Tolerances

Radial Ball, Spherical and

Cylindrical Roller Bearings

Depending upon requirements, various degrees of bearing
accuracy may be required.

Among the tolerance classes PO applies to ball bearings
for normal useage. The other classes P6, P5, P4, P2 apply
to ball bearings of increased precision as required.

PO applies to roller bearings for nonmal usage. P6 and P5
apply to roller bearings of increased precision as required.

Tolerances Symbols-inner Ring

Adm Single plane mean bore diameter deviation from
basic bore diameter, i. e. bore tolerance for a
basically tapered bore, A dw refers only to the
theoretical small bore end of the bore.

K Radial runout of assembled bearing inner ring, i.e.,
radial runout of raceway.

Va: Inner ring width variation, i. e. parallelism.

Se Inner ring reference face runout with bore, i. e.,
squareness - bore to face.

Su Axial runout of assembled bearing inner ring, i. €.,
lateral (axial) runout of raceway.

A B. Single inner ring width deviation from basic, i. .,
width tolerance.

Tolerances Symbols-outer Ring

A D= Single plane mean outside diameter deviation from
basic outside diameter, i. e. O.D. tolerance.

K.  Radlal runout of assembled bearing outer ring, i. e.,
radial runout of raceway.

Ve, Outer ring width variation, i. e. parallelism.

So Outside cylindrical surface runout with outer ring
reference face, i. e., squareness O.D. to face.

Su Axial runout of assembled bearing outer ring, i. e.
lateral (axial) runout of raceway.

A C.  Outer ring width deviation from basic, I. e., width
tolerance.
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Tolerances NE
Radial Ball, Spherical and Cylindrical [EeBK, O AN E AR F A
roller Bearings HEAZE
Standard ISO Tolerances-Inner Ring
Bearing Bors Diameter Width Varialion Raceway Face Runout Raceway Axial Width
Bore (Parallelism) Radial Runout With Bore Runout Inner & Outer
(Squareness) Rings
L3 migm REEER R HE {2 15 B = X AFLEY i WM
IALES (Ff7E) Bzh e Bk zh RE
(EEE)
d A dm Vo Kia S¢ Sa AB:&AGC
over Incl.
# = PO P6 P5 P4 P2 | PO P6 P5 P4 P2 PO P6 PS5 P4 P2 P5 P4 P2 P5 P4 P2 |PO,P6 PS5, P4,P2
mm zm Hm Hm pm pm am
.0 10 (8 -7 -5 4 25| 156 16 6 25 15 10 6 4 2515 iz 3 1.5 7 3 1.5 -120 -40
10 18 |8 -7 -5 4 -25| 20 20 5 25 15 10 7 4 2515 7 3 1.5 7 3 1.5 -120 -80
/18 30 |[-10 8 -6 -5 -25( 20 20 5 25 15 130 8 43 =26 8 4 1.5 8 4 25 -120 -120
30 50 (12 10 -8 -6 -25] 20 20 5 3 15 15 10 5§ 4 25 8 4 1.5 8 4 2b -120 -120
50 80 |15 12 -9 -7 4 25 256 4 15|20 10 5 4 25| 8 5 1.5 |8 &5 25| -150 -150
80 120 |-20 -15 -10 -8 -5 25 25 7 4 25 25 13 6 5 25 9 5 25 9 5 25 -200 -200
120 150 | -25 -18 13 -10 -7 30 30 8 5 25 30 18 8 6 256 10 6 25 10 7 25 -250 -250
150 180 |-25 -18 13 -10 -7 30 30 8 5 4 30 18 8 6 5 10 6 4 10 7 5 -250 -250
180 250 [ -30 -22 -15 -12 -8 30 30 10 6 5 40 20 10 8 5 1" 7 5 13 8 5 -300 -300
250 315 |-35 -25 18 - - 3% 35 13 - - 50 25 13 - - 13 = - 15 - - -350 -350
315 400 | 40 -30 -23 - - 40 40 15 - - 60 30 156 - - 15 - - 20 - - -400 -400
400 500 | -45 -35 - = - 50 456 - - - 66 35 - - - - - - o = Ci 450 C
500 630 |-50 40 - - - 60 60 - - - [70 40 - - - S = o= -500 -

The tolerances in this table are in conformity with GB/T 307. 1-94 (equal to ISO 492-1986) radial bearing lolerance.
d= (the smallest single diameler of a bore) and dw (the largest single diameler of a bore) may fall outslde limils

shown -d‘i;—dﬁ must be within outside diameler tabulated.

AFZMAEEST GBIT 307.1-94 (%5 F 1SO 492-1986)(E) 47k /A %,
Wdea (A2 (A /M0 d e (2 MIBAL) ST REB L ZEM ., {8 ﬁ"’“—;d& BT EER,
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Tolerances nE
Radial Ball, Spherical and Cylindrical )R, BT E AR T A
Roller Bearings SHELNE
Standard 1SO Tolerances-Outer Ring
Bearing Qutside Diameter ™ Width Variation Raceway Raceway Axial Outside Digmeter
0.D. (Parallelism) Radial Runout Runout Runout With Face
(Squareness)
Wik ShEm REER il {2 ) Heah pi:37:1 SMEIIRE R
Sz (EA7EE) (o] Hk 2 zh
(EHE)
D A\ Do Ve Kea Sa So
over incl. |pgp pg P5 P4 P2| POP6S PS5 P4 P2 (PO P6 P5 P4 P2 P6 P4 P2 | P5 P4 P2
g =
mm jm pm pm #m Mm
18 3 |-9 -8 -6 -5 4| 20 5 25 16|15 08 6 4 26| DS 26 (18N 15
30 5 (-1 9 7 6 4| 20 5 25 15| 2 10 5 26 8 5 25 8 4 15
50 80 (13 -1 8 -7 4| 26 6 3 16|25 13 8 5 4 0 5 4 8 4 15 \
80 120 (15 13 -10 -8 5| 25 & 4 25|35 18 10 6 5 1 6 5 9 5 25
120 150 [-18 15 11 -9 5| 30 8 5 26|40 20 M 7 5 13 7 5 10 5 25 \
150 180 | 25 -18 13 -0 7| 30 8 5 25|45 23 13 8 5 14 8 5 10 5 25
180 260 [-30 -20 45 -11 8| 30 10 7 4 50 26 15 10 7 15 10 7 W o \
250 315 |35 25 18 13 8| 3 11 7 5 60 30 18 11 7 18 10 7 13 8 5
315 400 | 40 -28 20 -15 -10/ 40 13 8 7 70 3 20 13 8 20 13 8 13 10 7 [
400 500 | 45 -33 23 - . 4 15 - - 80 40 23 - < M . = 15« =
500 630 | -50 -38 -28 - - 50 18 - - 100 650 25 25 B 181 = ‘

The tolerances in this table are in conformity with GB/T 307. 1-94 (equal to ISO 492-1986) radlal bearing tolarance.

0D e (the smallest single diameter of an 0.D.) and D .., (the largest single dilameter of an O.D.) may fall oulslde limits
shown %“‘- must be within outside diameler tabulated.

AERMAEEST GBIT 307. 1-94 (FFEF 1SO 492-1986) stk 2,
Dan (SMEZEBAME)FID su (SMEHBAM)TEAHERE. & Dm—gﬁ&ﬂﬁﬁﬁ%&
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Internal Clearances 1Z )RR

Ourradial clearance designations are the same as 150
ISO symbols as follows:

Designations

Description ¥ B

Snug fit; slight intemal clearance;
Cc2 somelimes use to achieve a minimum c2 R, iR EER/ER M@
of radial or axlal play in an assembly. %, 1N 6208/C2

Example: 6208/C2

Medium fit; intemal clearance
generally satisfactory with

3 — 3 P —
co recommended shaft and housing fits co EANR. —MREBERE—DPRER
shown on pages. FS#MFEMNRCS, 06208
Example: 6208.

Loose fil; considerable intemal
clearance required for applications

Involving press fits on both Inner and FARFBR . AT A B0 SR AR AL T Skt
C3 ouler rings, extra Intarfarence fits, or c3 RASEFAEEZEMNHS, IN6208/C3

temperalure differentials.
Example: 6208/C3

Extra Loose fit: large amount of

intemnal clearance for applications BIWH . BFATRRARAEET
. . . = mn
(7' involving large interference fits or C4 2 40 6208/C4

lemperature differentials.
Example: 6208/C4

Extra-Extra Loos fit; extra large
amount of intemal clearance for

c5 applications with large lemperature Cc5 AN, BT RSEEL TR AR
differential and interference fits on SRNHFEREZENDHS . In 6208/C5
both rings.

Example: 6208/C5

www.fodabearing.om
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Internal Clearances ODA

Radial Spherical Roller Bearings BT N4
Radial intemal Clearance (RIC) is the radial play within a BaERRIC)ZMRABAZEMHI.  NE@ERT

bearing. RIC's allow a tight fit, with sufficient intemal
clearance after installation for normal operating conditions.
Spherical Roller Bearings with tapered bore (K) require a
slightly greater interference fit on the shaft than would a
cylindrical bore bearing.The effect of this greater
interference fit is a reduction of RIC. For tapered bore
bearings, it is critical to select the RIC that allows for this
reduction.

For example, bearing number 22328 K/C3 (140mm bore
with C3 clearance) is to be mounted on a tapered shaft.
By feeler gauging, RIC is found to be 0.178mm. The chart
indicates that the proper fit will be obtained when RIC is
reduced by 0.064 to 0.089mm. Clearance after mounting
is computed; 0.178-0.076=0.102mm. The locknut should
be tightened until RIC reaches 0.102mm.

Several factors influence RIC reduction. Inner rings pressed
into solid steel shafts expand approximately 80% of the
interference fit. Outer rings pressed into steel or cast iron
housings reduce RIC by about 60%, of the interference fit.
For RIC reduction on hollow shafts or non-steel materials
consult the engineering dept.

We are supplied with NORMAL RIC, unless otherwise
specified. The desired RIC code must be added to the
bearing number, FOLLOWING ALL OTHER SUFFIXES.
Min./max. values for each RIC are shown in the two
adjacent columns directly beneath the selected RIC. Each
single column represents a boundary between adjacent
RIC's. For example, the minimum values shown for C5
are also the maximum values for C4; minimum values for
C4 are also the maximum values for C3; etc.

MAFHRERLE REMNEEETRITARBHAR
i1

B OERT AN A EAL (KN ZR ARSI A3 2 R LA
HILMANEA—R, EANLRBNSIERIC H&ED,
MTHELR, ERENEEERRIC AL, ZREER,

Bl: 22328 KIC3#7& , (9425 140mm, CIAWB) R %A
@ ey, AERNES. RICH0.178mm, MNEHEE
#ERIC /> 0.064 Z 0.089mm B T34 B & E MM S, %/
a9 R (0.178-0.076=0.102mm), FT W § B2 B D FUHEE
RIC3£%) 0.102mm H 1k,

JLMSIRRICRPHER, ABEAROHHHLLSIE
MEKAKRLY80% ML RE. SMNEEAFSRGHIINE LT
REER3IRRICHADL60% it RE, T ORI
WERHE, RICESRFESRATDHEERRAARKR,

HARBRSTHRRAS, —BRAEEMRIC, RICRSK
MEMREERSE.

AR ARIC THBMIIAZIH TRICHE/N, RXE. &
— B RRBERICHFR. Bln: CSMR/IMEA CAM
RAE. C4ME/MEthE C3 MRAESS.
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Internal Clearances 12 (a5 pE
Radial Spherical Roller Bearings BEFR
Radial Internal Clearance Limits 2 [a) X5 B
Cylindrical Bore Tapered Bore
B mig7l
Bore Normal Normal Recommended | Recom mended
( nominal ) ( Standard ) c4 ( Standard ) 4 Reduction RIC after
AEBRE BHAA HAN of RIC Due to Inslallation™
(#08) () Installation BNRES
min. max | min. max min. max | min. max. B RES RIC™
d B A | B RK B WA | B BK RIC g it
c2 C3 C5 c2 C3 C5
over Incl min.  max. min. max. | min. max min. max. | min. max. [ min. max min.  max. min.
Fiibus z |’ BX B BK | BB WK e R | B BR | R BK ' BK -0\ |
LLEL pm pm Am Hm
24 30 16 | 26 40 55 75 |95 20 | 30 40 [ 65 75 |95 15 20 15 |
30 40 15 30 45 60 80 100 25 35 50 65 85 105 20 25 15
40 50 20 35 55 75 100 126 30 45 80 80 100 | 130 25 30 20
50 65 20 40 65 80 120 150 40 55 75 95 120 | 160 30 38 25
65 80 30 50 80 110 145 180 50 70 95 120 150 | 200 38 51 25 ‘
80 100 35 60 100 135 180 225 55 80 110 140 180 | 230 46 64 36
100 120 40 75 120 160 210 260 65 100 135 170 220 | 280 51 71 51
120 140 50 95 145 180 240 300 80 120 160 200 260 | 330 64 89 56
140 160 60 110 170 220 280 350 90 130 180 230 300 | 380 76 102 56 ‘
160 180 65 120 180 240 310 390 100 140 200 260 340 | 430 76 114 61 J
180 200 70 130 200 260 340 430 110 160 220 290 370 | 470 89 127 71 [
200 225 80 140 220 290 380 470 120 180 250 320 410 | 520 102 140 76
225 250 90 150 240 320 420 520 140 200 270 350 450 | 570 114 152 89
250 280 100 170 260 350 460 570 150 220 300 390 490 | 620 114 165 102 1
280 315 110 190 280 370 500 630 170 240 330 430 540 | 680 127 178 102
315 355 120 200 310 410 550 690 190 270 380 470 590 | 740 140 190 114 J
355 400 130 220 340 450 600 750 210 300 400 520 650 | 820 152 203 127 ‘
400 450 | 140 | 240 370 500 660 | 820 230 | 330 440 | 570 720 | 910 165 216 152
450 500 140 260 410 550 720 900 260 370 490 630 790 | 1,000 178 229 165 I
500 560 150 280 440 600 780 1.000 290 410 540 680 870 | 1.100 203 254 178
560 630 170 310 480 650 850 1,100 320 460 600 760 980 | 1,230 229 279 203 J
630 710 190 350 530 700 920 1,190 350 510 670 850  1,090| 1,360 264 305 203
710 800 210 380 580 770 1,010 | 1,300 390 570 750 860 1,220 1,500 279 356 229
800 900 230 | 430 650 860 1,120 | 1,440 | 440 640 840 1,070 1370| 1,690 [ 305 381 252
900 1,000 | 260 480 710 930 1,220 | 1,570 490 710 930 1,190 1,520] 1.860 356 432 279

WFor bearings with normal initial clearance

0% S YRR RO
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Internal Clearances

Radial Ball Bearings

In the manufacture of ball bearings, it is standard practice
to assemble rings and balls with a specified internal
clearance. This characteristic is necessary to absorb the
effect of press fitting the bearing rings at mounting.
Intemal clearances sometimes are utilized to compensate
for thermal expansion of bearings, shafts and housings or
to provide a contact angle in the bearing after mounting.
Internal clearance can be measured either by gauging
radially or axially.

Radial measurement is accepted as the more significant
characteristic because it is more directly related to shaft
and housing fits.

Radial Internal Clearance

The radial intemal clearance of a radial contact ball bearing
can be defined as the average outer ring raceway diameter
minus the average inner ring raceway diameter minus twice
the ball diameter.

Radial internal clearance can be measured mechanically
by moving the outer ring horizontally as pictured in Figure
1. The total movement of the outer ring when the balls are
properly seated in the raceways determines the radial
internal clearance. Several readings should be taken using
different circumferential orientations of the rings in order
lo get a comprehensive average reading.
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Internal Clearances
Limits for Radial Internal Clearance of Single

Row, Radial Contact Ball Bearings Under No Load
( Applies to Bearings of PO, P6, P5, P4, P2 Tolerances )

EIoh:

T ATEE R T8 OBk &Z o) KBRS B
(ERTFPO. P6. P5 . P4, P2RNEZHHK)

(R

FODA

-2

B;::;zg? Acceplance Limils Acceplance Limils Acceptance Limits Acceplance Limits Acceplance Limits
P o % F: £ 3
d
c2 co c3 C4 Cs
over Incl min. max. min, max. min. max. min. max. min. max.
plibus E i/ A 1R/)\ A ) A & B/A &/ K
mm Jm am pm Hm Hm
2.6 10 0 7 2 13 8 23 14 29 20 37
10 18 0 9 3 18 1 25 18 33 25 45
18 24 0 10 5 20 13 28 20 36 28 48
24 30 1 i 5 20 13 28 23 41 30 53
30 40 1 1 6 20 15 33 28 46 40 64
40 50 1 1 6 23 18 36 30 51 45 73
50 65 1 15 ] 28 23 43 38 61 55 90
85 80 1 15 10 30 25 51 46 71 65 105
80 100 1 18 12 36 30 58 63 84 75 120
100 120 2 20 15 41 36 66 61 97 90 140
120 140 2 23 18 48 41 81 71 114 105 160
140 160 2 23 18 53 46 91 81 130 120 180
160 180 2 25 20 61 53 102 91 147 135 200
180 200 2 30 25 7 63 117 107 163 150 230
200 226 2 35 25 85 75 140 125 185 175 265
225 260 2 40 30 95 85 160 145 226 205 300
260 280 2 46 35 105 90 170 156 245 225 340
280 315 2 55 40 115 100 190 175 270 245 370
316 356 3 60 46 126 110 210 195 300 275 410
355 400 3 70 55 145 130 240 225 340 315 460
400 450 3 80 60 170 150 270 250 380 350 510
450 500 3 30 70 150 170 300 280 420 390 570
500 560 10 100 80 210 150 330 310 470 440 630
560 630 10 110 90 230 210 360 340 520 490 690
630 710 20 130 110 260 240 400 380 570 540 760
710 800 20 140 120 290 270 450 430 630 600 840
800 900 20 160 140 320 300 500 480 700 670 940
900 1000 20 170 150 350 330 550 530 770 740 1040
1000 120 20 180 160 380 360 600 580 850 820 1150
1120 1250 20 190 170 410 390 660 630 920 890 1260
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Internal Clearances
Cylindrical Roller Bearing Radial Internal

Clearance Limits

12 [P

BT R A2 R

)

ODA

Tl

882:122: Acceptance Limits Acceplance Limils Acceptance Limits Accaplance Limits Acceaptance Limits

ABRE ol sefH fret | e bl

d

c2 co C3 Cc4 C5
over incl min. max. min. max. min. max. min. max. min. max.
Al E i) BA EdN BA R/ |A ) R’A 1R}/ (7N

mm Hm pm Hm pm pm
- 10 0 25 20 45 35 60 50 76 - -
10 24 0 25 20 45 35 60 50 75 65 90
24 30 0 26 20 45 35 60 50 75 70 86
30 40 5 30 25 50 45 70 60 85 80 105
410 50 5 35 30 60 50 80 70 100 95 126
50 65 10 40 40 70 60 90 a0 110 110 140
65 80 10 45 40 75 65 100 90 126 130 185
80 100 15 50 50 85 75 110 105 140 165 180
100 120 16 55 50 90 85 125 126 1656 180 220
120 140 15 60 60 105 100 145 145 190 200 245
140 160 20 70 70 120 116 165 166 216 226 276
160 180 25 75 78 125 120 170 170 220 250 300
180 200 35 90 90 145 140 195 196 260 275 330
200 225 A5 105 106 165 160 220 220 280 305 365
226 250 45 110 110 176 170 235 235 300 330 395
260 280 55 126 126 195 190 260 260 330 370 440
280 315 65 130 130 206 200 275 275 350 410 485
315 355 65 145 145 225 225 305 305 385 455 535
366 400 100 190 190 280 280 370 370 460 510 600
400 450 110 210 210 310 310 410 410 510 565 665
460 500 110 220 220 330 330 440 440 5560 825 735
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Dynamic Load Ratings and Life

Calculations

Rating Life

Life: For an individual rolling bearing, the number of
revolutions which one of the bearing rings makes in relation
to the other ring before the first evidence of fatigue develops
in the material of one of the rings or rolling elements.

Basic rating life: For an individual rolling bearing, or a
group of apparently identical rolling bearings, operating
under the same conditions, the life associated with 90%
reliability, with contemporary, commonly used material and
manufacturing quality, and under conventional operating
conditions. Basic rating life L. can be calculated with
following formulas:

For radial ball bearing Li=(C+/Pr)>  in million revolutions
For radial roller bearing Liw=(C+/Pr)* in million revolutions

Here Cr is basic dynamic radial load rating, in newtons.
Pr is dynamic equivalent radial load, in newtons.

Adjusted rating life: The rating life obtained by adjustment
of basic rating life for a desired reliability level, special
bearing properties and specific operating conditions.
Adjusted rating life can be calculated with following formula:
Lw=aia:aile

Here a. is life adjustment factor for reliability. Its values are
given in following table.

Rellabllity % | 90 95 96 97 98 99
a 1 0.62 | 0.53 | 044 | 0.33 | 0.21

a: is life adjustment factor for special bearing properties.
a» =1 for the bearings commonly ordered from US . When
the bearing with a: >1 is desired, please specially order
from US under guidance of the Sales Engineer.

as is life adjustment factor for operating conditions.
Operating conditions taken into account here include the
adequacy of lubrication, presence of foreign matter, and
conditions causing changes in material properties, for
example, high temperature causing reduced hardness.
Where the negative influence of above mentioned would
not exist, a could be equal to 1, otherwise values of a,
less than 1 should be considered. Values of a: greater than
1 may be considered only where the lubrication conditions
are so favorable that the probability of failure caused by
surface distress is greatly reduced.
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FODA

R
WMENBEMERITE =

ik

F: E—ERSNMKNEBIRAROMBP HIE—
MRGEY RER 2, — M EEEN A - EEETHE
B, HTFEHENHMRERFNLERETORSFHRER
B, AR R 7T SR R SO A B

BA@REFm XNT—ERMRE—BER KU TIE
RONETHENRSDHK, ZFFE50%NTHRE, ¥
ReRAMTRENEEAMEEFAEXNFE, &
e Lo BT H:

e OER A Lia=(Ce/Pr) B BHE
EORTHRK  L=CiP)> B A%

EX, CizmERBER LS. B4 N
Prizm L iziasy, 86 N

BEBES M % BT R HMKTE, R MR AE
MAEENTERMY, TxtERTESwTEERGER
BeHd, BEMEHED Lo ZRTRIHH:

Lna=aia:aiLio

EX, a TS ERK, HEESTT*.

oRE % 90 95 96 97 98 99
a 1 0.62 | 0.53 | 0.44 | 0.33 | 0.21

MR ESFGEIERK, TN —ARITHAH
R, aBA1, AREa>1, HKE A 14T
.
afRIZIT R IR I IER LR EE BAZITR RN
HREBRD . IRAFUR. UEACTESEMRMERER
TEFAF, MEREMEEERF. TERFFGma, W
Ba=1, F LRRF ¥ mE, EEERa/hF1, REH
R F R R AR RRE SRR TR R,
THEEERaEAT 1.
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Dynamic Load Ratings and Life

Calculations

Basic Dynamic Load Rating

Basic dynamic radial load rating Cr: That constant stationary
radial load which a rolling bearing could theoretically endure
for a basic rating life of one million revolutions. In the case
of a single row angular contact bearing, the radial load
rating refers to the radial component of that load which
causes a purely radial displacement of the bearing ring in
relation to each other.

The basic dynamic radial load ratings of various bearings
can be obtained from the cataleg.

Basic dynamic radial load rating for bearing combinations
For two similar row radial ball or roller bearings mounted
side by side on the same shaft such that they operate as a
unit (paired mounting), the basic radial load rating of the
pair is the basic radial load rating of the single bearing
multiplied by 1.6 for ball bearing or by 1.7 for roller bearing.

Dynamic Equivalent Load
Dynamic equivalent radial load Pr: That constant stationary
radial load under the influence of which a rolling bearing
would have the same life as it will attain under the actual
load conditions.
The dynamic equivalent radial load Pr, for radial ball
bearing and spherical roller bearing, under constant radial
and axlal loads, s given by
LPr=XFr+Y Fa

Here  Fr is radial component of actual bearing load, in

newtons.

Fua is axial component of actual bearing load, in

newtons.

X is dynamic radial load factor.

Y is dynamic axial load factor.
Values of X and ¥ for radial ball bearings are listed in
Table3. For spherical roller bearing X and ¥ are variable
on two different conditions:

Fa
X=1Y=Y:, when F <e

‘r

X=067Y=Y2, when }:—," >e

r
Values of e, ¥1,¥2 are given in the catalogue.

For cylindrical roller bearing, under radial load only
Pr=Fr

Nole- The ability of cylindrical roller bearing to support axisl loads varies
considerably with bearing design execution. The bearing user should
therefore consult Technology Section of US for recommendations
regarding the evaluation of equivalent load and life in case where cyfindrical
roller bearing Is subjected to axial load.

(R

FODA

\
M s Fw it E =

EXMEN A
BrEEAmEs s CrRis—EMRBRIERZNEER
L EXAFHEATHRELABZSEG A1 B A%, HTET)
AR, ZRERIESRMAERAEE LA
BN RFNEa> R, SMMROGZEERBENRE
TAERFEARER.

RRBR A HBEATE A,

AEHR RS EIRIR T MAHFHRKZER ML,
WP — B (LK), X—HRANZ R EXTR R
FrR SN XA EARBR A 19 1.6 5 (IR R
17 (R FRETHK).

2 R3S
BEMRNAE PrRIE-ERNZECRE, £ZAFIER
TRAR 5REAFH{ER THER RS,
X FEOBRR A R FHR, EREAR 6 FhE R
FEAT. BaYEshhe ProA:
Pr=XFr+Y Fa

EXep, FrWMREGEREGOERSE, 8460 N

Fo RRRRFRAFR MO R, B4 N

X AREHRETRY

Y hHmEsRET R,
) OBRFRARAY X, ¥ 69163 T 3. EOET RN X, Y
HRE PR ER:

Fa
Fr

F
M2 S e, X=067 F=12,
Fr

e, Vi Y2 BMEEERHAANSH

X FEERE TR, RAARZEHAF .20 Y R OGP
H:

1 <eft, Xx=1,¥=1,

Pr=Fr

B BERTHFIORRARRFTIEH SHROSEHNTEXFRA, BER
FRHABIERZBRMEANMTH, APTS5 FEARBIRRARARERR
il s,

www.fodabearing.om



Dynamic Load Ratings and Life

Calculations

Dynamic Equivalent Load

Table3-Values of X and Y for radial ball bearings

BMEDAEHERITE
= B 3 %o

3 EORMAMX Y E

)

ODA

Tl

Single Row Bearings

Double Row Bearings

BRHR R
Bearing Type “Relative Axial Load™ "2 . i & &
b33V Hasism Ry 2 “ce —“se <e se e
Fr Fr F F
X ¥ X Y X Y X Y
S F Fi
G izl

0172 0.172 23 23 0.19
Radlal Conlact Groove 0.345 0.345 1.99 1.99 0.22
Ball Bearings 0.689 0.669 i 1.71 1.71 0.26
Fm A TERShR 1.03 1.03 1.55 1.55 0.28
1,38 1.38 1 0 | 056 145 1 0 056 | 1.45 0.3
2.07 2.07 1.31 1.31 0.34
3.45 345 145 1.15 0.38
5.17 517 1,04 1.04 0.42
6.89 6.89 1 1 0.44

LlF i

Cor ZD\i

0178 0172 ke 147 185 | 2.39 0.38
0.357 0.345 14 1.57 2.28 0.4
Angular Contact 0.714 0.689 13 148 T2 043
Groove Ball 1,07 1,03 1.23 1.38 2 0.46
i o=15°| 143 0.38 10|07 | To4aT [T 9 N | 34 T 10721 [ 10493 0.47
MM BERRER 244 2.07 1.12 1.26 1.82 0.5
3.57 345 L ] 1.02 114 1.66 0.55
5,35 517 1 1.12 1.63 0.56
7.14 6.89 Ay 1 112 1 163 0.56
0=25° - = 0.41 0.87 0.92 0.67 1.41 0.68
x=40° - - 0.35 0.67 0.55 057 | 093 1.14

Nole: " Pemmisslble maximum value depends on the bearing design (intemal clearance and raceway groove depth). Use the firstor

second column depending on available information.

2 values of X, ¥ and e for intermediale “relative axial loads™ and/or contact angles are obtained by linear inlerpolation.
3 For values of /s see ISO 76.

#E AEMRAMREFRRH BN S IENRE), RIECAREAERAFT—ERE M,
IntF CHERMERE REMBMBEEE, X, Y0 e HThEERTEERS.
3 fo{ii £ L GBIT4662 (SO 76)
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Fits
Shaft and Housing Fits

Radial Ball, Spherical, Cylindrical Roller Bearings
Below is a graphical representation of shaft and housing
fit selection for these bearings conforming to 1SO standard.
The bars designated by g6, h6 etc. represent shafthousing
diameter and tolerance ranges to achieve various loose
and interference fits required for various load and ring
rotation conditions.

(R

FODA

-2

THEEHE ISOMEMNBARSHIOMENRESMER, X
L1774 96. h6 FMMIRRRIERR = F0 2 B R AR
T AHBETFERAELE SRR, RISHERIAE
A,

)
BRI ERE
Bk, RERF. EHRTHE

Tight Fit Range 7
ERAEH H

Shaft O.D. H

Tolerance

Range Nominal Bearing Bore H

LT AHHKAER E

PNEEE

Bore Tolerance
miznZ

1€<— O —>+

Loose Fit Range
RRAaTEH

Housing
Bore
Tolerance
Range
SheEfl
NETEE

Loose Fit Range
BEAEHE

Tight Fit Range
ERAicH

Nominal Bearing O.D.
DRIBRINE

1€<— o —>+
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Fits

Shaft and Housing Fits

Radial Ball, Spherical,
Cylindrical Roller Bearings

Tolerance and shaft diameters shown as variance from

nominal bearing bore, using the symbols in the graph.

[y
BB Y D
mLER. BOET. BERTHE
AR AZHERAZFS THMERRAN T

(R

FODA

-2

FREFARAZMRE., RE—27 HZFE S TR H R A R

EAMBMRENSE. "L RFMRER. T RRESR

All data except nominal dimensions are thousandths of a
millimeter.

oA,

BRAFRRTSM, HARBIBLI BB R,

Shaft &
Bearing
Bore 6 g6 hé h5 15 16 k5 k6
kAR
Nomlnal | Tol. | Shaft Dia. | Fit | Shaft Dla. | Fit| Shafi Dia. | Fit | Shaft Dia. | Fit | Shaft Dia.| Fit [ Shaft Ola. | Fit | Shaft Dia. | Fit | Shaft Dia. | Fit
(max.)
AFRAK) |22 | HHE |RE HESE |RE HAR (Ra| HAR |BE HER [Ba RAR (R4 NAR R4 R#AR (RS
over Incl |0 To |max. min. max. min. max. min. max. min. max. min. max. min. max. min. max. min.
Mz E [0z |BRK mA B BA & BA &N BA ®Bh BA i) |A B mA /)
mm Hm Am Hm Hm Hm Hm Hm Hm Hm
18L 12L 8L 5L 2L 2L 1T
3 6 -8 |-10 -18 -4 12 0 -8 0 -5 +3 -2 +6 -2 +6  +1
2L 4T 8T 8T N"T 14T 14T
221 14L aL 6L 2L 2L 1T
6 10 -8 | -13 -22 5 14 0o -9 0 -6 +4 -2 +7 -2 +7 #
5L 3T BT 8T 127 15T 15T
27L 17L 11L aL aL 3L T
10 18 -8 | -16 -27 -6 -17 0 -1 0 -8 +5 3 +8 -3 +8  +1
aL 2T 8T 8T 13T 16T 17T
3L 20L 13L 4L 4L 2T
18 30 | -10 | -20 -33 -7 -20 0 -3 +5 4 19 4 +11  +2
10L ar 10T 15T 19T 217
4L 25L 16L sL 5L 2T 2T
30 60 -12 | -26 -H1 -9 -256 0 -16 +6 -5 +11 -5 +13 +2 +18 +2
13L T 127 18T 23T 25T 30T
49L 28L 19L 7L 7L 2T 2T
50 80 | -15|-30 -49 -10 -29 o 19 6 -7 +12 -7 +15 +2 +21 +2
15L 6T 16T 21T 27T 30T 36T
58L 34L 22L aL aL 3T ar '
80 120| -20 | -36 -58 -12 -34 0 -22 +6 -9 +13 -9 +18 +3 +25 +3
16L BT 20T 26T 33T 38T 46T
68L 39L 250 1L 1L aT 3T
120 180 -25 | -43 -68 -14 -39 0 -25 +7 -1 +#14 -11 +21 +3 +28 +3
18L 11T 25T 327 39T 46T 83T
79L 44L 2901 15L 13L 47 l
180 200| -30 | -50 -79 -15 44 0 -29 +7 13 +16 -13 +24 +4
20L 15T 30T 37T 46T 54T
79L 44L 29L 13L 13L 4T
200 225| -30 | -50 -79 -15 44 0 -29 +7 13 +16 -13 124  +4
20L 18T 30T 37T 46T 54T
79L 44L 291 13L 13L 4T
225 260| -30 [ -50 -79 -15 44 0 -29 +7 13 +16 -13 +24 +4
20L 15T 30T 37T 46T 54T
88L 49L 32L 16L 16L 4T
250 280 | -35 | -56 -88 -17 49 0 -32 +7 -16 +16 -16 +27 +4
21L 18T 35T 42T 51T 62T
86L 48L 32L 16L 16L 4T
280 315| -35 | -56 -88 -17 49 0 -32 +7 -16 +16 -16 +27 +4
21L 18T 35T 42T 51T 62T

The lolerances in Lhis table are in conformity with 1ISO standard.

KBNS I1SOFE—TK
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Fits

Shaft and Housing Fits

Radial Ball, Spherical,
Cylindrical Roller Bearings

Tolerance and shaft dlameters shown as variance from
nominal bearing bore, using the symbols in the graph.
All data except nominal dimensions are thousandths of a
millimeter.

- (R
= FODA
MRSMRMES N—A4
FAOER. BLETF. EERTFHRK

RU IR A ZREHAZH S THRABRENF2
FEARARNRE. B 27 HIZMESTREHIAR
BEABACRTSAEIE, LT RRMREMR, T RRER
TE.

BRATRRIT SN, EABGRSMAAS B,

Shaft 3
Bearing
Bore m3 m6 n6 P6 6 7
HRHE
Nominal Tol. |SheflDla. | Fil Shafi Dls. Fil Shaft Dla. Fit Shafi Dle. Fit Shaft Dla. Fit Shaft Dla. | Fil
(max.)
oK) [ A2 MM E [543 LU TR fice iz (i) MHfE [{r=y M (=3 WEE |RE&
over Incl 0To |[mex min. maex. min. max. min. max. min. max. min. max. min.
igE E [ 0E ||’RX @) mx R X WD ‘A R/h mA A fh
mm m Am Jim um um pum pm
3 6 -8 +9 44 4T
17T
6 10 -8 +12 46 6T
20T
10 18 -8 +15 +7 71T
23T
18 30 10 | +17 +8 6T
2717
30 60 | 12 |+20 48 9T | +25 49 OT
32T 3T
50 80 | -15 | +24 +11 MT [ 430 +11 T | 439 49 20T
39T 45T 54T
80 120| 20 | +28 +13 13T | 435 413 T | 45 423 2T | .59 37 T
48T 65T a5T 79T
120 80| -25 | +33 +15 5T | 40 +15 T | w50 w27 T | e w43 BT|ig0 +es 0T
58T 65T 777 93T 16T
7T
180 200| -30 +37 +17 uas +46  +17 7 +60 +31 81T +79  +50 Sa) +106 +77
67T 76T 90T 109T 136T
17T 17T 3T 50T 80T BOT
200 225| -30 +37 +17 +46  +17 +60 +31 +79  +50 +109 +80 +126 +80
67T 76T 80T 100T 1367 156T
177 S0T 847 84T
226 260 30 +37 +17 \ar +48  +17 460 +31 ALy +79  +50 +113 +84 +130 +84
67T 76T 0T 1097 143T 160T
20T 20T 34T 56T 94T 94T
250 280| -35 +43 +20 +62 420 +66 +34 +88 +56 +126 +94 +146 +94
76T 87T 101T 123T 1617 1817
20T 20T 34T 56T 98T 98T
280 315| -36 +43 420 +52 120 +66 434 +88 +56 +130 +98 +160 498
76T 87T 101T 123T 166T 1867

The tolerances in this table are in conformily with ISO standard.
FPAR51SO FFlE—HK
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Fits

Shaft and Housing Fits

Radial Ball, Spherical and

Cylindrical Roller Bearings

Tolerance and housing bore shown as variance from

B

ISR

mEk. BORT. ERERTHE

R FRIMEAZHSNRILZERABEX T ARBRIMNEAR
Z, Be— B HEZEMRESTREUIARENRRRERN

nominal bearing O.D.
All data except nominal dimensions are thousandths of a

BiE, L RELRER. T RRERIEA.
RAFRR TS, HARMIBHMURCK A B,

millimeter.
Bearing
Bore F7 G7 H8 H7 H6 J6 J7 Ké
KM
Nominal |Tol Housing | Fit | Housing | Fit | Housing | Fit | Housing | Fit | Housing | Fit | Housing | Fit | Housing | Fit | Housing | Fil
(max.) Bore Bore Bore Bore Bore Bore Bore Bore
MERK) |2 IR |RE| SMRILE (Ra| SRR |Ra | SRILE |Ba| SRR |BRe| HMRILE (Be| SRR Ea| IR Ba
over incllo To|min e max. min. max min. max min. max min. max min. max min. max. min. max.
g E ([0E (/) BA b X B BA b X e X R A B A B BK
Ly Am Hm Am Am Am Hm Hm Hm Hm
16L 6L oL oL oL 5T 8T 9T
10 18 |-8 |+16 +34 +6 +24 0 427 0 +18 0 +11 -5 +6 -8 +10 9 42
421 2L 35L 26L 19L 14L 18L 10L
20L 7L oL oL oL 5T aT 1"T
18 30 (-9 |+20 +41 +7  +28 0 433 0 +21 0 +13 -5 +8 -9 412 A1 +2
S0L 37L 421 30L 22L 17L 21L 11L
25L aL oL oL oL 6T M"T 13T
30 50 |-11([+25 +50 +9  +34 0 +39 0 +25 0 +16 -6 +10 -1 +14 -13 +3
61L 45L 50L 36L 27L 21L 25L 14L
3oL 10L oL oL oL 6T 12T 15T
50 80 |-13]+30 460 +10 +40 0 +46 0 +30 0 +19 -6 +13 -12 +18 -15 +4
7L 53L 59L 43L 32L 26L 31L 17L
36L 12L oL oL oL 6T 13T 18T
80 120 |-15|+36 +71 +12 +47 0 +54 0 +35 0 +22 -6 +16 -13 +22 -18 4
aeL 62L 6L 50L 37L 31L 37L 19L
43L 14L oL oL oL T 14T 217
120 150 | -18 [ +43 +83 +14 +54 0 +63 0 +40 0 +25 -7 +18 -14 +26 21 +4
101L 72L 81L 66L 43L 36L 441 221
43L 14L oL oL oL i) 14T 21T
150 180 | -25 [ +43 +83 +14 +54 0 +63 0 +40 0 +25 -7 +18 -14 426 21 +4
108L 79L 88L 66L 50L 43L 51L 20L
50L 15L oL oL oL 7T 16T 247
180 250 | -30 | +50 +96 +15 +61 0 +72 0 +46 0 +29 -7 +22 -16 +30 -24 +5
126L 91L 102L 76L 59L 521 60L 5L
S6L 17L oL oL oL i 16T 27T
250 315 | -36 | +56 +108 +17 +69 0 +81 0 +52 0 +32 -7 +26 -16 +36 27 45
143L 104L 116L 87L 67L 60L 71L 40L
62L 16L oL oL oL i 18T 20T
315 400 | 40 | +62 +119 +18 +75 0 +89 0 +57 0 +36 -7 +29 -18 +39 -20 47
159L 115L 120L 97L 76L 69L 79L 47L
68L 20L oL oL 0oL ri 20T 32T
400 500 | 45 | +68 +131 +20 +83 0 +97 0 +63 0 +40 -7 +33 -20 +43 -32 +8
176L 128L 142L 108L 85L 78L 88L 53L
76L 22L oL oL oL Vs 22T 44T
500 630 | -50 | +76 +146 +22 +92 0 +110 0 +70 0 +44 -7 +37 -22 +48 44 0
196L 142L 160L 120L a4L 87L 98L 50L
L 24L oL oL oL 10T 24T 50T
630 800 | -75 | +80 +160 +24 +104 0 +125 0 +80 0 +50 -10 +40 -24 +56 50 0
235L 179L 200L 156L 126L 115L 131L 75L

The tolerances in this table are in conformity with 1SO standard.
RPAEE5ISOFRE—K
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Fits =)

Shaft and Housing Fits i RHERES

Radial Ball, Spherical and BLOER. BOERT. EREETFHA

Cylindrical Roller Bearings RAFTREIMS A ZERINFRTLIE BN T ARMRINZH
Tolerance and housing bore shown as variance from B2, BE—2IHZFHESITREENG R ERBIMRE
nominal bearing O.D. s, LT REUEEM, T RRESRSAE.

All data except nominal dimensions are thousandths of a AR, B8ORS AR AL,

millimeter.

Housing 4h5%

Bearing
0.D. K7 M8 M7 N6 N7 P6 P7
RN
Housi Housin Housln; Housln i
Nominal o ousing = o} Fit 4] Fit Housing - Housing Fit g Fit Housing =
(max.) Bore Bora Bore Bore Bore Bore Bore
2% (BX)| 22 | IR RS | IMRILE |E&| INMLE |BE| HEILE | BRe| MRILE (Ba| HMEIE |BE| HMEILR (Re
Over incl|0To | min. max min  max. min. max. min. max min. max. min. max. min. max.
did E |0z @ mA g @K B BX ) ik B BA B WX B BA
mm pm fim Jm um Am Hm fm Am
12T 16T 18T 20T 23T 26T 29T
10 18 | -8 | -12 +6 15 4 -18 0 20 -9 23 -5 -26 -15 29 -1
14L 4L 8L 1T 3L i aT
15T 17T 21T 24T 28T 31T 35T
18 30 | -9 | <15 +6 17 4 21 0 24 - 28 -7 31 -18 235 -14
15L 5L aL 2T 2L qT 5T
16T 20T 25T 28T 33T 37T 427
30 50 | <11 | -18 47 20 4 25 0 28 -12 33 -8 37 -21 42  -17
18L 7L 11L 1T 3L 10T 6T
21T 24T 30T 33T 397 45T 51T
50 80 | -13 | -21 +8 24 -5 30 0 -33 -14 39 -9 45 -26 51 -21
221 8L 13L 1T 4L 13T 8T
25T 28T 35T 38T 45T 52T 59T
B0 120 | -15 | -26 +10 28 -6 35 0 -38 -16 45 -10 62  -30 59 -24
25L oL 156L 1T 5L 15T aT
28T 33T 40T 45T 52T 61T 68T
120 150 | -18 | -28 +12 33 8 40 0 -45 -20 52 -12 -61 -36 -68 -28
aoL 10L 18L 27 6L 18T 10T
28T 33T 40T 45T 52T 81T 68T
150 180 | -25 | -28 +12 -33 -8 40 0 45 .20 52 -12 -81 -36 88 -28
a7L 17L 251 5L 13L T 3T
33T arT 46T 51T 60T 70T 79T
160 250 | -30 | -33 +13 .37 -8 46 0 .51 .22 60 -14 70 41 79 -33
43L 221 aoL 8L 16L "7 3T
36T 41T 52T 57T 66T 797 88T
250 315 | -35 | -36 +16 41 9 52 0 57 -25 66 -14 79 47 88 -36
51L 26L 3sL 10L 21L 12T 1T
40T 46T 57T 62T 73T B7T 98T
315 400 | 40 | 40 +17 46 -10 57 0 62 -26 73 -16 -87 -51 -98 41
57L 30L 40L 14L 24L T 1T
46T 60T 63T 67T 80T 95T 108T
400 500 | 45 | 45 +18 -0 -10 63 0 67 -27 80 -17 95 -55 -108 45
63L 35L 46L 18L 28L 10T oT
70T 70T 86T 88T 14T 1227 148T
500 630 | -50 | -70 0 -70 -26 -96 -26 -88 44 114 44 -122 .78 -148 -78
S0L 24L 24L 6L 6L 28T 28T
80T B80T 110T 100T 130T 1387 168T
630 B00 | -75 | -80 O -80 -30 -110 -30 -100 -50 -130 -60 -138 -88 -168 -88
76L 45L 451 25L 25L 13T 13T

The tolerances in this table are in conformily with 1SO standard.

RpAES 1SO E—H
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Fits
Shaft and Housing Fits

Radial Ball and Cylindrical Roller

Bearings

These charts are guidelines for specifying shaft and

L=

SN EMES
[pk. EHRTFHA

)

ODA

Tl

MR F HARN T4 B THERAF T A # A9 ERFN PR AIRC

housing fits related to particular operating conditions. =
Shaft #
: "33“ ?SEI”;:QS e Cylindrical Roller Bearings
or all nominal dlamelers
EROUR (X F AT A Boeralivg N REERT NS
Loads fa Shaft Conditions - ﬁ;ﬂ Loads fi Shaft Shaft
Lower Upper Tolerance E{TERE Lower Upper Diamsler Tolerance
Load Limit | Load Limit| Symbel Load Limil | Load Limit| gy Symbol
TR | tm | WARES tm | TR mm MABHS
INNER RING STATIONARY gL
Inner ring o be
easlly displaced on Wheals 0 c All 6 All
0 cm g6 shafl Non-rolaling shafis 9
PSR E SRSk 218 i
SBE i, RN
Inner ring does not
need lo be easlly Tenslon pullays 0 C All h6 Al
0 c hé displaced WS
HEARES BB 240 =31
INNER RING ROTATING, OR INDETERMINATE HEIREHE B A el AME over#Bit incl E.
Eleclrical apparalus, 100 140 k6 @
Machine lools, Pumps,
140 320 mé6
0 0.07C 50 Lol logos Venlilators landustrial trucks 0 0.08C
) J RAW BE. WK R 320 500 n6
BERR. IdRE 500 - p6
Electrical molors, 100 140 mé
Turbines, Pumps,
Normal loads Combustion engines, 0.08C 0.18C 140 320 nG
0.07C 0.15C kb Gear transmissions elc. N :
—MHT Bil B X 320 500 p6
AR, RS 500 " 6
100 140 ng @
Heavy loads Rail vehicles, 140 320 p6 @
0.15C C m6 Shock loads Traction molors AR -
0 c J6@® R, hEng SEER | FoIOE 320 500 6 m
500 - 7@
THRUST LOADS i
Al Nol recommended, consult
;‘;; :j?“ loads engineering depl.
i Ll FRIY, ASH
™M Use |6 accurate applications. "6 ETERRNES

m Bearings with greater than nominal clearance must use.

m Use k5 for accurate applications.

0 Use m5 for accurate applications.

™ C=Dynamic Load Raling.

n HRAZXEHMNRER-ERAR
o kS BFEMRNSEAR

W m5 BTERRNSS

o C=HRNAF
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Fits

Shaft and Housing Fits

Radial Ball and Cylindrical Roller Bearings
These charts are guidelines for specifying shaft
and housing fits related to particular operating conditions.

=)
WA RNES
ELOBK. EARTHR

(R

FODA

-2

leRF) MR R LIRS TAEFEN TR ENES.

Housing %h#&
i (o] R
Operaling Conditions Hosing Teletanes i
iE Symbal Displaceable Axially
EfTRF
IRNEFHS SN 6 B B
OUTER RING ROTATING $hRE4%
Crane support wheals,
Heavy loads with thin-wall housing Wheel hubs (roller bearings), o :
[o]
EAFANREY BEXML. EH (AT e
Wheel hubs(ball bearings),
N ltoh load
—71;“2: ; :f"y 0acs Chank bearings NG No
nH A (R, SR %
Canvayor rollers,Rope sheaves,
M6 No
e, e, KRR x|
INDETERMINATE LOAD DIRECTION JMEIFAEHBVAM
Heavy shock loads Elaclric traclion molors M7 No
T A i 57 b ]
Normal to heavy loads axial Eleclric molors, Pumps, Crankshaft i
displacement of ouler ring nol required K6 19, nonnagy
—RAHHERN. MEERBAMDS | Gl K. SAEERE —aTR
‘Bolow this
tina. houning  Light to normal loads axial Eleclric motors, Pumps, Crankshaft
can ellher bo 3 Yes, normal]y
c06placd.of displacement of ouler ring desired. J6 BRE
oplit; above RBRFH—MAE. SEMBELS Bl ®. @FAEHRK
this fne, o spil
housing Is no!
rocommendsd OUTER RING STATIONARY  Shill g1
" BT
ARFTUR— Er?l?)gz':r?gds' {smiaary compiele Heavy rail vehicles 9 Yes, normally
wh ST hEmE. BHEM umE
HULEFRR . o o
oy " One-plece housing General applications, Heavy rail vehicles - Easily
Allloads | —thiahk WRHRER. —AHR B#H
BEMRT | Radially split housing Transmission drives - Easlly
BEIAKINA BH
Heat supplled through shaft 7 Easlly
PUBVE LT =2}

Where wider lolerances are permissible, P7, N7, M7, K7, J7 and H7 values may be used In place of P§,

M6, N6, K6, J6 and H6 values respectively,

YAFRANAER, 97/ P7, N7, M7, K7, J7, H7 £144{& P6, M6, N6, K6, J6, HE,

www.fodabearing.om



Fits

Shaft and Housing Fits
Radial Spherical Roller Bearings

These charts are guidelines for specifying shaft and
housing fits related to particular operating conditions.

e
AN EMRE
BLRF R

)

ODA

Tl

MR HER R TR 4 TR FA SN RNES.

Shaft %
Tol
Conditions Examples Shaft Diameler g;:]a;;e Remarks
EiT5RH A mm 3
FAF IR AEHE i
BEARINGS WITH STRAIGHT BORE B /7L
The Inner ring to be Two - bearing shaft mechanism -
easlly displaced on R £
the shaft Wheel on non - rolating shaft .
7 g
Stalionary Inner REBEMLERUIE | 2o biger
fing load All dlamelers
g
L FAMER
WL s @ p s | The inner ring no Tenslon pulleys and rope
lo be easlly displaced
on the shaft W L
IR A Lors | TR AR
. In very accurale applications
Light and variable loads | Electrical apparalus, over incl.
. k5 and m5 are used instead of
P <0.07C Machine 1ools, Pumps, Fiibus E k6 T —
L EoE DRI T Venlilalors, Industrial trucks 18 100 mé e 5;5 .
P<007C . . R, ’ 100 200 g S
HE. YUK, R RSE. TEFF SRIFRRIEKE. m6
Rolating Inner : .
lications in general, Electrical
ring load or Normal and heavy loads Aphilce . 9 18 65 m5
N molors, Turbines, Pumps,
indelerminate | P> 0.07C . 65 100 m6
Combustion engines, Gear
load direction | P € 0.25C . 100 140 né
" transmission, Wood - working 280
BAMANR | WARERERY | 140 8 pe
HR MM | P>0.07C 2 ‘ 280 500 ,s
;EﬁE;EJnﬁ P < 0.25C ST MG el W 500 and up 7
' PR, GRS, RTINS
Very heavy loads and| Joumal boxes for locomolives and m6
shock loads other heavy rail vehicles, traction n6 Bearings with greater
P>0.25C motors p6 clearance than nommal
HEIE R A | KEARHERBATREERNHHR ] AFERLR
P>0.25C . &35 7
BEARINGS WITH TAPERED BORE ANDADAPTER SLEEVE #FiEFL & % BIEAK
See tables for Reduction
All loads Applications in general All diameters of RIC on page 10.
RN il R FRANEE R 5 W EHERABER

BRI

www.fodabearing.om



Fits

Shaft and Housing Fits
Radial Spherical Roller Bearings

These charts are guidelines for specifylng shaft and

housing fits related to particular operating conditions.

[Ty
BRINERERS
DR

)

ODA

Tl

I 3RF) W AT ERL T BT AR R 0 S R M R S E.

Housing 9h5E
: _— Tolerance bol
Conditions #& ¢ Examples i& 735 ﬁ&ﬁsé_m Remarks #3E
Variable load direction ;\er;abnr?::]ng RRSRRIIIER -
bl RO H A
Heavy loads on bearingsinthin | Supporting wheels in cranes,
i walled housings Wheal hubs, Crank bearings P7
Oneplece | ROPINIOUEN | mmamaE REALMRED. WHEHK
n=p ring load . " : The outer ring Is not
bearing NeSt SN S Normal and heavy loads Wheel hubs, Crank bearings v displaceable axially
ho::lng 3 A0 e T 0. hFEFR SMEASNE F 618
mshR X Conveyor rollers, Rope sheaves,
Light and variable loads "
BRERTERE Tension pulleys
e, e, WA M7
Heavy shock loads Electrical traction molors
- ' WAERE R LR
ncaerminae | Heoryendroma osds, | eecical moor, Pumps, e ol rgis s
load direction ring not required Crankshaft main bearings K7 not displaceable axially
RN fAE. &l SETBEAMES | B30, F dwEeF SME {2 $ihid ry B 7R 3
3515 Normal and light loads, axial .
displacement of the outer ring | Eleclrical molors, Pumps,
desirable Crankshaft main bearings The ouler ring is as a rule
5 a 0] %
%‘ﬁ‘ RRAM. REBEER Bl R, dEfERER a7 displaceable axlally
SNt B R TR
s Shock loads, temporarlly Joumal boxes for rail vehicles
plit or one complete unloading B
plece bearing NG, WHREIN KERBTM
housing All loads Bearing applications in general,
SR —i& : Joumal boxes for ral vehicles H7
e fakibal WA, XKERREM
Slationary outnar
e et Normal and light loads, loads
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Bearing Mounting

Mounting Procedures

Depending on the size of the bearing and the application,
there are different methods for mounting roller bearings.
In all methods, however, certain basic rules must be
followed.

Cleanliness

Choose a clean environment. Work in an atmosphere free
from dust or moisture. If this is not obtainable, and
sometimes in the field it isn't, the i nstaller should make
every effort to insure cleanliness by use of protective
screens, clean cloths, etc.

Plan The Work

Know in advance what you are going to do and have all
the necessary tools at hand. This reduces the amount of
lime for the job and lessens the chance for dirt to get into
the bearing.

Inspection and Preparation

All component parts of the machine should be on hand
and thoroughly cleaned before proceeding. Housings
should be cleaned, including blowing out the oil holes. DO
not use air hose on bearings. If blind holes are used,
insert magnetic rod to remove metal chips that might have
been lodged there during fabrication.

Shaft shoulders and spacer rings contacling the bearing
should be square with the shaft axis. The shaft fillet must
be small enough to clear the radius of the bearing.

On original installations, all component parts should be
checked against the detall specification prints for
dimensional accuracy. Shaft and housing should be
carefully checked for size and roundness.

Shaft and Housing Finish

Shaft surfaces on which the bearing will be mounted must
be clean and free from nicks and burrs. For an application
with stationary housing and rotating shatft, it is suggested
the bearing seat on the shaft be ground to R=1.6um
maximum. If it is impractical to use a ground finish, a
machined finish of R==3.2um s acceptable in many cases,
but the amount of interference fit should be slightly
increased. Consult our engineering department for
recommendations.

For a stationary outer ring which is required to float (i.e.,
slide axially in the housing), a housing finish of R==1.6um
maximum is suggested. Where the outer ring is not required
to float, a surface finish of R.=3.2 ummaximum is generally
satisfactory.

Don't remove the bearing from its wrapping until
actually ready to mount it.

- N/

R
REFEMRR SR, TRATAORES %, R,
BB E LR,

NPT

EF—NHENRE, ERARLTKSHHETE, BF
REAE|ZER, REARNMRBREHERR RN
ERRRAEE.

TAEi%
RAEERMHAFEEFMRBOSBIR, XTUHE
T{eadial, B HhRSR LREMPIE.

REMAS

HEEFIERENIEDM, HERRAHRMLI %, S
ILEH LTS, WILKRT %, FAERSSRERHFRK
R, MERETL. ERMREE PR E SRR AR
5. SHRERMNEBIHAEYSMEEL. M58/
RS0 I 6 A NE) A S R FL I £ Y R AR B AR
FERANRIEN , ERREAA A TR EHTIRE.
xRS LA R B B AT RIS .

MNP RFLAREARREE
REWRAMRAMBDAT S EEFARNBEMERN, HTFES
FE BTSN AR T, b REHR A9 SME f91E
& BEELUR R A Ro=1.6um, INEZBHIMT, EFSHHR
T. TREEREFEAAER A R=3.2um B RREH
REETIEIN. TTEEASBARBDIEWIEFE.,

ST FERFHIMH NG (MEINTAAHEFR) . B
SMRFLIBRE BB A h Ro=1.6 um MRIMEFERFH . &
HARHE Lk Ro=3.2um—RE S AFHRT .

AR SV TIEUFFRREMAR . 478
ENRNERHFE.

www.fodabearing.om



Bearing Mounting

Roughness and Tolerance of Shaft and Housing
Roughness and tolerance of shaft and housing, that bearing
is fitted to, will directly affect performance of bearing, e.g.
wear-proof, anti-corrosion property and fit kind. Therefore
proper roughness and tolerance of shaft and housing are
essential for a steady fit kind and high connection strength
of an interference fit.

Roughness and tolerance of shaft and housing are specified
in table 1, table 2 and figure 1.
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figure 1 M1
Table 1 Roughness of Shaft and Housing 3% 1 fic-& 3R Y4B HERE
Nominal Bore ar O.D.
Pracislon Grade Tolerancw Grade R AHRARIINE (mm)
Filting Surface of Bearing of Fitting Surface
AR SRS AT 0 > 80-500
FAREES Ra(um) (GB81031-95)
4 B AL $ 8 Ra(um)ix GB1031-95
PO IT6 1 1.60
Shaft P6 IT6 0.63 1
% 3B P5 0.40 0.63
P4 0.25 0.40
PO 7 1.60 250
Housing P6 IT6 1 1.60
KT 05 = 1
pd 040 0.63
PO 2 2.50
Face of Shoulder P6 7 ”
A0SR
FLIAsEm P5 1 1.60
P4 0.80 1.25

F RRRERBEDEHELRN, SITKWAEMKER FEXAF2.54m

Shaft Ra < 2.5 um when the shaft is fitted on a sleave

www.fodabearing.om



)

FODA
Nt/
Table 2 Tolerance of Shaft and Housing 3k 2 BifnsME LGOI N =
Cylindricity Runout of Shoulder
[REERL SHE B v
Basic Dimension
Shafl Housing Shaft Housing
AR BOW E W oM IR P
(mm)
Precision Grade of Bearing
LN A
PO l P6 I P6 | P4 I PO | P6 I P5 | P4 | PO LPS | PB ‘ P4 PO | P6 | PS5 I P4
Oval Incl. Tolerance (ym)
i k) 2 % i um
6 25 1.5 1 0.6 4 25 1.8 1 5 3 2 12 8 5 3 2
6 10 25 1.5 1 0.6 4 25 1.5 1 6 4 25 15 10 6 4 25
10 18 3 2 1.2 0.8 5 3 2 1.2 8 5 3 2 12 8 5 3
18 30 4 25 1.5 1 6 4 2.8 1.6 10 6 4 25 16 10 6 4
30 50 4 25 1.5 1 T 4 25 1.5 12 8 5 3 20 12 8 5
50 80 & 3 2 1.2 8 5 3 2 15 10 6 4 25 15 10 6
80 120 6 4 25 15 10 6 4 25 15 10 6 4 25 15 10 6
120 180 8 5 35 2 12 8 5 3.5 20 12 8 5 30 20 12 8
180 250 10 7 4.5 3 14 10 7 4.5 20 12 8 5 30 20 12 8
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Bearing Mounting
Mounting Straight Bore Bearings

Heat Expansion Method

Most applications require a tight interference fit on the shaft.
Mounting is simplified by heating the bearing to expand it
sufficiently to slide easily onto the shaft. Two methods of
heating are in common use:

1. Tank of heated oil.

2. Induclion heating.

The first is accomplished by heating the bearing in a tank
of il having a high flash point. The oil temperature should
not be allowed to exceed 121°C. A temperature of 93°C is
sufficient for most applications. The bearing should be
heated at this temperature, generally for 20 or 30 minutes,
until it is expanded sufficiently to slide onto the shaft very
easily.

The induction heating method is particularly suited for
mounting small bearings in production line assembly.
Induction heating is rapid and care must be taken to prevent
bearing temperature from exceeding 93°C. Trial runs with
the unit and bearing are usually necessary to obtain proper
timing. Thermal crayons which melt at predetermined
temperatures can be used to check the bearing
temperature.

While the bearing is still hot, it should be positioned squarely
against the shoulder. Lockwashers and locknuts, or
clamping plates, are then installed to hold the bearing
against the shoulder of the shaft. As the bearing cools, the
locknut or clamping plate should be tightened.

in cases of ouier ring rotation, where the outer ring is a
tight fit in the housing, the housing member can be
expanded by heating.

The oil bath is shown in Figure 2. The bearing should not
be in direct contact with the heat source. The usual
amrangement is to have a screen 5cm off the bottom of the
tank. Small support blocks separate the bearing from the
screen. It is important to keep the bearing away from any
localized high-heat source that may raise its temperature
excessively, resulling in race hardness reduction.

Flame type burners are commonly used. An automatic
device for temperature control is desirable. If safety
regulations prevent the use of an open heated oil bath, a
mixture of 15% soluble-oil in water may be used. This
mixture may be heated to maximum of 93°C, wilhout being
flammable. The bath should be checked from time to time
to insure its proper combination as the water evaporates.
The bath leaves a thin film of oil on the bearing sufficient
for temporary rust prevention, but normal lubrication should
be applied to the bearing as soon as possible after
installation. Be sure all of the soluble-oil in water solution
has been drained away from the bearing.
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Bearing Mounting
Mounting Straight Bore Bearings

Arbor Press Method

The alternate method of mounting, generally used only on
smaller sizes, is to press the bearing onto the shaft or into
the housing . This can be done by using an arbor press
and a mounting tube as shown in Figure 3. The tube can
be of soft steel with inside diameter slightly larger than the
shaft. The O. D. of the tube should not exceed the
maximum shoulder height given in the tables of dimensions.
The tube should be faced square at both ends, thoroughly
clean inside and out, and long enough to clear the end of
the shaft after the bearing is mounted.

If the outer ring is being pressed into the housing, the O.D.
of the mounting tube should be slightly smaller than the
housing bore, and the 1.D. should not be less than the
recommended housing shoulder diameter in the tables of
dimensions.

Coat the shaft with a light machine oil to reduce the force
needed for a press fit. Carefully place the bearing on the
shaft making sure it is square with the shaft axis. Apply
steady pressure from the arbor ram to drive the bearing
firmly against the shoulder.

Never attempt a press fit on a shaft by applying pressure
to the outer ring, or a press fit in a housing be applying
pressure to the inner ring.
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Figure 3: Arbor Press Method
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Bearing Mounting Rk

Shaft Mounting Tapered Bore
Spherical Roller Bearings

Although the fit of a tapered bore spherical roller bearing
can be determined by measuring the distance the bearing
is forced onto the tapered seat, it is more practical to
measure the reduclion of radial intemnal clearance caused
by the expansion of the inner ring. This procedure requires
determining the initial RIC before mounting, and checking
the RIC during mounting until the proper reduclion of RIC
has been accomplished.

To determine initial RIC, the following procedure should
be observed. A feller gauge with the thinnest blade of 0.
04mm is used. Place the bearing in an upright position
with the inner and outer ring faces parallel. Place the
thumbs on inner ring bore and osillate inner ring two or
three times. Pressing down firmly. This “seats” the inner
ring and rolling elements. Position the individual roller
assemblies so that a roller is at the top of the inner ring-on
both sides of the bearing. Press the top two rollers inward
to assure proper contact with the inner ring raceways. With
the rollers in correct position, insert a thin blade of the feeler
gage between the rollers. Move it carefully along the top
roller, between the roller and the outer ring raceway.
Repeat this procedure, using thicker feeler gauge blades.
Until one is found that will not go through. The blade
thickness that preceded the "no-go" blade is a measure of
radial internal clearance (RIC) before installation.

Determine the target value of the reduction of RIC following
the procedure outlined in the example following. Start the
mounting procedure by lubricaling the tapered shaft with a
light coat of machine oil. Slide the bearing onto the shaft
as far as it will go. As the locknut is tightened, the
interference fit builds up resulting in expansion of the inner
ring.

Periodically measure the RIC to keep track of the reduction
in RIC. Continue the procedure until the proper amount of
reduction is obtained-do not exceed recommended amount
of reduclion. As a final check, make sure that the remaining
RIC equals or exceeds the minimum mounted clearance
shown in the table below.

During mounting, the RIC should be checked at the
unloaded roller. If this happens to be at the bottom, make
sure that the roller is raised to seat firmly at the inboard
position of the inner race.

When the recommended amount of reduction of RIC has
been accomplished, the bearing is properly fitted. Complete
the procedure by peening the lockwasher tang into the
locknut slot, or securing the lockplate.
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Bearing Mounting

Shaft Mounting Tapered Bore

Spherical Roller Bearings

The following chart indicates the recommended
reduction of RIC to be used in mounting tapered
bore spherical roller bearings on shafts or adapter

sleeves.

RE

HEFLR R TR EAREK

TRABILFCET R LB e E
R R R,

)

ODA

Tl

Recommended Reduction of RIC  ###443 (o] 5k /ME

Minimum RIC after mounling Bearings with

Bearing Bore Recommended =
SWRKE Reduction of RIC Initial Clearances
d ?&??&*JEI’EIXEFPK’J“@ E’Eﬂﬁﬁﬁﬂﬁmﬁlﬁﬁﬁﬁﬁd\@@ﬁﬁﬁ
over Inch. min. max. Normal (standard) c3 c4
it z b I "X —# (¥8)
mm um pm pm pm am
30 40 20 26 156 25 41
40 50 26 30 20 30 51
50 65 30 36 26 36 64
65 80 38 51 25 43 76
80 100 46 64 36 51 76
100 120 51 71 51 64 102
120 140 64 89 56 76 114
140 160 76 102 56 76 127
160 180 76 114 61 a9 152
180 200 89 127 71 102 165
200 226 102 140 76 114 176
225 260 114 162 89 114 203
260 280 114 165 102 140 229
280 315 127 178 102 152 254
315 356 140 190 114 165 279
355 400 152 203 127 191 330
400 450 165 216 152 229 356
450 500 178 229 165 267 406
500 560 203 264 178 292 445
560 630 229 279 203 318 508
630 710 254 305 203 368 546
710 800 279 356 229 394 610
800 900 305 381 264 457 686
900 1000 356 432 279 495 762
1000 1120 406 483 279 S46 813
1120 1250 432 508 330 610 914
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Bearing Mounting

Shaft Mounting Tapered Bore
Spherical Roller Bearings

Example: Bearing 22328 K/C3(140mm bore with a C3
clearance pattern) is being mounted on a tapered shaft.

a. By measuring with feeler gauge, initial RIC is
established to be 0.178mm..

b.  Reference to chart above indicates proper fit is
obtained when RIC is reduced by 0.064mm to
0.089mm, or approximately 0.076mm.

Initial clearance 0.178mm
Reduction of RIC - 0.076mm
0.102mm

c.  Locknut is tightened until RIC reaches 0.102mm.
Final check against minimum RIC after mounting
shows this value to be safe.

Note: Tapered bore bearings must have the proper amount of radial inlemal
clearance before Installation to provide for the required reduction of RIC
during mounting and to compensale for any further intemal reduction frem
abnormal temperature conditions. For special applications, send complele
operating data lo our engineering department for recommendalions on
radial intemal clearance.

Lubrication

In order to help maintain a rolling bearing's anti-friction
characteristics, lubrication is needed to minimize rolling
resistance and sliding friction. Modem lubricants do this very
effeclively, although in many applications the means by which
they accomplish this are extremely complex and not
completely understood.

Bearings Grease

In order to increase working life of bearing and to enable
equipment to run in high efficiency without any additional
cosl, a series of bearing greases suitable for various working
conditions have been specially developed by Bearing
application engineers

For detail information and expertise, please contact with our
sales engineers.
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k31
a. AERNEIEHBEEMEMA 0.178mm,
b. M_EzR#EH L2k T 0.064 ~ 0.089mm 5
#40.076mm, REKBEEMES.

R 0.178mm
REFRASE  -0.076mm
0.102mm
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Lubrication

Lubrication Selection

The wide range of bearing types and operating conditions
precludes any simple, all inclusive statement or guideline
allowing the selection of the proper lubricant. At the design
level, the first consideration is whether oil or grease is the
best for the particular operation. The advantages of oil and
grease are outlined in Table 1. Where heat must be carried
away for the bearing, oil must be used, and itis nearly always
preferred for very high speed applications.

Table 1
Advantages of Oil and Grease

Qil Grease

Carrles heat away from the| Simplifies seal design and acls

beearings as a sealant

Carrles away moisture and| Permits prelubrication of sealed

particular matter or shielded bearings

Generally requires less frequent
Easlly controlled lubrication e e

lubrication

Oil Lubrication

Olls used for bearing lubrication should be high quality, non-
oxidizing mineral olls. Selection of the proper type of oils
depends on bearing speed, load, operaling temperature, and
method of lubrication.

Oil may be introduced to the bearing housing in many ways.
The most common systems are:

(1) Oil Bath Generally, the oil level should be no higher
than the center point of the lowest rolling element. If speed
Is high, lower oil levels should be used to reduce chuming.
12) Circulating System A typical circulating oil system
consists of an oll reservoir, pump, piping, and filter. A cooler
may be required.

(3) OIll-Mist Lubrication Oil-mist lubrication systems are
used in high speed, continuous operation applications. This
system permits close control of the amount of lubricant
reaching the bearings. Control of this type of lubrication
system is accomplished by monitoring the operating
temperatures of the bearings being lubricated.

Grease Lubrication

Lubricating grease is a solid to semi-fluid product of the
dispersion of a thickening agent in a liquid lubricant; other
ingredients imparting special properties may be included. At
this time there is no known universal anti-friction bearing
grease. Each individual grease has certain limiting properties
and characteristics. The successful use of lubricating grease
in roller bearings depends on the physical and chemical
properties of the lubricant as they pertain to the bearing, its
application, installation and general environmental factors.
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Lubrication

Low Temperatures

Starting torque in a grease lubricated ball bearing at low
temperatures can be critical. Some greases may function
adequately as long as the bearing is operating, but resistance
to initial movement is such that the starting torque is
excessive. In certain smaller machines, starting is an
impossibility when very cold. Under such operating
circumstances the greases containing low temperature
characteristic oils are generally required.

High Temperatures

The high temperature limit for modem grease is generally a
function of the thermal and oxidation stability of the fluid and
the effectiveness of the oxidation inhibitors.

A rule of thumb, developed from years of testing grease
lubricated bearings, indicates that grease life is halved for
every 25°F (14°C) increase in temperature.

In non-relubricatable applications highly refined mineral olls
or chemically stable synthetic fluids are required as the oil
component of greases for operation at temperatures above
2500 F (121°C).

Wet Conditions

Water and moisture can be particularly conducive to bearing
failure. Lubricating greases may provide a measure of
protection from this contamination. Certain greases, the
calcium, lithium and non-soap type, for example, are highly
water resistant.

Grease Lubrication for Bearing/Housing

Assemblies

The grease must be carefully selected with regard to its
consistency at operating temperature. It should not exhibit
thickening, separation of oil, acid formation or hardening to
any marked degree. It should be smooth, non-fibrous, and
entirely free from chemically active ingredients. Its melting
point should be considerably higher than the operating
temperature.

Frictional torque is influenced by the quantity and the quality
of lubricant present. Excessive quantities of grease cause
chuming. This results in excessive temperatures, separation
of the grease components, and break down in lubrication
values. On normal speed applications the housings should
be kept approximately 1/3 to 1/2 full. Re-lubricate at regular
intervals to prevent damage to the bearing.
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Limiting Speeds

Radial Ball and Roller Bearings

There is no precise method for determining the maximum
speed at which a ball or roller bearing may operate.
Bearing characteristics and features of surrounding parts,
shafts, housings and other components, as well as basic
service conditions, are all variables which are dependent
upon each other for continued satisfactory high-speed
performance.

The safe operating speed of a bearing is often limited by
the temperature within the bearing, which in turn, is
dependent upon the temperature surrounding the
application, accuracy of bearings, shafts, housings,
auxiliary parts, etc. and the type and amount of lubricant.
Radial bearings with proper internal refinements will
operate at high speeds for long periods if properly installed
and lubricated. Tolerance grade, cage design, and
lubricant are bearing characteristics which affect speed
limitations.

Bearings with normal tolerances are generally satisfactory
for normal speeds with grease or oil lubrication.

Ball bearings with P5 tolerances or better and ring piloted
composition cages lubricated with an efficient, non-
churning, cooling oil mist systems have exceptional high-
speed ability.

In the case of duplex mountings, as frequently used in
high-speed machine tool spindles, bearing preload and
contact angle affect the permissible speeds.

Tr-a Limiting Speeds of various bearings listed in the
calelog are defined as grease or oil bath lubrication were
used respectively, besides on following conditions:

» PO tolerance class

« Pure radial load for radial or radial-thrust bearings

- The load P €0.1C (C is the basic dynamic load rating)
+ Rigid shaft and housing

« Normal lubrication and cooling

« Normal clearance at running time

* Rotating inner ring

For conditions other than above, please consult
Technology Section
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