Chapter 10 Kinematic Speeds, Friction Torque, and Power Loss 1
Example 10.1 Ball and Cage Speeds

in a Deep-Groove Ball Bearing
Problem Statement

The 209 DGBB of Ex. 7.1 rotates at shaft speed
1800 rpm. Estimate the cage and ball speeds.

Problem Solution

Ex.(2.1) & =0E
D =127 mm (0.50 in.)
dm =65 mm (2.559 in.)

Ex. (2.5) y=0.1954

2 (1-y) =22

Eq. (10.13) n, =~ 1-0.1954) = 724.1rpm

d n ( _yz):65[1800

= _“m i 1
Eq. (10.14) ng 2107

Lult (1-0.1954%) = 4430rpm
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Example 10.2 Friction Torque in a Radial Cylindrical Roller
Bearing

Problem Statement

Estimate the total friction torque of a 209 CRB bath-lubricated
with a 20 ¢St mineral oil supporting a radial load of 4450 N and
rotating at shaft speed of 10000 rpm.

Problem Solution

Ex. (2.7) a=0E
D =10 mm (0.3937 in.)
dyn =65 mm (2.559 in.)
y=10.1538
Z = 14 rollers
[=9.6 mm (0.378 in.)

Eq. (10.17) M, = fiF3d,,
Table 10.3 assume f; = 0.0003

M, =0.0003[4450[65 =86.78N [mm(0.7677in.LIb)
Eq. (10.23) M, =107 f,(v;n)"d,,

Table 10.4 for oil bath lubrication, f, = 3 for a medium series bearing.
M, =107 3{2000000)"" [f65)’ = 281.8N Linm(2.493in. b)

Eq.(10.26) M =M, +M, +M, =86.8+281.8+0=368.6N [nm(3.261in.Ib)
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Chapter 10 Kinematic Speeds, Friction Torque, and Power Loss 3
Example 10.3 Friction Torque in an Angular-Contact Ball
Bearing

Problem Statement

Estimate the rolling friction torque and viscous friction torque of a
218 ACBB jet oil-lubricated with a 5 ¢St mineral oil, supporting a
thrust load of 22250 N (5000 1b), and rotating at shaft speed of
10000 rpm.

Problem Solution

Ex. (2.3) a =40°
D =22.23 mm (0.875 in.)
f=0.52

Ex. (2.5) Z=16balls

Ex. (2.6)  dm=125.3 mm (4.932 in.)
y=0.1359

Eq. (9.8)
C, = @iZD’ cosa

Table 9.2  at )= 0.1359, ¢, = 15.48

C, =15.48 006 [{22.23)’ cos 40° = 93760N (21,0701b)
Eq.9.15) F. =X F +YF,
Table 9.4 X,=0.5,Y,=0.26

F. =0.500+0.26122250 =5785N (1300[b)

C

N

F y
Eq. (10.18) f1=z( j

Table 10.1 for a=40°,z=0.001 and y = 0.33
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0.33
f= o.om(%j =3.988010™

Eq. (10.20) F,=0.9F, cota’ - 0.1F,
F, =0.9122250c0t40° —0.110 = 23860N (53631b)

Eq.(10.17) M, = f,Fsd, =3.988 10107 (23860 (125.3 =1192N [nm(10.55in. b)

Eq. (1023) M, =107 f,(v,n)" d?

Table 10.3 for jet oil lubrication f, = 6.6

M, =107 6.6 ({5 10000)*” [{125.3)° =1762N nm(15.59in. b)

Eq. (10.26)

M=M,+M,+M, =1192+1762+0 = 2954N [nm(26.13in.[1b)
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Example 10.4 Friction Torque in a Radial Needle Roller
Bearing

Problem Statement

Estimate the friction torque of a drawn cup, radial needle roller bearing operating
in a heavy truck manual transmission clutch. The bearing pitch has a pitch
diameter of 20 mm (0.787 in.), operates with a radial load of 51 N (11.5 1b), and
rotates at a shaft speed of 3500 rpm in SAE 50 weight oil with a viscosity of 94 ¢St at
operating temperature.

Problem Solution

Eq. (10.28) M =d, [45x107v,%n +0.12F,*")
M =20[4.5%107 (94°*[3500%¢ ) +0.12(51°*' |
M =12.04N [mm(0.1065in.L1b)
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Example 10.5 Friction Torque in a Needle Roller Thrust
Bearing

Problem Statement

Estimate the friction torque of a needle roller thrust bearing operating in a heavy
truck manual transmission clutch. The bearing pitch has a pitch diameter of 46 mm
(1.81 in.) and length of 2.6 mm (0.102 in.), operates with a thrust load of 825 N
(185.5 1b), and rotates at a shaft speed of 3500 rpm in SAE 50 weight oil with a
viscosity of 94 ¢St at operating temperature.

Problem Solution

Eq. (10.29) M =45%x107v,”n"d  +0.016F,1
M =4.5x107 (94 (3500)°° (46) + 0.016(825)(2.6)
M =34.33N [mm(0.3039in.L1b)
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Example 10.6 Friction Torque in a Tapered Roller Bearing
Problem Statement

Estimate the friction torque of a tapered roller bearing mounted in the #2 position
on a double reduction-parallel shaft industrial gearbox, where the low speed shaft
contains a helical gear. The applied separating (radial) and thrust (axial) load
associated with the gear set are 144,800 N (32,560 1b) and 37,300 N (8386 1b)
respectively. The shaft rotates at 70 rpm with splash oil lubrication. The lubricant
is an AGMA 5 with a viscosity of 32 ¢St at operating temperature. The distance
between bearing effective centers (L) is 60 mm (2.36 in.) and the gear center (a) is at
a distance of 16 mm (0.63 in.) from bearing position #1 effective center. Both
bearing positions use a 30228 series tapered roller bearing with the following
dimensions:

= d,=200 mm (7.87 in.)
= D=23.5mm(0.93in.)
= ]=27 mm (1.06 in.)

" 7=24
" a=16.2°
= K=1.34

%—-—-u—-——,lf‘].

—a=F . O
= Ky 4
e P __L_____ e
Fir Fayp

Problem Solution
Eq. (4.6) F, = P% = 144800% =38,613N(86811b)

F, =P, =37300N(8386lb)
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Fig. (10.2)

Eq. (10.32)

Eq. (10.30)
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2.4
2.0+
16—
- 12
L T IF: KFg/Fr>2.5
USE: Fajeq) - o
o4 KFg /Fr s0.502 FOR
FURE RADIAL LOAD
'm: gl sl g Al gk
04 08 12 16 20 2.4
KFa/Fr
F 37,300
K-—2=134 =1.29
F,, 38,613
£, =12

G - di/ZDI/G(Z )Z/S(Sin a)—1/3
G = (200"2)23.5"¢ )24 27)*" (sin(16.2)) ™"
G = 548,584 (288.8)

1/3
F
M =3.76x10" [G(n vo)”z(f, Kj

1/3
M =3.76%107° (348,584 [{70 BZ)“(I.Z f’;ﬂ

M =3180N [mm(28.1in L1b)
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Example 10.7 Friction Torque in a Tapered Roller Bearing

Problem Statement

Estimate the friction torque of the tapered roller bearing mounted in the #1 position
on a double reduction-parallel shaft industrial gearbox of Example 10.6.

Problem Solution

Ex. (10.6)

Eq. 4.5)

Fig. (10.2)
Eq. (10.30)

P. =144,800N(32,5601b)
P, =37,300N(83861b)
L= 60mm(2.36in.)

a = 16mm(0.63in.)

n ="70rpm
V, =32cSt
G = 548,584 (288.8)
K =134
F, = P(l —ﬁj = 144800(1 —Ej =106,187N(23,872ib)
L 60
F,, = 0N(0lb)
241
20—
16—
- 12
0.8 . e
ol K2
oA KFq /Fp = 0.502 FOR
FURE RADIAL LOAD
Ly R N O N A I (LIS O |

0% 08 17 14 20 24
KFa/Fr

f, =1.08

1/3
F
M =3.76x10"° El}(nvo)”z[f, Kj

1/3
M =376x107 (348.584[{70 82)1’2(1.08 016314ig 7]

M =4301N [mm(38.0in[Ib)
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