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() Internal clearance

INTERNAL CLEARANCE AND STANDARD VALUES

Internal clearance is the play between outer ring, inner ring and rolling
element. Generally, the amount of up and down movement of the outer
ring with respect to the fixed inner ring is called the radial internal A
clearance and its right and left movement the axial internal clearance. Ij_'f ; 1
Bearing internal clearance in operation is an important factor that has a

significant influence on other factors such as noise, vibration, heat and
fatigue life. Radial ball bearings are usually classified by their internal

BEARING INTERNAL CLEARANCE

radial clearance. When measuring the internal clearance, the bearing is =
subjected to a standard load in order to ensure full contact between all II ot
bearing components. Under such a load, the measured value is larger —
than the actual value stated for radial clearance; this is due to elastic il

i AL | MAL
deformation. The difference is compensated by the factors given in the MEL?AIHNTE, ,,g;m MG:'LEAMTEHH# NCE
tables below.

@RADIAL INTERNAL CLEARAMCE OF SMALL AND MINIATURE BEARINGS

- Unit pm
m T [

a CLEARANCE SYMBOL MG MC2 MCa MCA | MCS MCE

= - Il 1 4

= min 0 3 3 B 13 20

= CLEARANCE - f — —

EJI miax 5 8 10 13 20 28

MNOTE: 1.5TANDARD CLEARANCE 1S MC3.
2 FOR MEASLIRING CLEARANCE, OFFSET BY COMPENSATION FACTOR LISTED BELOW

Unit ym

o)
g.
g
S

CLEARANCE SYMBOL MEC1 MC2 MC3 MC4 MCS MCE

COMPENSATION FACTOR 1 [ 1 1 1 2
MEASURING LOAD IS AS FOLLOWS.
MINIATURE BEARINGS 2.5N (0.25kg()
SMALL BEARINGS 4.4M (0.45kg1)

@RADIAL INTERNAL CLEARANCE OF STANDARD RADIAL BALL BEARINGS

Unit pm
NOMINAL BORE CLEARANCE
| DIAMETERd{mm) |  ©2 | CNIC) [ ca C4 AT
| OVER | INCL | MIN | MAX | MIN | MAX | MN | MAX | MIN | MAX | MIN | MAX
10onLY | ] 7 2 | 8 23 14| 20 | a0 W
10 18 [ [ 3 B | 1 | 25 18| 83 25 45
18 24 | © 10 5 20 13| 28 g0 | 3 | @8 48
24 30 1 11 5 @ | m e 2 4 a0 5|
30 .. 1 1 6 W | 15 k=] 28 | 4 | 4 1]
40 50 1 " 6 2 W | % | | m 45 73

NOTE: 1.FOR MEASURING CLEARANCE, OFFSET BY COMPENSATION FACTOR LISTED BELOW.

Unit pm
BORE DIAMETER OF |
NOMINAL BEARING d{mm) | MEASURING LGAD“L M COMPENSATION FACTOR
ovER | imcL N (kg cz CN (D) c3 c4 cs
| WOgwciveeny | 18 24.5(2.5] | il o S 4 4 4
18 50 48 (5) 4~5 s & B [

14



APALCEN A A AT Bl | e s Al

RELATIONSHIP BETWEEN RADIAL INTERNAL CLEARANCE AND AXIAL INTERNAL CLEARANCE

The axial internal clearance is established from the ball diameter, outer and inner ring raceway radius and the radial
internal clearance. Usually it is about 10 times the value of the internal radial clearance. Selection of a small internal
radial clearance or an extra large interference fit in order to reduce the internal axial clearance after mounting is not
recommended.
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SELECTION OF BEARING CLEARAMNCE

Theoretically, maximum bearing life is with very slight preload. However, even a slight increase in this theoretical
preload can have a considerably detrimental effect on the bearing life. Positive clearance should therefore be
selected, MC3 is usually used for miniature or small bearings, standard clearance for general bearings and the
clearance for thin section bearings should never be greater than "standard".

@SELECTION OF RADIAL INTERNAL CLEARANCE

i .  OperatingCondiion X I Clearance
Clearance fit for inner and outer ring. Low axial load. No axial load carmying requirement. MC1. MC2. 02
Select beating with reduced radial clearance. Lower wibration and noise. Low speads. f !
Lowear frictional torque. Standard asial load. Average asial load camying requiremeants,
Slight intarferance fit bor inner ring. Clearance fil for outer ing. Averagalow speeds.
Estremaly low frictional torque. High axial kad. High axial load carrying raquirameants.
Heavy interlance it to support high kads or shock loads. Large temperature gradient from inner MCS, MCE.C3.04,C5
ring to outer fing, High degree of shaf dellaction.

MC3. MC4. CNICT)

CALCULATION OF CLEARANCE

__ d wCLEARANCE INCREASE BY LOAD
& CCLEARANCE CHANGE KY TEMPERATURE
DIFFERENCE BETWEEN INNER AND OUTERRING
& BCLEARANCE DECHEASE BY FITTING OF
INNER RING AND SHAFT

o fcCLEARANCE DECREASE BY FITTING OF

Ouster Fing - (HITER RING AND HOUSING
T o |
P gt e | |
~~—a ]l |
A :_.-_______-_.‘-\-. - ,-r # - & et
P w5 rr gl SCINITIAL CLEARANCE
7 _-H“q‘, AZRESIDUAL CLEARANCE (CLEARANCE
y AFTER MOUNTING! [ =423 fi-afo)

[ 3 EFFECTIVE CLEARANCE (A= & o)
AIRUNNING CLEARANCE (=4 4 v

(1) RUNNING CLEARANCE

Running clearance is the resultant clearance after load, temperature difference and fitting are taken into
consideration.
A=l {dad T+ wimm)

(2) CLEARANCE REDUCTION BY TEMPERATURE DIFFERENCE BETWEEN INNER AND OUTER RING

In a bearing, the highest temperature is generated in the rolling element followed by the inner ring, with the outer
ring having the lowest temperature. Since it is impossible to measure the temperature of a rolling element, in
practice, the temperature of the inner ring is used.

A= AT Dolmm)
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(3) CLEARANCE REDUCTION BY FITTING

When a bearing is fitted onto a shaft or into a housing with an interference fit, the intemnal clearance of the bearing
reduces.

& = d fis & fo=
A b d/db (0 -(bo,d)® YD (1 (do/db) y)e
A Da Da/T X (00D )/ (1-Ma/DhY)  (mm)

(4) CLEARANCE INCREASE BY LOAD
Load on a bearing deforms it elastically and increases the internal clearance.

& waC3 (B X Fri/ (22 cos & 21/ dw) LT (mm)

The initial contact angle (e is caloulated from the following two formulae:
cos dofoos O =140/ (25X m1) X (Fa/ (985 2 X Dhexsin a j&=

lcos (Eom &/ (22 DW R (22 m-13)

SYMBOLS

AT: TEMPERATURE DIFFERENCE BETWEEN INNER
AND OUTER RING

¢ DECULATION

m

] #: NUMBER OF BALLS
ﬁ e : OUTER RING RACEWAY DIAMETER Dw : BALL DIAMETER
= Adh: CLEARANCE OF INNER RING ON SHAFT @ : CONTACT ANGLE
%- do: ROHE DIAMETER OF HOLLOW SHAFT @o: INITIAL CONTACT ANGLE
o Dn: QUTSIDE DIAMETER OF HOUSING SEAT Fa: AXIALLOAD

ADa : CLEARANCE OF OUTER RING IN HOUSING Fr: RADIAL LOAD
o dh: AVERAGE OUTSIDE DIAMETER OF INNER RING Ar: RADIAL INTERNAL CLEARANCE
§' Da: AVERAGE OUTSIDE DMAMETER OF OUTER RING C: MATERIAL ELASTICITY FACTOR
g a l'.T.:I‘EF'FI'C_I"'_\'I‘I QF THERMAL EXPANSION FOR
a REARING STEEL
=1 General Beasing Cad 00218 ma.525
®© {7 Instrument Boaring | Ce0.00287 |  me0560 |




