46 -20|-52 -12|-61 -36|-68 -28|-83 -58|-90 -50
Mean -8 -15 -20 -195 -36 -35.5 -58 -57.5
Probable difference in diameters | +95 -255 | +16 31 | 25 -375| +4  -43 | -185 -535 | -12  -59 | -405 -755 | -34  -B1
160 <D< 180 | -25 0 Housing tolerance -3 8| -40 0|4 -20|-52 -12|-61 -36|-68 -28|-86 -61|-93 -53
Mean -8 75 20 195 36 355 61 605
Probable difference in diameters | +9.5 -255 | +16  -31 | -25 -375 | +4 43| -185 535 | 12 -50 | -435 -785 | -37 -84
180 <D< 200 | -30 0 Housing tolerance -37 -8 | -46 0|-51 -2|-60 -14]-70 -4 |-79 -33|-97 -68]-106 -60
 Mean 75 8 215 2 405 4 675 68
Probable difference in diameters | +13.5 -28.5 | +195-355 | -05 -425 | +55 -495 | -195 -61.5 | -13.5 -685 | -465 -88.5 | -40.5 -955
200 <Ds 225 | -30 0 Housing tolerance 37 8|46 0|51 22|60 14|70 41|79 33100 71 |-109 63
Wean 75 8 215 2 405 4 705 B
Probable difference in diameters | +135 -285 | +195-355 | -05 -425 | +55 -495 | -195 -615 | -135 -68.5 | -49.5 -91.5 | -435 985
225 <D< 250 | <30 0 Housing tolerance 31 B4 0|51 260 -14]-70 -41]-79 -33-104 -75|-113 -67
Mean 75 8 215 2 405 4 745 75
Probable difference in diameters | +13.5-285 | +195-355 | -05 -425 | +55 -495 | -195 -61.5 | -135 -685 | -535 -95.5 | -47.5 -1025
250 <D< 280 | -35 0 Housing tolerance -4 9| -6 0|67 -2 |-66 -14|-79 -47|-88 -3 |-117 -85 |-126 -74
Mean O -85 235 -22.5 -45.5 -44.5 -83.5 -82.5
Probable d fference in diameters | +16 31 | +23 40 | 0 A7 |49 54| -2 69|13 76 | -60 -107 | -51 -114
280 <D< 315 | -35 0 Housing tolerance -4 9| -52 0|67 -25|-66 -14|-79 -47|-88 -36|-121 -89 |-130 -78
Mean -1.5 -85 235 -225 -45.5 -44.5 -87.5 -86.5
Probable difference in diameters | +16  -31 | +23 40 | 0 A7 (49 54| -2 69|13 76 |64 111 |55 118
315 <D= 400 | 40 0 Housing tolerance 46 10|57 0|62 26|73 16|87 51|98 41
Mean 105 1 265 27 515 52
Probable difference in diameters | +15 36 | +22 44 | - 52| +6 -60 | -26 77 [-19 -85
400 <D< 500 | -45 0 Housing tolerance 50 10 | -63 0|67 -27|-80 -17)-95 -55|-108 -4
Mean 125 -14 295 =31 -51.5 +25
Probable difference in diameters | +14 -39 | +22  -50 | -3 56 [ +5 67 |31 -84 |28 95
500 <D< 630 | -50 0 Housing tolerance 70 26 |-96 -2 |-88 -4 | -114 -44|-122 -78 | -148 -8
Mean -305 435 -485 -615 -825 955
Probable difference in diameters | -2 59 | -4 83 (-2 77| -2 101 | -54 -111|-56 -135
630 <D< 800 | -75 0 Housing tolerance 80 -30|-110 -30 {-100 -50 | -130 -50 | -138 -88 | -168 -88
Mean -375 525 -57.5 125 -95.5 -1105
Probable difference in diameters | .7~ 68 | -9 9 |-27 -88|-29 116 | -65 -126 | -67 -154
800 <D= 1000 -100 0 Housing tolerance 90 34| -124 34 | -112 -5 | -146 -56 | -156 -100 | -190 -100
Mean -445 -61.5 -66.5 -83.5 -1105 -121.5
Probable difference in diameters | -11 78 | 13 -110 | -33 -100 | -35 132 | -77 144 | -79 -176

1. A negative value denotes an interference fit and a positive value a loose fit
2. The probable fit values are i on the ption that the statistical distribution of the dimensions within the tolerances follows a "normal”

law (Gauss distribution law)
) =

3. Bearing tolerances and fits: values in microns (um)
4.'¥ The most common fits




Bearing retention and clearane

Bearing seats (continued)

Geometry and surface conditions
of shaft and housing seats

M Shoulder diameters and fillet radii

A contact surface is necessary between the ring and the ; Housing

shoulder to ensure good retention of the bearing. Outer

ring

Removal seat
D The sections in this catalog of Standard Bearings
specifies:

¢ the shaft and housing shoulder diameters (D4 and dg)
e the shoulder fillet radii (r1)

Inner
ring

Shaft

Shoulder seat [N

If for construction reasons the shoulder seat dimension
cannot be respected, provide an extra spacer between
the bearing ring and the shoulder.

Spacer Bearing

The fillet radii between the shoulders and the ring seats
must be less than the corner radius of the correspon-
ding ring. The values are indicated in the chapter corre-

sponding to each family. shaft
a

) Fillet greater than the bearing corner radius

When a shaft is subjected to high bending stresses, the Spacer

shoulder must be given a fillet radius that is greater than
that of the bearing.

Bearing

In this case, a chamfered spacer is placed between the
shaft shoulder and the bearing ring to give a sufficiently
large contact surface. Shaft




) Special corner radius

If the bearing must be fixed close to the shoulder, a
special corner radius can be machined on its inner ring.

Bearing

Shaft

) Elimination of the fillet radius

If there are no particular requirements for the shaft
profile and strength, it is possible to make an undercut
that facilitates grinding of the seats and ensures in all
cases the best contact between the ring and the
shoulder.

Bearing

Shaft ’

M Removal seat ) :
Clamping point for

P . extraction tool claw:
The bearing is usually removed using

an extraction tool whose claws clamp
on the part of the ring that protrudes
beyond the shoulder. See page 140.

If the mounting configuration does not
leave a sufficiently large removal seat, \
notches can be cut in the shoulder or ‘
a washer can be placed between the
shoulder and the bearing inner ring.

Clamping point for
S extraction tool claws

=
-

@)
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Bearing retention and clearane

Bearing seats (continued)

H Tolerances and surface conditions of shaft and housing seats

) Shaft
[ ~[12]AB] = 7[12]AB]
R Lead-in
chamfer ~— Contact B
4 30° o surface Rat
A B VAl
_ A o
k=] =]
g ‘ 72
Y I Iy
; ] L [oTT]
I n " " |
Distance between bearing assemblies T3| A
L Contact surface --
Nominal inside Tolerances in pm
diameter of bearing
13
10 <d< 18 3 11
18 <d< 30 13
30 <ds 50 4 16 15L <1 <2
50 <d= 80 5 19 Lin
80 <d< 120 6 22 mm
120 <d 8 25
) Housing

Lead-in chamfer
]

- | E
A o I y
_ ©
8 o a
3’" Ra O T . Rai B
i

Contact surface %‘

Nominal inside
diameter of bearing




Radial clearance of radial contact bearings

Residual radial clearance: definition, calculation

The residual radial clearance is the radial clearance of the bearing after installation or in
operation. It depends on the internal radial clearance, the fits, the temperatures and the
deformations.

The residual clearance must be sufficient to ensure satisfactory operating conditions.

To calculate the residual clearance, it is given an algebraic value. When this value is positive,
there is a mechanical clearance, when it is negative there is a preload.

The operating residual clearance of the bearing has a direct influence on its service life and
general performance (precision of rotation, noise, etc. ). It must therefore be determined as
accurately as possible.

=» Ratio of interference effect on clearance

When two parts are assembled together with an interference fit, each part displays a change
in diameter after assembly.

reduction of internal radial clearance

The ratio is: tjortg = - - -
interference on inner or outer ring

The ratio is calculated using the standard material strength formulae which introduce the cross-

sectional dimensions of the parts concerned, the E modulus of elasticity and their respective
Poisson ratios.

We propose the following approximate ratios for the most common cases:

Bearing clement L st R0 |

Solid shaft t~038

Inner ring
Hollow shaft t~0.6
Steel or cast-iron housing te=07

Outer ring
Light alloy housing te=0.5

SNR can provide a precise calculation of the clearance reduction.

()
3

)



LLA:

and clearance

Radial clearance of radial contact bearings (continued)

Bearing retention a

=> Residual clearance after fitting: Jdrm

er=J0'ti'Si'te'Se

Jo Internal radial clearance

S; Interference of the inner ring on the shaft
t Inner ring/shaft effect ratio

Sg Interference of the outer ring in its housing
te  Outer ring/housing effect ratio

M Required approximate mean residual clearance after fitting (in mm)

Ball bearings Jym = 10°d"™

Cylindrical roller bearings Jym =4 .10%d"
Self-aligning ball bearings Jm=2.10°d"
Spherical roller bearings Jym=5.10°d"

l Example of calculation of residual clearance and its range using the fits tables of
page 102.

Bearing 6305 - bore 25 mm - outside diameter 62 mm
¢ Solid steel shaft: tolerance k5
e Cast-iron housing: tolerance N6

B Mean residual clearance

The fits tables give:

Shaft tolerances +2 +11 Housing tolerances -33 +14
Mean theoretical 15 Mean theoretical 17

and probable value Si o and probable value Si .

Probable clearance (+) Probable clearance (+)

or interference (-) 5 -18 or interference (-) 5.5 285

Table in previous page gives the respective effect ratios of t; = 0.8 (shaft) and tg = 0.7 (housing).

The mean reduction in clearance is: Fojr??yzvgliia isfi)ST<((t)ea}136%e<O)

m = (0.8 x-11.5) + (0.7 x -17) = -21um

119



B The minimum initial clearance value must be greater than the mean reduction

in clearance ij

The table in page 156 of initial clearances for this type of bearing shows that a category 4
clearance is necessary (23 to 41um: mean value 32 pm) to have a satisfactory residual

clearance after fitting the bearing:

Mean residual clearance:

Jym =32 -21=11pm

The definition of the bearing will therefore be 6305 J40 (C4)

B Range of residual clearance after fitting

Probable range of interference on the shaft
(difference between extreme values):

Probable range of interference in the housing
(difference between extreme values):

Considering the previous effect ratios, the proba-
ble ranges on radial clearance are:

Range of bearing internal clearance:

According to the laws of probabilities, the range
of the residual clearance will be:

The 6305 bearing with a category 4 clearance
mounted with k5 and N6 fits has an operating
clearance of:

Dpg = 13 um

Dp| =23 uym

Dpci = Dpa .tj= 183umx0.8
= 10.5pum
for the inner ring
Dpce = Dp| .te= 23pmx 0.7
= 16 pm
for the outer ring

Dgr =41-23 =18 ym

2 \1/2

A gr = (Dpgi* + Dpge® + Der
= (10.5% + 162 + 18?)"2= 26 um

Ji= Jym £ Dy/2 =11 £ 13 pm

SN
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Bearing retention and cleara

Radial clearance of radial contact bearings (continued)

=>» Choice of internal clearance as a function of shaft and housing fits

The example on the previous page shows that interference fits on shaft and housing require a
bearing with increased clearance.

The table below defines the limit fits for the shaft and housing.

A Inner ring fit A Inner ring fit

" b roased " Increased

m Increased | m LR

. clearance | . e

i Normal i Normal

h | clearance h clearance

9 . — 9 | A
Outer ring fit Outer ring fit

H J K M N P o H J K M N P o
Ball bearings Roller bearings

=> Calculation of the residual clearance in operation

The residual clearance in operation is a function of the residual clearance after mounting and
the relative temperature differential between shaft and housing.

H Materials with different coefficients of expansion

Bearing mounted in a light alloy housing.

The difference in the bearing and housing
diameters resulting from differential expansion is: AD=(Cp-Cq)D.At=8.10°.D.At
where:

At Operating temperature 20°C (68°F)

D Bearing outside diameter

C1  Expansion coefficient of steel = 12 x 10°® mm/mm/°C

C2  Expansion coefficient of the light alloy housing = 20 x 10°® mm/mm/°C

The different expansion of the materials will increase the clearance of the outer ring in its hous-
ing and can allow it to rotate. This differential expansion must be compensated for by having
a tighter fit and using a bearing with increased clearance.

1)



Example

Choice of housing fit for a 6305 bearing (D = 62 mm)
mounted in light alloy with an operating temperature
of 80°C (176°F).

With a J7 tolerance, the housing diameter is on
average 10 um larger than the bearing diameter.

See page 101.

At=60°C
AD=8.10°.62.60 =0.030 mm

At 80° G, itis 10 ym + A D = 40 ym

This value is too high to secure a good retention of the bearing in the housing. Therefore,
choosing a P7 housing tolerance with a mean interference of 30 pm will compensate for the

effect of differential expansion at 80°C (176°F).

Choosing a P7 tolerance for the outer ring will lead
to a reduction in the radial clearance of the bearing
equal to:

If the shaft with a k6 tolerance gives a mean inter-
ference of 13,5 pm on the inner ring, the reduction
of the radial clearance due to the inner ring fit is:

The total reduction in the bearing clearance due to
fitting is:

tg . Sg =0,5 . 29.5 = 15 ym

t.Sj=08.135=11 pm

ij=te.se +1.5;=15+11 =26 um

One therefore chooses a 6305J40/C4 bearing (clearance category 4: mean radial clearance of
32 pm) to avoid cancelling the clearance during operation at 20°C (68°F) normal temperature.

119
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Bearing retention and cleara

Radial clearance of radial contact bearings (continued)

B Temperature difference between shaft and housing

Both the shaft and housing are made of steel, but the temperature of the shaft is higher than
that of the housing.

The differential expansion between the bearing
inner ring and the outer ring will reduce the radial

clearance by the value AJ=C1x(D.Atl-d.Ata)
where:
(03] Expansion coefficient of the steel
D Bearing outside diameter
d Bearing bore
Ata Difference between the running temperature of the shaft
and the room temperature (specified at 20°C or 68°F)
Atl Difference between the running temperature of the housing

and the room temperature (specified at 20°C or 68°F)

) Example

Let us assume that a 6305 bearing (25 x 62) has a residual clearance J,y, of 10 um after fitting
at 20°C (68°F).

In operation:
e the temperature of the shaft and the inner ring is 70°C (158°F)
e the temperature of the housing and the outer ring is 50°C (122°F)

The reduction in radial clearance of the bearing

is: AJ=12.10°.((62.30) - (25.50)) = 7 pm

The operating residual radial clearance is: Jrf=Jdrm-AJ=10um -7 um =3 pm

In this case it is recommended to use a bearing from Group 3 increased clearance.



Axial clearance of angular contact bearings

Axial preload

A preload is a permanent axial force applied to the bearings when they are fitted. It is obtained
by the penetration of the inner ring with respect to the outer ring of each bearing from the

reference position.

=» Axial penetration and preload

Under load, the rolling element / raceway con-
tact points undergo plastic deformation due to
the very high Hertz pressures, giving an axial
displacement of one ring in respect to the
other. A curve gives the value of the relative
displacement of the two rings according to the
axial load.

In an assembly with two bearings mounted in
opposition, the penetration of one bearing
increases the clearance of the other.

In assemblies demanding very high guidance
precision (machine-tool spindle, bevel gears,
oscillating systems, etc.), a preload must be
applied to get rid of the clearance and give
optimum rigidity.
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Axial clearance of angular contact bearings (continued)

Bearing retention llll

=> Determining the preload

The preload value P is chosen as a function

of the mean axial load applied (Am) Axial

P-Am/3 preload Penetration
curve of an

A opposing
The two preloaded bearings are studied bearing
using the diagram of associated penetration

curves. Penetration

curve of one
bearing in the Fg
Without an external axial load, the meeting assembly
point (P) corresponds to the applied preload
that creates on each bearing a penetration of
(d1) and (d2) respectively, the total closing of
the two bearings being p = d1+d2

Fai M1
When an external axial load A is applied to
the assembly, each bearing follows its pene-
tration curve. One of the two bearings is sub- P
ject to an additional penetration (da) which
reduces the penetration of the opposite Fa2 iz

-l -

bearing by as much . 0 g Axial
2 penetration

To find the loads Fal and Fa2 applied to g2
each bearing, the axial load A is positioned p
between the two curves (points Ml and M2).

The axial equilibrium of the shaft is:
Fal -Fa2=A

If A exceeds the value Fd (unseating axial
load), the opposite bearing gets an operating
axial clearance.

) Remarks:

The diagram of associated penetration curves is modified by any radial loads applied to the
bearings.

As any preload influences the resultant loads applied to the bearings, bearing performances
must be calculated taking into account the preload value. Consult SNR for these calculations
that bring into play the rigidity characteristics. A preloaded assembly has greater friction drag
torque than an assembly with clearance. lts lubrication must therefore be studied with the
utmost care.
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=> Adjustment

The adjustment enables an assembly to be
given the predetermined axial clearance or
preload. This is done by sliding one ring (inner
or outer) of one of the two bearings of the
assembly. This ring must therefore be loose
fitted on its seat.

If the assembly is to have an axial clearance jg, _ _
it is checked using a dial comparator. Checking the axial clearance

If the assembly is to have a preload value p, one starts with any axial clearance J, and then
the loose bearing ring is moved by the value J, + p. This operation is usually achieved with the
shaft nut or by adapting the thickness of the adjustment spacers in the housing. The allowed
tolerance on a preloaded setting is tight (about half the one permitted for the axial clearance).

Influence of the temperature on the axial clearance
of bearings

=» Modification of clearance on assembly

The axial clearance or preload of a shaft mounted on two angular-contact bearings (ball or
tapered roller bearings) can be changed by the operating temperatures.

The assembly opposite schematically illustrates:

¢ a change in the axial clearance of the
assembly due to the difference of
axial expansion between the housing
and the shaft I ) r——

e a modification in the outer ring /
housing interference that results in a
variation of the radial clearance and
therefore the axial clearance of the
assembly

Axial expansion

The total change of the axial clearance
of the assembly is the algebraic sum of
these two variations.

In an O assembly (case shown in the sketch), the two variations are in opposite directions and
may cancel each other out. Conversely, in an X assembly the two variations are in the same
direction.

) SNE)
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Axial clearance of angular contact bearings (continued)

Bearing retention a

=» Theoretical calculation of the variation in the axial clearance of an assembly

H Variation due to shaft and housing different axial expansion

Adag=(1.Co.At)-(1.Cq.AY)=(Co-Cq).1.AL

where:

| Distance between the bearings

C1 Expansion coefficient of the shaft

Cc2 Expansion coefficient of the housing

At Difference between the operating temperature and the room temperature

(specified at 20°C or 68°F)

M Variation due to the modification of the outer ring/housing interference

T i [ ez

Temperature at which the outer - N - .
ring;)housing interference Aty =51/((Cp-C).Dy) Ay =5,/((G~C1)-Da)
is cancelled by the expansion D1, Dy Outside diameters of the bearings
of the housing $1, 8y Diametral interference of the bearings

If At < AtOy: If At < AtOy:
Variations of interference A S1 =( Cz - C1 ).Dy . At ASy=(Cy-Cq).Dy.At
with temperature If At >At04: If At >At04:

A S1 = S1 ASy=S

Aldag = (Ky .teq . ASq) + (Ky.ten . A Sp)

AP teq, teo: effect ratio of this interference on the radial clearance page 109
MO L [ LAl LT K4, Ko: transformation coefficients of radial clearance into axial clearance
of the outer ring/housing 112

interference Kj=Y;/08 Ky=Yp/08
Y1, Yo see page 59

Variation of axial clearance

M Total variation in the axial clearance of the assembly

Assembly in X arrangement A Ja=AJap + A Jaq

Assembly in O arrangement AJa=AJag - A Jaq

These calculations enable the initial clearance to be fixed in order to get the desired clearance
values in operation.



M Example

Take an assembly of two 32 210 tapered roller bearings mounted in an O arrangement in an
aluminium housing (P7 fit); operating temperature 80°C (176°F):

| =240 mm

D4y =Ds =90 mm

Co-Cqy =8x10-6 mm/mm/°C

Y1=Yy =143
Sq =85 =0.0335 mean value
At = 60°C (140°F)

teq = tep = 0.5 see page 109

b Variation in axial clearance due to axial expansion A Jaq AJaq =8.10°.240.60 = 0.114 mm

) Variation due to the modification in the outer ring/housing interference

Bearing 1 Bearing 2

Temperature at which the outer
ring/housing interference

is cancelled by the expansion
of the housing

At01 = At0p = 0.0335/(8.10-6 .90 ) = 47°C

Variations of interference At > At0q and At0,
with temperature AS{ = A8y =0.0335

Variation of axial clearance
G (o i e s Aldag=((143/0.8).0.5.0.0335) + (1.78 . 0.5 . 0.0335) = 0.060

in outer ring/housing interference

) Total variation in the axial clearance of the assembly AJa=+0.060-0.114 = -0.054

The following graphs illustrate the variation in axial clearance of the assembly according to the
operating temperature in the X and O assembly arrangements.

Assembly in O arrangement Assembly in X arrangement
AJayariation in axial clearance in mm Ada Variation in axial clearance in mm
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