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Equivalent bearing {oad

dynamic static

P = XF[ + YF. Po = &6 F,-i-O.S F.
When Pp«<F, use Po=F, S

Bawic load_ntingl

Limiting speeda

Boundary . r Mesa .Designations Catcuintion factors
dimensione dynamic  static Lutrication 3 g dynamic
4 ; ok 3 grease nif. - FafF: 2% FatFr &
d o B S8 50 Fo/Co @ X Y X Y
mm N[t N=0.225Ibf) rirain Kg — —
17 26 5 1 320 a15 . 2400G. 30006 00082, st 0025 Q22 A 056 2 |
35 a8 4 850 2800 : 18000 24000 0032 AN - 004 024 L] 056 18
3 ¢ 4850 2 800 000 24000 0,039 50¢3 007 0% | 056 18
4Q 12 T 350 4 500 17000 20000 0,085 s203 018 o031 -3 0 056 14
47 14 10400 §550 16000 15000 9,12 5303 025: - 037 1.0 056 1.2
62 17 . 17600 11800 12000 15000 0,27 6403 2.5 044 1 0 a5 1 -
2 32 7 2040- " 1400, . 18000 24000 Q018 &1804
42 B 5.400 30 WO 22000 Q0% 16004
£2 12 77X 4 500 IT00 20000 0,068 6004
47 14 3800 6 200 wWee 18000 0.1 6204
52. 15 12 200 7 800 13000 16000 0,14 8304
72 15 %3 600 16 £00 10000 1300 940 6404
» 33 7 2230 1700 17000 2000 0,022 81805
47- 8 5830 4000 ° 14000 17000 0.060 18005
47 12 BB%0 5600 15000 1800C 0,080 0irs
g2 3% 10800 6950 12000 15000 O0.%3 N8 -
62 17 17300 11 500 11000 #4000 023 6305
6 21 2750 18600 9 00G 11006 0,53 8405
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. g g Squfvalam bearing load
s {oa | ; 3 ynamic - sletic
/4/1'0 i CQ-"M gcvu Lo 6 > P=XE;+ YFy Po=0,5F, +0,28 F,

When Pg<F; use Pg=F,
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i Boundery Baslc load Limiting speada  Mans Dotlgl‘l!!hf. Catculation tactors
e
b | CPRREa T
e Codre- ' g >B
,:%f,?!" el g e Co o XY X ¥
N {1 N=0,225Ibf} rtmin kg - -
3800 2120 19000 28000 0,031 T200 1,14 1 0O 035 0,67

5 400 3 050 17000 24000 (045 T201 8

. 6200 3650 16000 22000 0048  7202B
9000 5300 14000 19000 0090 73028

- 7650 4850 14000 18000 0070 72038
11400 7100 12000 17000 012 73038

10200 8400 11000 36000 0,11 7204 B
13 400 8 150 10 000 15 900 0.15 7304 B
11400 78650 9 500 14000 0,14 7205 B
19000 12200 8500 12000 024 7305 B -,)
15600 11000 8500 -12000 &2t 7208 B V%
24000 18600 7500 10000 0,38 7306 B
10000 0,30 '
9500 048 - “790Ff
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500 rpm for i 2 —F ‘\"“}.'.‘"} \\
3000 houry, LID e )
. - 4, ——
W O - -4, —
1 POW , E‘r- ¢
# Qutside radial  Thrust Fac. lord Part pumbezs
Bore dimmeter -+ Width ib b tor center .
d ' ; daN daN ° K at Cone Cup
0.3750inch1.2595  0.3940 435 301 }.44 -0.1%  A2037 A2i26
" 9.525me 31,991 18,008 182 i34 ~30 o ;
10.4724  1,9595 0.3940 435 301 .44 -0.12  A2047 A2126
312,000 31,9917 30,008 192 J3% - ~34° -
0.4992 1.3775 04330 500 387 -, 1.29 —0.10  "Ad040 A4138
12,680 34988 . 10,998 222 172 —25
0.53000 £ 3775 0.4330 500 387 120 —0.40 _ A4050 A%138
12,700 34,988 10,998 . 922 S172 - '
0.5000  LAK0 0.5313 7613 358 2,12 -0.20 00050 00150
12,206 48,100 13,49% 338 159 ~5.1"
18.5906 13775 (14330 500 387 1.20 —0.10  A4059 A4138
, %g@ 14,988 10,998 222 C 172 =25
- 06250 1.3775 1:4330 525 314 1.83 ~0.18  L21548 - L2153
15,875 ¢ 34,988 10,998 256 140 ~3.3 .
.625G" 1.59745 0.4730 L3%a ABN ) 2% 1 2 #nra e



Example 3.2 (11.3)

The figure is a schematic drawing of a countershaft that supports two V-belt pulleys. The
countershaft runs at shaft speed of 1100 rpm and the bearings are to have a life of 12
khrs, R= 99 % reliability using an application factor of unity. The belt tension on the loose
side of pulley A is 15 % of the tension on the tight side. An analysis of this problem gave
shaft forces at B and D of Fg = -253jJ-253kN and F, = -320kN, with the belt pulls
assumed to be parallel.

y Based on bending
fiiaa P,=0.15P, deflection, a shatft
- 300 y o1 diameter of 35 mm

Ty / 4s has been selected

& ‘\\400 \ at both bearing

‘L% P, P 7\/ points O and E.

! /.- ~ Select a suitable

e 150_ ball bearing to be

used at both

=N __300dia. bearings are to be
. of the same size.

270 N 6



Use torque balance of the shaft to determine
the value of P, and P, and reaction force on
bearings

ZMOX :O’
0.85x sz—‘;’oz 220x%

P=310.59 N

. Reaction force on Pulley C -D
Reaction force on Pulley A -B y

R, =0.15P + P =1.15P F,, =270+50=320 N
R, =1.15x P =1.15%x310.59 = 357.18 N E_—_320K N

F, =c0S45x357.18=-252.56 N

z

Fy =sin45x357.18 =—252.56 N
F,=-253]—253k N



In X-y plane

ZMOZ :O’

253x300 = Ry, x850
R., =89.30 N

Z IEy =0;
Ro,=253—-Rg,
Ro,=253-89.30=163.70 N

Ry, =89.30 N
Ro, =163.70 N

23.03.2022 g



y Z M =0 : In x-z plane

R 2 F=0; > M, =0;
0 253N 253% 300+ 320x 700 = R_, x 850
R., = 352.82 N

320N

>.F,=0;
R,, + R, = 253+320
R, =573.0—-352.82 =220.18 N

R., =352.82 N
R, =220.18 N

23.03.2022 9



Re, =89.30 N R, =\/(R0y)2+(Roz)2

y R,, =163.70 N - .
- R —352.82 N R, =+/(163.70)? + (220.18)
0z Ro, =220.18 N R, =274.36 N
0/ 253N
; 320N Re =/(Re))? +(Rg,)?
R.,  R.=4/(89.30)% +(352.82)°
R: =363.94 N
T X
Re,
The shaft forces at B and D are given to be:
F,=—253] —253k N
F =—320k N Since there is no axial load but only radial load
af =1.0 F=V-F where V=10 and Alsoaf =1.0
n=1100 rpm F, =R, =274.36 N

L,,=12 khrs (required)

o F..=Re =363.94 N
= 0



For ball bearings

1.17
1.17 1 L
R =exp| | —— m(Rj:+[6&1 )
6.84x L, 84x Ly
L 12000
L, = : 1 1
1 \ir7 1 Vi
6.84x(|nj 6.84x(|nj a
R 0.99 C
L,, =89467 hrs required Les, = =
E eqv

1

I—hrs X nrpm a
Creq = X |:eqv
£ 16667

_ (89467x1100

redo

16667

c - (89467 x1100
e 16667

1
j?’ «274.36 = 4959 N

1
j?’ «363.94 = 6579 N




Equivalent bearing ioad

dynamic static
. P= XF[ + YF. p{} =08 !':11‘0.5 F.

Boundary Basicload ratings  Limiting speeds  Mpsa .Deslgnations Catcuinlian factors
dimensions dynamic  stati¢ Lubrication : : dynamic

Y : o - grease oil. - FafF: 2% FatFi>e
d b B -C - GCp FofCa @ X Y X Y
mm N[t N~=0.225Ibf) ririn Kg - —_
17 26 1 1 320 a15 . 2400G. 3000 00082, st 0025 022 1 0 056 2

35 a8 4 850 280G : 18000 24000 0,032 HANS - 004 024 T & - .05 18

3 16 4850 2 800 w000 24000 0,039 5603 067 4937 L 056 16

4 12 T3I™ 4 500 17000 20000 0,085 201 018 031 -3 0 05 14

47 14 10400 §550 16000 15000 912 5303 035 - D37 10 0568 1.2

62 17 17600 11800 12000 15000 0,27 6403 25 0,44 i 0 a8 1 -
2 32 7 2040- - 1400, . 19000 24000 Q.018 &ld04

42 B 5400 - 3400 Wwoog 22600 0050 16004

£2 12 7ER 4 500 000 20000 0,068 6004

47 314 800 6 200 we 18000 019 G204

52. 15 12 200 7 800 13000 16060 0,14 8304

72 18 23660 16 800 10000 1300 940 6404
- T ¥ S 4 2230 170 7000 20000 0,022 81805

47-- 8 3830 4000 14000 17000 0,060 18005

47 12 B5%0 5800 150600 18000 0,080 £0irs

g2 3% 10800 6950 12000 15000 0,33 s -

62 17 17300 11 500 11000 #4000 023 8305

e 21 27500 1§ 600 ¢ 00G 11000 053 405 -
- 2 7 2M 1800 5000 18000 0O026. 81808

55 ‘9. -B6H0 5 85D 12000 15006 0085 . 15006 :

5 13 10220 6800 12000 15000 0,12 Q06 >

62 16 15000 . 7000G° 0000 13000 0.20 s208

7219 2180 1460C 9000 TN 035 8208

Q0 28 33500 24 D00 8500 1000Q 074 8408
25 47 - 7 60 00G 13000. 1500¢ 0,030 180

gz g (9500) ‘10000 13000 0.1

62 i4 oot 85K 18066 13000 016 BT

72 17 ARG  1370¢  S000. frOO0 0238 0 ST

B¢ 21 25600 8000 8500 tDOOD OC48 - €W7

00 25 42500 30 7000 850 085 0457 :
4 .52 7 2450 . 2200 11000 14000 D.034 S1888

-
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Deep Groove (single row) ball bearings
(cheap, most widely used in light applications)

= N

eqv

Choose SKF 6007 (d= 35 mm) 1 [ C ja 16667
hrs: X

C =12200 N

C,=8500N —> L, =(

O

12200 f 16667

=1,332,238 hrs >>> 89467 hrs
274.36 ) 1100

too much life

Choose SKF 61807
C =2360N

= 9643hrs < 89467

not satisfactory

2360 \’ 16667
Co = 2000N = Ly :(274 36) 1100

O



Choose SKF 16007 1 [ C ja 16667
hrs: X
C=9500N

rpm

C,=6950N —> L = 629032 hrs > 89467 hrs

(9500 )’ 16667
0" \274.36) 1100

O
satisfactory

Same bearing (SKFE 16007) for point E provides a life of

= 269492 hrs > 89467 hrs

_( 9500 j?’ 16667
363.94) 1100

hrs
E

satisfactory



If we intend to use angular contact ball bearing (d=35mm) the option with
smallest C value is SKF 7207 B

C =20800N

C, =15000N — L =2985420hrs >>> 89467  too much

) (20800]3 16667
1100 life

hrs — 364

E

If we intend to use straight roller bearings (F,=0)
The option with smallest C value is SKF NU1007

C =19000N

3
C. =11600N - L :(19000j 16667 (00

~ 2275500hrs >>> 89467hrs 10 Muceh
364 0

Thus better to use SKF 16007 single row deep groove ball bearing which
satisfies a life of

269492 hrs for bearing E &

629032 hrs for bearing O (both in excess of 89467 hrs)




Example 3.3 (11.7 Ex for angular contact ball bearing and straight roller bearing

E\sso Eo=-0242F,i —0.242F j +0.940 F ok

i
!
{
i
> large end

An angular-contact ball bearing with shallow angle is to be housed at O to take
both radial and thrust loads.

The bearing at B is to be a straight roller bearing.

a) Determine the required ratings of each bearing based on an L,, life of 36 khrs
at a shaft speed of 900 rpm.

b) Select suitable bearings for both points. If the bearing bores are 90 mm (or 75
mm) at O and 60 mm at B.



1.372kN

L/FDZ = 0.94F kN =5.332kN
C  1.372kN

.
1.4 1.05 L 1

4.0

Eo=-0242F i —0.242F ] +0.940 F ok
Use torque balance of the shaft to

determine force Fp FDX =-0.242 FD =1.372kN
ZMO —0: FDy =1.372kN

4><5—20:0.94FD><3—Z5 Fo, =5.332kN

F, =5.673kN D> F, =0—F,, =1.05+1.372 = 2.422kN

23.03.2022 17



In X-y plane

y | 1.372
D 1.372
2.4220 105 B y
o I
Foy Fg,
Z Mo, =0;

4% 350 +F 5, <1000 + 3—;5 x1.372 =1400x1.372

Y F,=0;

Fo, +4.0+ K, -1.372=0
Fo, =1.372-4.0-F,

Fo, =1.372—-4.0—(-0.534)
Fo, =—2.093kN

Fy, = —0.534 kN

23.03.2022 18



In X-z plane

5.332
)O Al10s B C,L

F, T l 1.372 X
YF,, 1.47

Bz

D> Mg =0;

1.47 550 +F _ x1000 —1400x5.332 = 0
F, =—6.656 kN
> F, =0;

F_ -147+F, +5.332=0
F, =147-F, —5.332
F,, = 2.794kN

23.03.2022 19



Thus axial and radial loads at bearings O and B are:

F,. = Fo =2.422kN

For angular contact ball bearing at

F = \/ FOy2 +F,,* =3.491kN point O with both radial and thrust
(axial) load

Fas - For roller contact bearing at point B with

only radial load and no thrust (axial) load

0
F, =+Fs’+Fs’ =6.677kN

Feqv =V xF,
Coxn / Fo =V x XF +YF,
. . hr rpm
—> a)Creq —?, Creq —( 16667 ] XFqu / . .
equ — Al X T

For commercial gearing
af=1.1-1.3
Thus we use af=1.2



a) For anqular contact ball bearing at O

F, =2.422 kN
- i X =10 from sheet f
F. =3.491kN, —2=0.693ande=1.14 — <€ rom sheet for
r : e Thus F Y =0.0 72Band 738
series
F.=1.0x1.0x3.491+0.0x 2.422
F.=3.491kN o !
. rs rpm
F.,, = af xF,=1.2x3.491=4.1892 kN Creq —( 16667 j X Fegy
1
= (36OOOX 9ooj3 «4.1892 =52.282 kN = 52282 N
16667

For straight roller bearings at B

F,.=0—>F =V xF =1x6.677 kKN =6.677 kN
F =1.2xF =1.2x6.677 kN =8.012 kN

C,o, = (36000 x 900

3
¥ 8.012 = 77.686 kN = 77686 N
16667



: e B

. g g Squfvalam bearing load
s : 3 ynamic - sletic
Aﬂ'a\*l"f CQ-"""[“-‘-J gcvu Lo 65 P'= XFr + YFa Po=0,5F, +0,28 Fy

e ' When Po<F, use Po=F;

dl ;o.
\

A o

Comd

S

Q

o 4§Bdundary Basic load Limiiing speada Mans Dotlﬂn!ﬁ{)f. Calculation tactors

;9 dimeniilons ratinge Lubricailon dynamic

5‘1”1% e dynamic static  gresse oll FafFise FalFe>0
;«% (g .p 8 ¢ Co e X ¥ X
3 ‘&’u&_

S : K 2 &=
,; ‘mm N (1 N=0,225 bt} rimin g

3800 2120 19000 28000 0,031 72008 114 1 0 0,35 0,57
5400 3050 17000 24000 0045 72018

. 6200 3650 16000 22000 0048  7202B
9000 5300 14000 19000 0090 73028

- 7650 4850 14000 18000 0070 72038
11400 7100 12000 17000 012 73038

10200 8400 11000 16000 0,11 7204 B
13 400 8 150 10 000 15 900 0.15 7304 B
11400 78650 9 500 14000 0,14 7205 B
19000 12200 8500 12000 024 7305 B -,)
15600 11000 8500 -12000 &2t 7208 B V%
24000 1B&OU 7500 10000 0,38 7306 B
(20800 ’ 7500 10000 030 (q207B) :
S 500 0,48 - 7307 8B




b) At point O (angular contact ball bearing)

SKF 7218 B with d=90 mm and C=81 500 N (>52 282 N) or
SKF 7215 B with d=75 mm and C=55 000 N (>52 282 N)
will suit the application.

The life of the bearing will then be

81500

a
L | © |, 16667 55000 | 16667
hrs™ -
F.o Mo 4189 | 900
L. =136380hrs >>36000hrs  with SKF 7218 B
Lhrs = 41915hrs >> 36000hrs with SKF 7215 B

At point B, straight roller bearing
SKF NU2212 (or NJ2212) with d=60 mm and C=88 000 N (>77 686 N)

will suit the application. The life of the bearing will be

hrs —

——— | ———— =54544hrs > 36000hrs
8012

10
(88000 j?» 16667
900



Selection of Tapered Roller Bearings

- T s Tapered roller bearings can carry both
o TOHet *radial loads and

*axial (thrust) loads or

*combination of radial & axial loads

In relatively high capacities
compared with other bearings

N

cup

Tapered

r roller bearing Tapered roller bearings

(takes on radial as well as thrust/axial loads)

Even, in cases:
when an external axial (thrust) load is_not

present,
the radial load itself will induce (create) a

thrust reaction/force within the bearing
because of taper geometry.

Axial load




R, Is created by F, due to the taper geometry
and this R, axial force can be thought as a
force trying to separate the races (rings) from
the rollers.

To avoid separation of the races and rollers this
thrust force R, must be resisted/reacted by an
equal and opposite force.

One way of generating this opposing force is to
0.47F ' i
R — r always use at least two tapered roller bearings
2 K on a shaft with opposite mounting.

Above equation is given by TIMKEN, one of the largest tapered roller
bearing manufacturer.

K = 1.5 for radial bearings.
K = 0.75 for steep angle bearings.

Exact values for K’s are given in catalogues.
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Rating at T ? RN .G R ;
500 rpm for i 2 —F ‘\"“}.'.‘"} \\
3000 houry, LID e )
. - 4, ——
W O - -4, —
1 POW , E‘r- ¢
# Qutside radial  Thrust Fac. lord Part pumbezs
Bore dimmeter -+ Width ib b tor center .
d ' ; daN daN ° K at Cone Cup
0.3750inch1.2595  0.3940 435 301 }.44 -0.1%  A2037 A2i26
" 9.525me 31,991 18,008 182 i34 ~30 o ;
10.4724  1,9595 0.3940 435 301 .44 -0.12  A2047 A2126
312,000 31,9917 30,008 192 J3% - ~34° -
0.4992 1.3775 04330 500 387 -, 1.29 —0.10  "Ad040 A4138
12,680 34988 . 10,998 222 172 —25
0.53000 £ 3775 0.4330 500 387 120 —0.40 _ A4050 A%138
12,700 34,988 10,998 . 922 S172 - '
0.5000  LAK0 0.5313 7613 358 2,12 -0.20 00050 00150
12,206 48,100 13,49% 338 159 ~5.1"
18.5906 13775 (14330 500 387 1.20 —0.10  A4059 A4138
, %g@ 14,988 10,998 222 C 172 =25
- 06250 1.3775 1:4330 525 314 1.83 ~0.18  L21548 - L2153
15,875 ¢ 34,988 10,998 256 140 ~3.3 .
.625G" 1.59745 0.4730 L3%a ABN ) 2% 1 2 #nra e



[ St/

07 DA T S, 1 |

1 POW i Efl. .
s QOutside radial  Thrust Fac- lord Part pumbers
Bore dimmeter - Width ib IH tor canter .

d ' I daN daN ° K at Cone Cup
0.3250 inch1.2595 0.3940 435 301 }.44 -0,1%7  AZ037 A2i26
" 9.525me 31,991 12,008 182 i34 ~3,0 = :
10.4724 1.2595 (.3940) 435 301 I.44 -0.12  A2047 A2126
312,000 31,9917 10,008 192 134 -30° -

0.49972 13725 04330 500 387 - 1.29 —0.10  “Ad040 A4138
12,680 34988 . 10,998 222 172 —25
0.3000 £.3775 0.44930 500 397 120 —0.10 _ A4050 - A%138
12,700 34,981 £0,998 . 922 172 T =25 '
0.5000 L5000 0.5313 760 358 2.12 ~0.20 00050 00150
12,200 48,100 13,493 338 159 o
16,5906  1.3775 (.4320 500 387 1.29 —0.10  A4059 A4I38
: {33‘.?@ 14,988 10,988 222 © 172 -2.5
- 06250 1.3775 ¥:4330 575 314 1.3 ~0.18  L21548 - 121515
15,875 ¢ 34,988 18,998 256 140 ~3.3 "
0.6250°  1.5745 0.4730 . 530 480 1.3t ~006  A6D6? AS157
15,875 34,992 12,014 . 236 212 ~15 ~
0.6250  1623¢  ©.5625 8on 475 1.68 -0.20  DI052 03162
15,875 41,475 14,268 396 214 —54
0.6250  1.6875 0.562% 725 875 083 . —005 115% 11526
15,875 42,862 14,288 324 390 ' — 1,1
0.6250  1.6875 0.6563. 1150 655 :,2/5;_ -0.93 17580 17520
153,875 42,862 16,6720 - . 55 202 — 6.0
0.6250  [.7500 0.6100 1020 620 i.64 ~3,15 05062 05175
15,875 44,450 15,404 - 450 276 —~38
0.6250  1,9380 0.7813 } 600 730 2.20 ~0.36 09062 09195
15,875 49,225 16,845 715 394 —9,1
0.6250  2.1250 0.8750 1710 1730 099 .  ~0.23 21063 21212
: 15875 53,975 22,225. 760 770 B =58 :
10.629¢  +1 8504 0.8268 1560 1460 .07 ~0.24 HMBI643  HMAI6ID -
116,000 147,000 21,000 695 650 —6,0
0.68680  1.6250 0.4687 530 480 1 ~DO6  AG067 A8162
16,993 439275 11,905 236 212 - ~15
: 0.6872 1.4380 $.4375 300 420 1.20 —-0.08 A5069 Ani44

SRt

-

SNBEON SBEALE mmaan. oL



eft

L ' L

| —1 Lo L= | -
X —tertib;/\ O—tertibi
G G= Y s
Z \ 7 \/L G < /G
Q\ 17 - -
direct Indirect
— (face - to-face) = (bar%‘él;:]%;lga(?k)
mountin
(12£) (b2b)

23.03.2022

B2b mounting provides stiffer structure than f2f mounting and
It is recommended if there is tilting moment on the bearings.
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For a typical tapered roller bearing application under the effect of
external radial load F, and external thrust load T, ;

the roller radial reactions at G, and Gg are calculated by using
the moment equations at effective load center G, and Gg by the
help of distances r, and rg .

Thus;
1SN Mg =0, Fu(ra+r)=F xrg r i|:r I,
|:rA = |:r rB *—
M+ 1y
A e :
Also from > M, =0, or Y F =0 A Gq
r X
Fy=F —2 -
N A F. Fs
The external thrust load T, , onthe {8
other hand, is carried by the bearing '_' F,. =0
at A only due to the face-to-face -r:,ﬂ = From _T
arrangement. Y 4 ay — e

Tred

23.03.2022 . 29
roller bearing



In ball bearings the equivalent radial load was calculated by the relation:
F.=V-X-F+Y-F,

The same relation is used for tapered roller bearings with a few modifications:

V=1.0 (rotation factor) and X becomes 0.4 and Y is the K value of bearing:

Total thrust load
\

[
047xF,

F,=10x04xF, +K, T,
> ]
\ Y ) External thrust load
Thrust load

created by the other bearing



For a f2f configuration as seen:

Fa 'Fr Iy
13

/ \
F,=04F, +K, 0.47Fq +T,

L Ks ) A e -

4 A B
EB:Q4EE+KBEEE5ﬂ—R !

L Ka ) TR, F

I

However, we have to check if new
equivallent radial load is more or less than
the actual radial load on the bearing:

It |:eA < |:rA then |:eA = |:rA
If’ |:eB < |:rB then |:eB — |:rB

Also try not to forget using application factor as
a load safety factor
4 F,,, =af xF,

eq

Fqu = af x FeB
23.03.2022

B
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If a tandem arrangement (means two bearings together) is used at A, and a
single bearing at B:

5%

|
—

0.47F
2 =04F, +K, B 4T
&
2XK, 5
k J
Y Thrust load carried by one
Thrust load bearing at A T _ T,
F - FrA Created by bearing at e, E
A 2 B and carried by one
bearing at A

For bearing B (if a single bearing is used):
047F, -
K e
A

F, =04F, +K,



T
)
Thrust
+ B + &
& 7 N N
Tandem Arrangement of Duplex Bearings Load Lines

23.03.2022

Tandem arrangement (D)

|
N
NP

33



http://www.sbibearing.com/userfiles/yuanzhui2.JPG

Along with the equations given;

once external force and bearing reaction values are known, a trial &
error method can be used to select a suitable tapered roller bearing
for the information generally given as shaft speed and shaft diameter.

Then the life of bearing selected can be compared with the life
required for the application.

a
L Leng (CRj
D =
n, \F
If bearing selected provides a life reasonably larger than the life
required then selection is correct,

L, >? L

req

If NOT, then try a stronger bearing and check life again



Tapered roller bearings produced by TIMKEN do obey the relation of

where
B ] L, design (required) life of bearing in hrs
LD nD Ny design speed (in rpm) of the shaft
eq| | . L, (rating life) 3000 hrs
Lr nr n, (rating speed) 500 rpm
- - F.q radial equivalent load to be carried
Ck (rating load) for bearings

1
a

Q|

DnD

CR — Feq These equations help calculate
TIMKEN A.B LR N, required rating load to be
satisfied in choosing roller
bearings from catalogue.

eqv 6 o
general 10 3



Selection procedure for TIMKEN Tapered Roller Bearings.

1) Calculate radial loads at related bearing points from statics

2) Calculate thrust load (T,) and set the direction

3) Assume a K value of nearly 1.5 for both bearings K,= 1.5 and Kz=1.5
4) Calculate F,, and F_g values based on above values by using relations.

Use correct directions for thrust
F,=04 Foa +K, 0.47F + T, load and also take into
n XKy n consideration tandem conditions if
0.47F It exists n is the number of bearings
_ : A at A (if tandem exists at A
F,=04F, + KB( f J_rTe] ( )
A
i F, <F. then F, =F =F, , =af xF

5) Use F,, Vvalues in load-life relation along with L, & ny values to
calculate required rating load of the bearings to be used is selection
from catalogue.



Here are the relations used to select TIMKEN tapered roller bearings

L xn_ |a c_F LDan( 1)5)( 1
C.=F| —=—= * | Lexn, | 6.84 D\
LRan (|nﬁj

6) Choose a bearing (both cup-cone pair) from the catalogue which satisfies
both diameter and rating load (Cg) requirements;
CRcat > CR

7) Use the new and correct K values of selected bearings (K,, Kg) in step 4 to
recalculate the F_, and F_; values and then use af if required.

8) Use the new Feavas, oy, values in life equation to calculate the new life which
the selected bearing can run for (with 90 % reliability). This life has to be more
than what is required.

a
L, =L, M| e
° Rl F
D €0new AB



9) Compare the newly calculated life with the life required,
If it is more than what is required, then selection is correct,

If NOT, then selection is wrong, TRY a stronger bearing until the life
requirement is satisfied.

it L
L

> L, selection is OK

new

<L, re-try a stronger bearing

new



Example 3.4 (11.7) same as Fig. in Ex. 3.3
Example for tapered roller bearings 11.9 (same figure as in 11.10)

y\
550 Eo=-0242F,i —0.242F j +0.940 F ok

i
f 375 D. at
S large end

Tapered roller bearings are to be mounted in housings at points O and B with the
bearing at O intended to take out the major thrust component.



a) The bearings are to have an L, life of 36 000 hrs corresponding to a shaft speed
of 900 rpm. Use 1.5 for K factors, unity for the application factor and find the required
radial rating of each bearing,

b) Choose suitable bearings for both housings with diameter about 34 mm at O and
34 mm at B, for a life of L, = 10 khrs at a shaft speed of 500 rpm from TIMKEN

catalogue.
T, =2.422 kN
The reaction forces were found as shown in the figure. Fro =3.491kN
FrB =6.677 kN
|:rO T > 7
O B
0 / \
: B | ST
T, |
N A L A
Fs X-tertibi
Fr o Face-to-face FrB
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So,

0.47F, 0.47X6.677

Fo=04F, +K_( +T,)=0.4x3.491+1.5( T +2.422) =8.167kN

B

047 0 _1)-0.4x6.677 +1.5(O'471X§'491— 2.422) =0.678kN

Fe.=04F; +K;(
O

since K, <F ; F_=F =6.677kN

€

The required ratings for the bearings are:
1

L.n, |2
C.= Fe{ LDnD} —>

3

36000x900 0 _ o0
| 3000x500 |

C, =8167

3

3600090050 _ 4 oo
| 3000x500

C,. = 6677




b) For | _ =10000hrs & n, =500rpm

3

Co, =8.167| o0 X0 0 _ 11 70kN (= 26311h)
| '3000%500 _
_ _3
C. =6.677|20000%00 1 _ g sy (= 21511b)
: | '3000%500

From TIMKEN catalogue on page 502 with a diameter of 1.375" =34.92
mm> 34 mm different C values are possible the required values are 2150
b & 2630 Ib.

1)Try bearings with cone M38549 & cup 38510 with K=1.66 & C=2520lb=

11223 N for both points O & B.
Now re-calculate
|:eO & I:eB

Since K, and Kg values changed from 1.5 to 1.66



F. = o.4x3491+1.66(0'4z)é%677 12422) = 8555N

F,. =0.4X6677 +1.66(O'4I)§;491 —2422) = 291N —> F., = 6677N

10 10
3

3
L =1L e[ S= | Z 300052 (11223j — 7414hrs <10000hrs
3 500\ 8555

not satisfactory

2) Try bearings with ; cone 02877 cup 02820 K=1.29
C=2620 Ib=11668N for both O & B
Re-calculate

A

F.=04F; + KB(O'TZ—F”*—TEJ

|:eO & I:eB
F.,=04F, + KA(O'4K7 Fro iTe)

B




F., =0.4x3491+1.29

(0'47 x0677 2422] — 7659 N

F =0.4x6677 +1.29(0'47 X 0677 _ 2422) =2684.6 N <F ;—F ;=6677 N
10
L, =3000x 20011668 ) =12200hrs >10000hrs;  OK for point O
500\ 7659
10
L, =3000x 20011658 1% _ 1 9280nrs > 10000hrs; OK for point B
; 500\ 6677

So TIMKEN tapered roller bearing with d=1.375"=34.92 mm.

Cone 02877  K=1.29

Cup 02820 C=2620 Ib= 11668 N will satisfy the life & load
requirements both at points O & B.



If we use SKF tapered instead of TIMKEN, we use equation

C ) 16667

|:eqv = X x Fr +Y XFa—) Lhrs = . d =10/3 for tapered rollers.
n

eqv rpm

X, Y factors are taken from SKF catalogue.

Let d = 34 mm; In SKF we have bearings. i<e i>e
Fr Fr
d | Designation C C, e XY X Y

(mm) (N) (N)

35  32007X 36500 30500  0.46 10 04 1.3
30207 44000 | 32500 | 0.37 10 04 |16
32207 56000 45000 | 0.37 10 04 16
33207 72000 | 62000 | 0.35 10 04 1.7
30307
31307

32307



I

Single row taper roller bearings

Equivalent dynamic bearing load

P=F, when F,/F < e
P=0D4F +YF, whenF,/F>e

The values of the calculation factors e and Y can
be found in the product tables.

Equivalent static bearing load

Pa=0,5F, +YgF,

When Py < F, Pg = F; should be used. The value
of the calculation factor Y can be found in the
product tahles.



Mutric single row taper roller bearings

d 35— 40 mm
Principal dirmensions Basic load ratings Fatigue Speed ratings Mass Cesignation Calculation factors
dynamic static load Refer-  Limiting
limit ence speed y y

d D T J& Co Py speed * . ?

mrn kN kiN .r{min kg - - =

35 62 18 49 54 585 8500 11000 022  «32007X%/Q 046 13 07
62 18 429 49 5.2 8000 11000 022 32007 J2/G Q44 335 038
72 1828 ”@ (56 ) 61 7000 9500 032 ” ; 037 16 09
12 24,25 5 ; 8.5 7000 9500 0,43 07 72/Q ; 037 16 09
72 28 84,2 106 11,8 6300 5500 056 33207/0 | 035 1.7 @9
80 2275 724 73.5 8.3 6700 9000 0,52 30307 J2/Q ) 031 29 a3
80 22,75 616 67 7.8 6000 8500 D.52 31307 .)2/Q ) 083 072 04
80  32,7% 952 106 12,2 6300 9000 0,73 323907 12/Q } 031 19 11
81 32,75 935 114 13,2 6000 8500 0,80 32307 BJ2/Q 3 054 11 D4

37 80 3275 935 114 13,2 6000 8500 0.85 32307/37 8J2/Q ; D54 11 06



Let’s try SKF 30207 bearings: Fo,=3491N
For point O & B

F .=6677 N
0.47xF. "
2422 + B
F, Ksg
Ta | - =1.2556 >e=0.37 > X =04, Y =1.6
F ), 3491 O
0.47xF,_
Rl Ko 1925 05 60375 %210,V :o.o}
F.). 6677 6677 B
0.47xF, . F
Fo =0.4xF, +1.6><[ e Faj . O.4><3491+1.6><( B +2422j
B
F. = 0.4x3491+1x (0.47 x 6677 +1.6x 2422) = 8410 N
af =1.0 > F,.,o = F,, =8410 N ( C J 16667
I—hrs: F— X
eqv

Lo, = (LOOO] 16067 _ 8 286 hrs <10 000 hrs — FAILS.

8410 500




Try SKF 32207 (C =56000 N)
Fo =0.4%x3491+1.0x(0.47x6677+1.6x2422)=8410 N

10

Lo, =(@j3 16687 _ 18515 hrs >10000hrs > OK at O SKF 32207.

8410 500

=F, =6677 N

a
0)

0.47xF,
Fe =1.0xF_+0x >+ F

SKF 30207 (C =44000 N)

3.33
Lis, = (LOOO) 16667 =17882 hrs >10000 hrs > OK at B SKF 30207.

6677 500



Example 3.5
Example for ball bearings

The electric motor rotor rests on two bearings at A and B. It drives a
machine via a pair of helical gear. The rotor itself weighs 1200 N and is
carried by the two bearings symmetrically.

At the mesh point of the two gears a tangential load of 2350 N and an axial
load of 850 N exist as shown in the figure. The diameters of the rotor at
bearings points are 40 mm and in between where rotor is fixed, it is 45 mm.
The motor power is 24.5 HP and rotor rotates at 1500 rpm.

Based on these information select bearings at A and B.

l¢

B
120mn 250mm | 250mm

machine

A
Fz=2350N 36 mm El. motor
A rotor - B

Wrotor= 1200 N
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|
120mm 250mm | 250mm

machine

36 mm El. motor ]
A rotor — B

The required life for the bearing is not stated in the question.
In such cases we can make use of suggestions given in Tables.

Determine the required life for the electric motor from Table 11.6
« Machines for intermittent service, reliable 8-14 khr (L)
* Machine for 8-h service not always fully utilized 14-20 khr

A bearing with rating load C will be chosen from catalogue and life will

be checked. F. =2 F =VxXF +YF,
a
. _[.C | 16667 Py =alf xF,af =7 1.2
s | = | A F =7
Feqv nrpm r At A&B
Given Fa =7

23.03.2022 51
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Table 11-6 BEARING-LIFE RECOMMENDATIONS FOR VARIOUS
CLASSES OF MACHINERY

Type of application Life, kh

Instruments and apparatus for infrequent use Up to 0.5
Aircraft engines 0.5~2
Machines for short or intermittent operation where service interruption

is of minor importance . 4-8
Machines for intermittent service where reliable operation is of great

importance 8-14
Machines for 8-h service which are not always fully utilized 14-20
Machines for 8-h service which are fully utilized 20-30
Machines for continyous 24-h service ' 50-60
Machines for continuous 24-h service where reliability is of extreme

importance 3 100-200

23.03.2022



Due to weight of the rotor (1200 N)

1200 N

B

600 N

é}

23.03.2022

T6OO N
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Due to tangential load at gear (2350N)

2.M,=0;
2350x120 =F , x500
F,, =564 N

564 N

> F, =0;
F,=2350+F,
F, =2350+564=2914 N



Due to axial load (850N)

850 N
120mm 500
18mm T B
30.6 N

Z M, =0; Z R =0;
850x18 =F ,, x500 F ,~=Fs,=30.6 N
F,, =30.6 N

23.03.2022
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Resultant Forces at points A and B

(_/ 2350 N 30.6 N
850 N A 1,
Ra :\/(RAy)2+(RAz)2 L2014 N ‘ll / B
564 N
R, = /(630.6)? + (2914)? 30.6 NTTGOO N T
R, = 2981 N +200R °00N
=
I:\)B = \/(RBy)2 + (RBZ)2
W A7 2350N > .
BONT = _ o Ry = +/(569.4)% + (564)
" R, =802 N
F, =850 N
F. =2981N

F. =802 N

23.03.2022 56



V\/ 2350 N
850 N

F. =2981N

Thus

Bearing A F, =850N More critical |
due to both axial

F =298IN  and radial loads

BearingB F, =0N
F. =802N
For Bearing A from catalogue

With d= 40 mm available bearings
of deep groove (cheap) ball type are:

23.03.2022

Due to geometry of the EM
rotor and bearing configuration
bearing A should carry the
axial load 850 N.

850N I i

]
A K B K
6008  C=12900N | C.= 9300 N
6208 C=23600N | C.=16600 N
6308 C=31500N | C,=22400 N
6408 C=49000N | C,=36500 N

57



Let's use 6208; C=23600 N d=40 mm.

Fa _ 890 _ 40512 5 e=~0.25
C. 16600

Fo _ 890 _4o85-e-025

F 2081

r

So;— X =0.56, Y =1.7

F. =V xXF +YF, =1.0x0.56x2981+1.7x850

F,=3114N (> F,)
F,, =af xF, =1.2x3114 =3737 N

~ (23600)3 16667

s\ 3737 1500

6008
6208
6308

6408

C=12900 N
C=23600 N
C=31500 N

C=495000 N

C.= 9300 N
C.=16600 N
C,=22400 N

C,=36500 N

= 2798 hrs <<<8-14khrs Not satisfactory



Re-choose 6308

C =31500N, C,=22400N F. =850N
F F

C—a =0.038 >e=0.24; —2=0.285>e; X =056, Y=18 F =2981IN

F
0 r
F, =0.56x2981+1.8x850 =3200 N(> F.)
F. =1.2x3200=3840 N

__(31500)316667
"\ 3840 ) 1500

= 6133 hrs <8 khrs Not satisfactory

Re-choose 6408
C =49000N, C,=36500N

%:0_023_>e20.22; i:0.285>e; X =056, Y=20
0 r

F, =0.56x 2981+ 2.0x850 = 3370N(> F. )
F.,, =1.2x3370 = 4044 N

(49000’ 16667
"\ 4044

=19766 hrs > 14 khrs
1500 satisfactory

(use 6408 deep groove for both A & B)



Time Varying Loads

If the load on the bearing is not constant over the life-time of the bearing but
varies with time or revolution of bearing then we have to find an equivalent or
mean load which is assumed to be constant over the life-time of the bearing and
use it in following calculations.

Force

Fr or F5 =constant

time
(revs of hrs)

life cycle

Fig. 3.2 Time varying loads on bearings



Fig. 3.3 Time varying loads on bearings

Fy

By using the load life relation of the bearing:

Load Revs, hrs N

F v, LN =L3N,  RUN=RUN=DIRSN
F, N,

F, N, F*N=F*N+F*N,+F* N+

|:4 N4

Fe-N=>F*N,



or _ _1 where

m
N a=3 for balls
a=10/3 for rollers

Mean load can be found for
varying axial load as well as for

varying radial load Thenuse F,, in other equations such as

Fo =V XK, +Y.F,

a

_ |:min +2Fmax L — i X106

revs
F

eqv

F min

time
(revs)

Fig. 3.4 Time varying loads on bearings



Example 3.6 Example for varying load application

A bearing during operation carries loads as shown in figures for its full life.
Both the radial & the axial loads are of varying nature.

Choose suitable bearings for the application if the shaft speed is 1500 rpm
and the shaft diameter is:

a) 40 mm b) 35 mm C) 25 mm

) Deep groove balls

)  Angular contact balls

i) Cylindrical roller (straight)

N
2750 750
2500
2000 .10 20 | 10 00 30 10
10 x10° revs 10 x10° revs
|Zra i 50x10° revs - 50x10° revs

axial
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Since the loads are varying type we have to calculate mean values for
both radial and axial loads F,, and F,_

_ {Z RN, T let's assume that we will use ball bearings: so a= 3.

1

{(zooo3 x10x10°) + (2500° x10x10°) + (3000°% x 20 x10°) + (2750° x10x10°) |3

F o : — 2700 N
(10+10+20+10) x10

1
F o (500° x10x10°) + (1000° x30x10°) + (750° x10x10°) |3 _ 892 N
e (10 +30+10) x10°

Now, we use F,, and F__ to calculate equivalent load F_, and
the life to run for dlﬁerent bearings.



a) Using deep groove ball bearings (cheap and most widely used)
with d= 40 mm we have alternatives of

d Designation C Co
(mm) (N) (N
40 61808 2400 2200
16008 10200 7800
6008 12900 9300
6208 23600 16600
6308 31500 22400

6408 49000 36500



Try 6008 (C=12900 N)
892

=0.096 > e=0.28

892

F:

C, 9300
F =0.33>e—> X =056,Y =155 and let af =1.2
F 2700

F,=0.56x2700+1.55x892 = 2895N (> F, = 2700 N)
F.,, =af xF, =1.2x 2895 = 3475 N

a 3
Lm:[ c } 16667 (12900) 16667 oo

F n 3475 ) 1500

eqv rpm

~568 hrsx 2N 1900TEYS _ 5157950 revs = 51.15x 10° revs > 3N,

1 hrs min

Since L._.=51.15x10° >50x10° total life OK

revs




OR 2 3
L. .= £ | %10° revs = (@j x10°
Fequ 3475

=51.15x10° revs > > N; OK

Do other diameters yourself

Try also
i) angular contact ball bearings?
i) cylindrical roller (straight) bearings (a=10/3) ? ! !



i) Choose angular contact ball bearings with d= 40 mm

SKF
d, mm designation C , N C, , N
40 7208B 24500 18600
7308B 34500 25000
F F
2 <e —2>e
F F
e=1.14
X Y X Y

=
o

0.35 0.57



892 533.6-114-5X=1.0,Y =00, Let af =1.2

FE 2700

r

F,=XxF =27/00N - F,,, =1.2x2700=3240 N

1

ol 1
L. xn a L 2
C _ hrs rpm < E or _ [ Lrews
req ( 16667 j eqv Creq ( 106 j X Feqv

6
Croq = (50”0 j x 3240 =11935 — 7208B with C = 24500 N

Wl

06
will satisfy

F 3240

eqv

Croa ) :
Lrevsz[ reqj x10° = (@j x10° = 432x10° revs >50x10° revs

i) Cylindrical straight roller bearing!!



