





8-3 Calculation of Fitting Tolerances

When selecting the fitting tolerances, the
minimum interference has to be determined first,
considering varying fits depending on the kinds of
applied loads to bearing and the temperature
gradient of mounted parts, the interference
variations caused by surface roughness when
fitting, and the effect of centrifugal force generated
by fast rotation, etc.

Furthermore, the hoop stress applied to the
inner/outer rings of bearing has to be considered to
prevent the bearing from being damaged.

8-3-1 Minimum Required Interference

(1) Influences by Load

When radial load is applied to bearing, clearance
can be created in some parts of the unloaded zone
because of the reduced interference.

The minimum amount of interference, which will
be used for prevention of clearance generated by
the loads, can be obtained by using the following
Equations.

-Incase of F,.Ip 0.2C,,

=008, |4 Fr (Equation 8-1)
-In case of F,H~0.2C,,
[ .
AgE=002 B (Equation 8-2)
Where,
Age: Reduction in inner ring interference by the
load [um]

d : Bearing bore diameter [
B : Width of bearing inner ring [mm]
F, : Radial load applied to bearing [N]
C, : Bearing' s static load rating N]

mm]
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(2) Influences by Temperature

When bearing becomes hotter during operation,
the amount of interference of fitting surface of
bearing rings can be either increased or decreased.
The variations of interference caused by tempera-
ture rises of fitting surface, bearing, or surrounding
parts can be calculated by using the Equations
below.

Agr=(0gi—ag)Ars - d (Equation 8-3)

Apr= (0= o)Ay - D (Equation 8-4)

Where,

Ay :Interference variation by temperature
difference between bearing’ s inner ring
and shaft [um]

Anr : Interference variation by temperature
difference between bearing’ s outer ring
and housing. [um]

Ars : Temperature difference between seated
surface area of inner ring and shaft, and
the surrounding area of housing. [°C]

Ay : Temperature difference between seated
surface area of outer ring and housing,
and the surrounding area of housing. [°C]

og; : Linear expansion coefficient of inner ring

material. [1/°C]
os :Linear expansion coefficient of shaft
material [1/°C]
oy :Linear expansion coefficient of housing
material [1/°C]
og, :Linear expansion coefficient of outer ring
material [1/°C]
d  :Bearing bore diameter [mm]
D : Bearing outer diameter [mm]

For practical use, when bearing becomes hotter
due to its rotation, the minimum interference
required for proper fits of inner ring and shaft can
be obtained, by using the Equation below.
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Agr=00015 - d - Ap (Equation 8-5)

Where,

Ay : Reduction in interference by temperature
difference [um]

Ar : Temperature difference between bearing
inside and the surrounding housing  [°C]

(3) Influences by Surface Roughness and Plastic
Deformation

Plastic deformation occurs in the fitted area
because of the mounting force and interference,
and this is why the amount of residual interference
measured after fitting is smaller than the theoretical
value calculated by presuming various fitting
conditions. And the magnitude of variation depends
on the degree of roughness of both fitted surfaces.
The reductions in interference in relation to surface
roughness are shown in Table 8-2.

Table 8-2 Interference Reduction by Fabrication Precision

Reduction of
interference fum]

Surface
Roughness Ry fun]

Fabrication
Precision

Super Precision Grinding 0.8 ~1.0
Precision Grinding 20 =25
Super Precision Lathe-Turming 40 ~5.0
Precision Lathe-Turning 6.0 =70

(4) Influences by Centrifugal Force

When bearing is rotating at a high speed, the
interference of inner ring and shaft can vary due to
the radial expansion of inner ring. However, it is
recommended and practical to take the centrifugal
force restrictively into consideration only when the
bearing is operated above its permissible speed

8-3-2 Maximum Interference

The fitting interference causes the mounting seats
of surrounding structures, such as bearing, its shaft,
and housing, not only to expand or contract, but al-
so to generate the surface stress.The surface
stress and the max circumferential stress gene-
rated in the mounting seats by fitting interference
can be calculated by using the Equations below,
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and for the heat-treated bearing steel, the material
tensile strength generally lies in the range of 1570
~1960MPa, so it is safe to set up the fitting con-
ditions, so that the max. circumferential stress gen-
erated by fitting interference does not exceed
130MPa.

— Adeff/d
" Lk2+1er L L ki +1 o
EB1 K -1 = Es k%%— 1 s
....................................................... (Equation 8'6)
p - AD. /D
mo L h2 a1l . L h% +1 om
Eg|h2 -1 | Bu|n-1 "
(Equation 8-7)
K+l :
Otimax= Pmi . k2—1 (Equallon 8'8)
2
Otomax=Prmo * hfhl (Equation 8-9)

Where,
Ad.g, AD;: Effective interference of fitting
surface of inner/outer ring. [mm]
d : Shaft diameter or bearing bore diameter

[mm]
dg; : Mean outer diameter of bearing inner ring
(mm]
Dg : Outer diameter of hollow shaft [mm]
D : Inner diameter of housing or bearing
outer diameter [mm]
dy : Outer diameter of housing [mm]

Dg,: Mean inner diameter of bearing outer ring

[mm]
Eg;, Eg, : Elastic modulus of bearing
inner/outer rings [N/mm?]
Es, By  : Elastic modulus of materials
of shaft and housing [N/mm2]
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mg;, mg, : Poisson’ s ratio of Bearing inner/outer ce between bearing inner ring and shaft.
rings [N/mm?]
mg, my : Poisson’ s ratio of shaft and housing Cwmax . Max. circumferential stress of the moun-
k :=dp/d ted seats generated by fitting interfere-
k, :=d/Ds nce between bearing outer ring and hou-
h :=D/Dg, sing. [N/mm?]
ho = dH/ D
P, : Surface stress of mounted seat generated

by fitting interference between bearing inner

ring and shaft. [N/mm?]
P, : Surface stress of mounted seat generated
by fitting interference between bearing outer

ring and housing. [N/mm?]
Oumar - Max. circumferential stress of the moun-
ted seats generated by fitting interferen-

Table 8-3 Recommended Shaft Tolerances for Radial Bearings(Cylindrical Bore Diameter)

Type of Load Bearing Type Shaft Diameter | Axial Displacement Ability Tolerances
and Load Magnitude
Point Load on Ball, Roller, and | All sizes Floating bearings with g6 (g5)
Inner Ring Needle Roller sliding inner ring
Bearings
Angular contact ball bearings and hé (j6)
tapered roller bearings with adjustable
preload of inner ring
Circumferential Ball Bearings Up to 40mm Normal load 6 (j5)
Load on Inner Ring Up to 100mm Low load 6 (j5)
or Indeterminate Normal and high load k6 (k5)
Load Up to 200mm Low load k6 (k5)
Normal and high load m6 (m5)
Over 200mm Normal load m6 (m5)
High load Shocks n6 (n5)
Roller and Up to 60mm Low load 6 (j5)
Needle Roller Normal and high load k6 (k5)
Bearings Up to 200mm Low load k6 (k5)
Normal load m6 (m5)
High load n6 (n5)
Up to 500mm Normal load m6 (n6)
High load Shocks p6
Over 500mm Normal load né (p6)
High load p6
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8-4 Recommended Fits

The most generally recommended fitting tolera-

each tolerance class of “KS Class 0" radial bearings

nces of radial bearings are shown in Table 8-3 and
8-4, and in Table 8-5 for deep groove ball bearing
with CM clearance, and in Table 8-6 and 8-7 for
inch series tapered roller bearings.

Also, in Table 8-8 and 8-9, the interferences for

Table 8-4 Recommended Housing Tolerances for Radial Bearings

and their shaft and housing are shown.

Type of Load Axial Displacement Ability Operating Conditions Tolerances
and Load Magnitude
Point Load on Floating Side Bearing Closeness of tolerances H7(H6)
Outer Ring Easily Adjustable Outer Ring based on required running
accuracy.
Outer ring generally displaceable, Requires high running accuracy H6(J6)
angular contact ball bearings and
tapered roller bearings with Requires normal running accuracy H7(J7)
adjustment via outer ring. Heat dissipation through shaft G7
Circumferential Load on | Low load K6, M6, N6, and P6, when high K7(K6)
Outer Ring or running accuracy is required. o
It Lees Normal load shocks M6(M6)
high load shocks N7(N6)
High load, severe impact, N7(P6)

thin housing

Table 8-5 Recommended Fitting Tolerances for Deep Groove Ball Bearings of Clearance Class CM

Bearing Bore Diameter Shaft Tolerances Housing Tolerances
Over Upto
10') 18 js5(j5) H6...H7
or
18 30 k5 Js6...Js7
30 50 (J6...J7)
50 80
80 100
100 120 m5

1) Including 10mm
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Table 8-6 Recommended Shaft Tolerances of Inch Series Tapered Roller Bearings
AFBMA CLASS 4 AND CLASS 2

Operating Conditions Bearing Bore Diameter d Shaft Tolerances Remarks
mm um
Over Up to min max
Circumferential |Load without Impact 60 582128 +gg +§§ For bearings with d<152.4, the
! ’ + + f i
Lgad on Inner 3048 5096 127 176 bearings with larger clearance
Ring 609.6 914.4 +190 +114 than normal are generally used.
High Load, Impact 60 ;82128 2\64 +38 The average interference of
Load,' High Speed 304.8 609.6 A “A” should be approximately
Rotation 609.6 914.4 +381 +305 0.0005d.
Circumferential | High Load, Impact . :18428 ;64 +38 The average interference of
L(?ad on Outer Load,' High Speed 304.8 609.6 A ‘A" should be approximately
Ring Rotation 609.6 914.4 +381 +305 0.0005d.
Normal Load without - 76.2 +13 0
Impact(When placed 76.2 304.8 +25 0
apart from ground 304.8 609.6 +51 0
surface) 609.6 914.4 +76 0
; - 76.2 0 =18 - ; ;
Normal Load without | 762 304.8 0 25 Axially displaceable inner ring
Impact(When it touches | 304.8 609.6 0 51
the ground surface) 609.6 914.4 0 -76

AFBMA CLASS 3 AND CLASS 0 ")

Operating Conditions Bearing Bore Diameter d Shaft Tolerances Remarks
mm um
Over Up to min max
Circumferential | Main Shaft of -6 ) :282128 +]g 8
f= 76. . +
Lgad on Inner | Precision Tools 304.8 509.6 105 0
Ring 609.6 914.4 +38 0
High Load, Impact 6.0 76212 g The minimum interference of “B”
Load, High Speed 3821.8 gggjg B should be approximately
Rotation 609.6 914.4 B 0.00025d.
Circumferential| Main Shaft of - 76.2 +13 0
Precision Tools 76.2 304.8 +13 0
;‘?ad AOE 304.8 609.6 125 0
Ing 609.6 914.4 +38 0

1) There are no Class 0 bearings for the ones with bore diameter(d) larger than 304.8mm.
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Table 8-7 Recommended Housing Tolerances of Inch Series Tapered Roller Bearings
AFBMA CLASS 4 AND CLASS 2

Operating Conditions Bearing Bore Diameter D Housing Tolerances Remarks
mm um
Over Up to min max
Circumferen- | When used in - 76.2 +76 +51 Axially displaceable outer ring
tial Load on | Floating or 76.2 127 +76 +51
R . . 127 304.8 +76 +51
Inner Ring Locating Sides 304.8 609.6 +152 +102
609.6 914.4 +229 +152
Outer ring can be - 76.2 +25 0 Axially displaceable outer ring
i i 76.2 127 +25 0
displaced axially. 127 304.8 151 0
304.8 609.6 +76 +25
609.6 914.4 +127 +51
Outer ring can not | - 76.2 -13 -38 Axially non-displaceable outer
ispl 76.2 127 -25 -51 rin
£ d”Sp aced 127 304.8 25 51 J
R 304.8 609.6 -25 -76
609.6 914.4 -25 -102
Circumfere- | Outer ring can not 60 3272 -13 -38 Axially non-displaceable outer
i be displaced - -25 -51 i
?)"a' L?;.‘d i Beirv 127 304.8 25 51 rng
uter Ring | axially. 304.8 609.6 -25 -76
609.6 914.4 25 -102
AFBMA CLASS 3 AND CLASS 0 1)
Operating Conditions Bearing Bore Diameter D Housing Tolerances Remarks
mm um
Over Up to min max
Circumfere- | Used in Floating = 152.4 +38 +25 Axially displaceable outer ring
ntial Load on | Side 152.4 304.8 +38 +25
X 304.8 609.6 +64 +38
Inner Ring 609.6 914.4 +89 +51
Used in Locating | - 152.4 +25 +13 Axially displaceable outer ring
Side 152.4 304.8 +25 +13
304.8 609.6 +51 +25
609.6 914.4 +76 +38
Outerringcanbe | - 152.4 +13 0 Axially displaceable outer ring
displaced axially. | 152.4 304.8 +25 0
304.8 609.6 +25 0
609.6 914.4 +38 0
Outer ring can not | - 152.4 0 -13 Axially non-displaceable outer
be displaced 152.4 304.8 0 -25 fing
axially. 304.8 609.6 0 25
. 609.6 914.4 0 -38
Circumfere- | Outer ring can not | - 76.2 =% -25 Axially non-displaceable outer
ntial Load on | be displaced 76.2 152.4 -13 -25 ring
Outer Ring axially. 152.4 304.8 -13 -38
304.8 609.6 -13 -38
609.6 914.4 -13 =51

1) There are no Class 0 bearings for the ones with outer diameter(D) larger than 304.8mm.
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Table 8-8 Comparisons of Fitting Interferences of “KS Class 0" Radial Bearings and Shafts

Bearing Bore Diameter Mean Bore Diameter Deviation | g5 g6 h5 h6 5 js5 j6

d Admp‘) Bearing Shaft  |Bearing Shaft  |Bearing Shaft  |Bearing Shaft  |Bearing Shaft  |Bearing Shaft | Bearing Shaft
| |

mm mm m&m M W M w W W

Over Up to |Upper  Lower ' ' ' ' ' ' '

3 6 0 -8 4T...9L Ao 1AL 8T...5L 8T...8L 11T...2L 10.5T...25L |14T...2L

6 10 0 -8 3T...11L Sl TAIL 8T...6L 8T...9L 12T...2L RIS 15T...2L

10 18 0 -8 2T...14L 2T...17L 8T...8L 8T...11L 13T...3L 12T...4L 16T...3L

18 30 0 -10 3T...16L 3T...20L 10T...9L 10T...13L 15T...4L 145T...45L |[19T...4L

30 50 0 -12 3T...20L 3T...250L 12T...11L 12T...16L 18T...5L 17.5T...55L |23T...5L

50 80 0 -15 Bllor2ell 5T...29L 15T...13L 15T...19L 21T...7L 21.5T..65L |27T...7L

80 120 0 -20 G2l 8T...34L 20T...15L 20T...22L 26T...9L 27.5T...7.5L |33T...9L

120 140

1% }% 0 -25 11T..32L 11T...39L 25T...18L 25T...25L 32T...11L 34T...9L 39T...11L

180 200

200 225 0 -30 15T...35L 15T...44L 30T...20L 30T...29L 37T...13L 40T...10L 46T...13L

225 250

=2 e -35 |18T.40L |18T.49L |35T.23L |85T.32L |42T..16L  |46.5T...115L|51T...16L

49 = e 40  |22T.43L |22T.54L |40T.25L |4OT..36L [47T..18L  |525T..12.5L|58T...18L

% % 0 -45 25T...47L 25T...60L 45T...27L 45T...40L 52T...20L 58.5T...13.5L [65T...20L

1) The tolerances, for the tapered roller bearings with 30mm of bearing bore diameter(d) or lower, are different from the
values shown in this Table.

Table 8-9 Comparisons of Fitting Interferences of “KS Class O" Radial Bearings and Housings

Bearing Outer Diameter Mean outer Diameter Deviation| G7 Hé6 H7 J6 J7 Js7 K6

D ADmp1) Housing Bearing |Housing Bearing | Housing Bearing | Housing Bearing | Housing Bearing |Housing Bearing | Housing Bearing
mm mm NN F% mF% SEFM \{jr]% N ‘I_Im N ‘I_]% V{]m
Over Up to | Upper Lower

6 10 0 -8 5L...28L 0...17L 0...23L 4T..13L 7T...16L 7.5T...155L |7T...10L

10 18 0 -8 6L...32L 0...19L 0...26L 5T...14L 8T...18L 9T...17L 9T...10L

18 30 0 =9 7L...37L 0...22L 0...30L 5T...17L 9T...21L 10.5T...19.5L | 11T...11L
30 50 0 -1 9L...45L 0...27L 0...36L 6T...21L 11T...25L 12.5T...23.5L [ 13T...14L
50 80 0 -13 10L...53L 0...32L 0...43L 6T...26L 12T...31L 15T...28L 15T...17L
80 120 0 =I5 12L...62L 0...37L 0...50L 6T...31L 13T...37L 17.5T...32.5L [ 18T...19L
120 150 0 -18 14L...72L 0...43L 0...58L 7T...36L 14T...44L 20T...38L 21T...22L
150 180 0 -25 14L...79L 0...50L 0...65L 7T...43L 14T...51L 20T...45L 21T...29L
180 250 0 -30 15L...91L 0...59L 0...76L 7T..52L 16T...60L 23T...53L 24T...35L
250 315 0 -35 17L...104L  |0...67L 0...87L 7T...60L 16T...71L 26T...61L 27T...40L
315 400 0 -40 18L...115L |0...76L 0...97L 7T...69L 18T...79L 28.5T...68.5L | 29T...47L
400 500 0 -45 20L...128L  |0..-85L 0...108L 7T...78L 20T...88L 31.5T...76.5L | 32T...53L

1) The tolerances, for the tapered roller bearings with 150mm of bearing outer diameter(D)
or lower, are different from the values shown in this Table.
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js6 k5 k6 mb mé6 n6 p6 (]
Bearing Shaft | Bearing Shaft  |Bearing Shaft  [Bearing Shaft  |Bearing Shaft  [Bearing Shaft  |Bearing Shaft  |Bearing Shaft

12T...4L 14T..AT 17T..4T 17T...4T 20T...4T 24T...8T 28T...12T - -
12.5T...45L [15T...1T 18T...1T 20T...6T 23T...6T 27T...10T 32T...15T - -
13.5T...55L [17T...1T 20T...1T 23T...7T 26T...7T 31T...12T 37T...18T - -
16.5T...6.5L |21T...2T 25T...2T 27T...8T 31T...8T 38T...15T 45T...22T - -
20T...8L 25T...2T 30T...2T 32T..9T 37T..9T 45T..17T 54T...26T - -
245T..95L |30T...2T 36T...2T 39T... 11T |45T...11T 54T...20T 66T...32T -
31T...11L 38T...3T 45T...3T 48T...13T 55T...13T 65T...23T 79T...37T - -

37.5T...12.5L | 46T...3T 53T...3T 58T...15T 65T...15T 77T..27T 93T...43T

445T...14.5L | 54T...4T 63T...4T 67T...17T 76T...17T 90T...31T 109T...50T

...94T
51T...16L 62T...4T 71T..4T 78T...20T 87T...20T 101T..34T  |123T...56T |{g57. 98T

184T...108T
58T...18L 69T...4T 80T...4T 86T...21T orT..21T 13T...37T  |138T...62T  |190T...114T

211T...126T
65T...20L 77T..5T 90T...4T 95T...23T 108T...23T |125T..40T |153T...68T |5477. 130T

K7 M7 N7 P7
Housing Bearing | Housing Bearing |Housing Bearing |Housing Bearing

st | | I

10T...18L  |15T...8L 19T...4L 24T..1T
12T..14L  |18T...8L 23T...3L 20T...3T
15T...15L  |21T...0L 28T...2L 35T...5T
18T..18L  |25T..11L  |33T..3L 427...6T
21T..22L  |30T..13L  |39T...4L 51T..8T
25T..25L  |35T...15L  |45T...5L 59T...9T
28T..30L  |40T..18L |52T..6L 68T...10T
28T..37L  |40T..25L  |52T..13L  |68T...3T
33T...43L  |46T..30L |60T..16L  |79T...3T
36T...51L 52T...35L 66T...21L 88T...1T
40T..57L  |57T..40L  |73T..24L  |98T...1T
45T..63L  |63T...45L  |80T..28L  |108T...0
Note: Fitting code “L” means the clearance and “t” means the interference.
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