Chapter 11

11-1 For the deep-groove 02-series ball bearing ®ith0.90, the design lifgy, in multiples
of rating life, is
2
L, _60L,n, _60(25009 350 o Ans,
LR LlO 106

Xy =

The design radial load is
F, =1.2(2.5= 3.0 kM

1/3
525
Eq. (11-9): C,=3.0
° {0.02+(4.459' 0.0 I6 1/0)@1’1‘483}

Ci=24.3 kN Ans.

Table 11-2:  Choose an 02-35 mm bearing @iffi= 25.5 KN. Ans.

525(3/25.5° - 0.0
4.459- 0.02

1.483
Eq. (11-21): R=exp —[ i =0.920 Ans

11-2 For the angular-contact 02-series ball bearingeasribed, the rating life multiple is

L, _60L,n, _60(4000Q 520 1, 4g

D
i LR L10 10°

The design radial load is

F, =1.4(729= 1015 IbE 4.52 ki
Eq. (11-9):

1/3
1248
C,o =101
? %0.02+(4.45s+ 0.0f If 1/0)@”1‘483}

=10930 Ibf= 48.6 kN

Table 11-2:  Select an 02-60 mm bearing W@{h= 55.9 KN. Ans.

1.483
1248 4.52/55.9 - 0.0
Eq. (11-21): R=exps-— =0.945 Ans

4.439
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11-3 For the straight-roller 03-series bearing selectiorr 1248 rating lives from Prob. 11-2
solution.

F, =1.4(2239= 3129 Ibt 13.92k

3/10
o =13.92(%48j = 118 kM

Table 11-3:  Select an 03-60 mm bearing Wdth= 123 KN. Ans.

0.0 1.483
: :r =0.917 Ans

0/3

124813.92/128
4.459- 0.02

Eq. (11-21): R=exp {

11-4 The combined reliability of the two bearings setekin Probs. 11-2 and 11-3 is

R=(0.945( 0.917= 0.867 Ans

We can choose a reliability goal ¢0.90= 0.9%or each bearing. We make the
selections, find the existing reliabilities, multighem together, and observe that the
reliability goal is exceeded due to the roundupayacity upon table entry.

Another possibility is to use the reliability of@ bearing, sal;. Then set the reliability
goal of the second as

_0.90
= R

or vice versa. This gives three pairs of selestiimncompare in terms of cost, geometry
implications, etc.

11-5 Establish a reliability goal 0f/0.90= 0.9%or each bearing. For an 02-series angular
contact ball bearing,

1/3
1248
C,o =101
* ﬁJo.oz+ 4.439 If 1/0.9)@”1'483}

=12822 Ibf= 57.1 kN
Select an 02-65 mm angular-contact bearing @i~ 63.7 kN.

1.483
1248 4.52/63.Y - 0.0 .
R, =expy— 4.439 = 0.96:
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For an 03-series straight roller bearing,

3/10
Cy, =13.92 1248 ot = 136.5 kD
0.02+ 4.439 Ir{ 1/0.9§)

Select an 03-65 mm straight-roller bearing v@tlg = 138 kN.

1.483
1248(13.92/138"°- 0.02 | 0.95:
4.439 I

Ry =exp {

The overall reliability iR = (0.962)(0.953) = 0.917, which exceeds the goal.

11-6

For the straight cylindrical roller bearing speetfiwith a service factor of R=0.95 and
Fr=20 kN.

_60L,n, _60(8009 950 456

LT L, 10

3/10
C,=20 456 it —145kN  Ans
0.02+ 4.439 Ir{ 1/0.9]

|—||—
lw)

11-7

Both bearings need to be rated in terms of the satadog rating system in order to
compare them. Using a rating life of one milli@volutions, both bearings can be rated
in terms of a Basic Load Rating.

C,=F
Eqg. (11-3): A A( L. L, 10°
=8.96 kN

BearingB already is rated at one million revolutions,Go= 7.0 kN. Sinc&a > Cg,
bearingA can carry the larger load. Ans.

11-8

Fp=2kN,Lp = 10 rev,R=0.90

L l/a 109 1/3
Eq. (11-3): C,=F,| =2 | =2|=—| =20kN Ans
cars oon (] {2
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11-9 Fp =800 Ibf,/p = 12 000 hourg),= 350 rev/minR = 0.90

1l/a 1/3
12 000 350( 6
Eq. (11-3): C10=FD(#)] :800{ O:(L - 9 9)j = 5050 Ibf Ans
R

11-10 Fp =4 kN, /Np = 8 000 hoursn, = 500 rev/minR = 0.90

1/a 1/3
8000( 500( 6
Eq. (11-3): clo=FD(#)J =4( 0(106()( q’) =249kN Ans
R

11-11 Fp = 650 Ibf,n, = 400 rev/minR = 0.95
/b = (5 years)(40 h/week)(52 week/year) = 10 400 siour

Assume an application factor of one. The multgdieating life is

y _ L, _ (104009 ( 409( 69)=249_6
°L, 10°
1/3
249.6
Eq. (11-9): C,,=(1)(650
0 =(1)(659 0.02+ 4.439 I 1/0.95
= 4800 Ibf Ans

11-12 Fp=9kN,Lp = 1CG rev,R=0.99

Assume an application factor of one. The multgfleating life is

L, _1C°
Xp =2 = =100
L 10°
1/3
100
Eq. (11-9):  Cy=(1)(9
o= 0.02+ 4.43 If 1/0.99 "

=69.2 kN Ans

11-13 Fp =11 kips,/1p = 20 000 hourgy, = 200 rev/iminR = 0.99
Assume an application factor of one. Use the Wlkfmrameters for Manufacturer 2 in
Table 11-6.
The multiple of rating life is

Shigley's MED, 18 edition Chapter 11 Solutions, Page 4/28



L, _(20009(209( 69 _,,,

X.=—2 =
° L, 10°
1/3
240
Eq. (11-9): C, =(1)(11
o= (1) ){0.02+ 4.439 It 1/0.9)@1’1'483}
=113 kips Ans

11-14 From the solution to Prob. 3-68, the ground lieadbrce carried by the bearing@is
Rc =Fp = 178 Ibf. Use the Weibull parameters for Mantdeer 2 in Table 11-6.

L, _1500Q 1200( 6P

-‘o
7 10

=1080

1/a
X, }
% +(6-%)(1-R, )"
1/3

1080
C, =1.2(17
0 =12 3[0.02+(4.459' 0.0 % 0.9%1"‘83}

=2590 Ibf Ans.

Eq. (11-10): C,=a, F{

11-15 From the solution to Prob. 3-69, the ground reachioce carried by the bearing@is
Rc =Fp = 1.794 kN. Use the Weibull parameters for Mantufeer 2 in Table 11-6.

_1500Q 1200( 6p

I_D
== =1080
T 10

1/a
XD
Xo+(6’—xo)(1—RD)”“}
1/3
1080
C,=1.2(1.79
0 =12 4{0.0244.459 0.0f % 0.9%1"‘83}

=26.1kN Ans.

Eq. (11-10): C,=a, F{

11-16 From the solution to Prob. 3-7R¢, = —327.99 IbfRcy = —127.27 Ibf
1/2
R =F,=[(-327.99"+(-127.27 | = 35181

Use the Weibull parameters for Manufacturer 2aibl& 11-6.

L, _ 15009 1209( 6)):1080

X, =—2
° L 10°
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l/a
X }
% +(6-%)(1-R,)"
1/3
1080
0.02+( 4.459- 0.09 = 0.95*

=5110 Ibf Ans.

Eq. (11-10): C,=a, F{

Cyo =1.2( 351.3[

11-17 From the solution to Prob. 3-7R¢; = —=150.7 NRcy = —86.10 N
1/2
R =F, = (-150.7)" +(-86.1 | = 173561
Use the Weibull parameters for Manufacturer 2 abl€ 11-6.

L, _1500Q 1200( 6p

Lo
L. 10°

X = =1080

1/a
X }
%+(6-%)(1-R,)"”

1080 -
0.02+( 4.459- 0.0f ¢ 0.95"

=2520N Ans.

Eqg. (11-10): C,=aF, {

Cyo :1.2(173.3{

11-18 From the solution to Prob. 3-7,, = 444 N,Ray = 2384 N

R.=F, =(444 + 2384) " = 2425 2425k
Use the Weibull parameters for Manufacturer 2abl€ 11-6. The design speed is equal
to the speed of shatD,
d 125

Mo :ir} :E)(lgl) = 95.5 rev/mil
X _Ly :12000( 95.5( 69)=68_76
Lq 10°

Xp

Xo+(9-xo)(1-RD)”“}

Eqg. (11-10): C,=aF, {

1/3
68.76
C,o=(1)(2.42
0= (0 E)[o.oz+(4.459+ 0.0 % o.s)%“"g}

=11.7kN Ans.
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11-19

From the solution to Prob. 3-My, = 54.0 Ibf,Ray = 140 Ibf
R.=F, =(54.¢+ 146) " = 150.L1b

Use the Weibull parameters for Manufacturer 2abl€ 11-6. The design speed is equal
to the speed of shafD,

_F n= E)
d. 5

o

n, (280) = 560 rev/mir

L, _14000q 56Q( 6]

D
° L, 10°

=470.4

1/a
XD
Xo+(0—xo)(1—RD)”b}
3/10
470.4
C,o = (1)(150.
o= () ]){o.oz+(4.459 0.0 % o.gél"‘“}
=1320 Ibf Ans.

Eq. (11-10): C,=a, F{

11-20

(@ F,=3kN,F, =7 kNn, = 500 rev/miny = 1.
From Table 11-2, with a 65 mm bof&, = 34.0 kN.

Fa/Co=3/34=0.088

From Table 11-1, 0.28e< 3.0.

F 3
—a=-__ - _=0.357
VR, (1.2)(7)

Since this is greater tha@ninterpolating Table 11-1 with, / Co = 0.088, we obtain
X>=0.56 and{z = 1.53.

Eq. (11-12): F,=X\VF. +YF, =(0.56)(1.9( 7+( 1.58 B= 9.29k Ans.
Fe > F, so usd-..

(b) Use Eq. (11-10) to determine the necessary rasatittte bearing should have to
carry the equivalent radial load for the desiiégldnd reliability. Use the Weibull
parameters for Manufacturer 2 in Table 11-6.

L, _1000Q 509( 69):300

X, =—2
°L, 10°
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Xp

Xo+(9-xo)(1-RD)”b}

Eqg. (11-10): Co=a,F, {

1/3
300
C.o =(1)(9-29
0= ){o.oz+(4.459 0.0 % 0.9%1'483}
=73.4 kN

From Table 11-2, the 65 mm bearing is rated fo® &bl, which is less than the
necessary rating to meet the specifications. bé&ing should not be expected to meet
the load, life, and reliability goals. Ans.

11-21 (a) F,=2 kN, F. =5KkN, n, = 400 rev/miny =
From Table 11-2, 30 mm bor€;, = 19.5 kN,Cp = 10.0 kN
Fa/Co=2/10=0.2
From Table 11-1, 0.3de< 0.38.

Fa - 2 —_
v —W—OA

r

Since this is greater tham interpolating Table 11-1, witk, / Cp = 0.2, we obtairX; =
0.56 andY; = 1.27.

Eg. (11-12):F, = XVF, +YF, =(0.56)(9)(9+(1.2( 2= 534k Ans
Fe > F; SO usd-..

(b) Solve Eq. (11-10) foxp.

Xp
a; Fp

[&T[xﬁ(e—xo)(l—ao)“]

Xy :[%j [0.02+(4.459- 0.0f 2 0.98*]
1

- ny(60) (400(69
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11-22 F, =8kN, R=0.9, L, = 18 re

L 1a 16 13
Eqg. (11-3): C.=F,| =X~ =8 — =80 kN
a. ( ) 10 D(LRJ (1()6)

From Table 11-2, select the 85 mm bordns.

11-23 F, =8kN, F,=2kN, V=1, R= 0.9
Use the Weibull parameters for Manufacturer 2al€ 11-6.

L, _1000q( 409( 69

=240

D
° L, 10°

First guess: Choose from middle of Table 11X15 0.56,Y = 1.63

Eq. (11-12): F,=0.56(1)(9+ 1.68 2= 7.74 K

Fe < F, so just usé&, as the design load.

/a
% }
X +(0-%)(1-R)"
1/3

240
C,=(1)(8 =82.5 kN
o =0 )[o.oz+(4.459 0.0f % 0.9)51"‘83}

From Table 11-2, try 85 mm bore with, = 83.2 kN,Cp = 53.0 kKN
Iterate the previous process:

Eq. (11-10): C,=a, F{

F./Cy=2/53=0.038
Table 11-1: 0.2Z2e< 0.24

B 2 _p255e
VF.  1(8)

Interpolate Table 11-1 with, / Co = 0.038 to obtaiX; = 0.56 andr, = 1.89.

Eq. (11-12): F, =0.56(1)8+ 1.89(2F 8.26 F,
1/3

240
Eq. (11-10): C,=(1)(8.2 =85.2 kN
0=(1)(829 0.02+(4.459- 0.0% ¢ 0.94"**
Table 11-2:  Move up to the 90 mm bore wWitty = 95.6 kN,Cop = 62.0 kN.
Iterate again:
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FalCo=2/62=0.032

Table 11-1: Again, 0.22e< 0.24

- 2 z0255e
VF.  1(8)

Interpolate Table 11-1 witlir, / Co = 0.032 to obtaitX; = 0.56 andr, = 1.95.

Eq. (11-12): F. =0.56(1)8+ 1.95(2F 8.38 F,
1/3

240
Eg. (11-10): C,=(1)(8.38 002+ (4459 00K 2 0" =86.4 kN

The 90 mm bore is acceptabléns.

11-24 F =8 kN,F, =3 kN,V = 1.2R= 0.9,, = 10 re
First guess: Choose from middle of Table 11X15 0.56,Y = 1.63

Eg. (11-12): F,=0.56(1.3( §+ 1.68 p= 10.3k
F>F

L l/a 108 1/3
Eqg. (11-3): C,=F,|—=2| =10.3=—| =47.8kN
cars orb] 0f )

From Table 11-2, try 60 mm with;o = 47.5 kKN,Cp = 28.0 kN
Iterate the previous process:

Fal/Co=3/28=0.107

Table 11-1: 0.2&8 e< 0.30

B 3 _p313se
VF.  1.2(§

Interpolate Table 11-1 with, / Co = 0.107 to obtaiX; = 0.56 andy, = 1.46

Eq. (11-12): F,=0.56(1.9( §+ 1.46 B= 9.76 kNF.

108 1/3
Eq. (11-3): C10:9.76(ﬁj = 45.3 kN

From Table 11-2, we have converged on the 60 narifge  Ans.

11-25 F =10kN, F,=5kN, V=1, R= 0.9
Use the Weibull parameters for Manufacturer 2 abl€ 11-6.
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L, _12000q 309( 6]

o
L. 10°

Xp = =216

First guess: Choose from middle of Table 11X15 0.56,Y = 1.63
Eq. (11-12): F,=0.56(1)(1Q+ 1.68 b= 13.75k
Fe > F;, SO usd- as the design load.

Xp

Xo+(0—xo)(1—RD)”b}

Eqg. (11-10): C,=aF, {

216
0.02+( 4.459- 0.0f ¢ 0.95"

13
} =97.4 kN

Cy, = (1)(13.75){

From Table 11-2, try 95 mm bore witho = 108 kN,Cy = 69.5 kN
Iterate the previous process:

Fa/Cp=5/69.5=0.072

Table 11-1: 0.2&e< 0.28

Fa-_> - 0.5>e
VF,  1(10)

Interpolate Table 11-1 with, / Co = 0.072 to obtaiX; = 0.56 andy, = 1.62”3 1.63

Since this is where we started, we will convergeldto the same bearing. The 95 mm
bore meets the requiremengmns.

11-26 F, =9kN, F,=3kN, V=12, R= 0.9
Use the Weibull parameters for Manufacturer 2 ail€ 11-6.

First guess: Choose from middle of Table 11X15 0.56,Y = 1.63
Eqg. (11-12): F,=0.56(1.9( 9+ 1.68 B= 10.9k

Fe > F;, SO usd-. as the design load.
XD

Xo+(0—xo)(1—RD)”b}

Eq. (11-10): C,=aF, {
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1/3

100
C, =(1)(20.9 =83.9 kN
0 =(1)(109 0.02+(4.459- 0.0 ¢ 0.98"*

From Table 11-2, try 90 mm bore wio = 95.6 KN,Co = 62.0 kN. Try this bearing.
Iterate the previous process:

Fal/Co=3/62=0.048

Table 11-1: 0.24e< 0.26

fa- 3 -o21ese
VF, 1.2(9

Interpolate Table 11-1 with, / C; = 0.048 to obtailX; = 0.56 andvr, = 1.79

Eq. (11-12): F,=0.56(1.9( 9+ 1.7¢ B= 114kNF

C, = x483.9= 87.7 kA
10.9

From Table 11-2, this converges back to the sagaeiiy. The 90 mm bore meets the
requirements. Ans.

11-27 (a) n, =1200 rev/minL, = 15 khR= 0.9%, = 1
From Prob. 3-7Rc, = 183.1 Ibf,Rc, = —861.5 Ibf.

R, =F,=[183.8+(-861F ] = 881l

L, _ 15000 1200( 6)):1080

=)
° L, 10°
) 1080

0.02+ 4.43¢ + 0.9p"*
=12800 Ibf=12.8 kips Ans

1/3

Eqg. (11-10): C,=1.2(88

(b) Results will vary depending on the specific beanmanufacturer selected. A general
engineering components search site such as wwhalgjoec.com might be useful as
a starting point.

11-28 (a) n, =1200 rev/minL, = 15 khR= 0.9%, = 1
From Prob. 3-72Roy = —208.5 Ibf R, = 259.3 Ibf.

R. =F, :[259.32 +(— 208.;*(:2}1/2 = 3331b
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L, _15000 1200( 6

D
° L, 10°

=1080

1/3

1080
0.02+ 443§ + 0.9p

=4837 Ibf= 4.84 kips Ans

(b) Results will vary depending on the specific beanmanufacturer selected. A general
engineering components search site such as wwhalgjoec.com might be useful as
a starting point.

Eq. (11-10): C,=1.2(333

11-29 (a) n, =900 rev/minlL, = 12 khR= 0.9&, = 1
From Prob. 3-73Rcy = 8.319 kNRc, = —10.830 kN.

R =F =[8.3192 +(- 10.839)1”2 = 13.7 K
L, _ 12000 909( 69):648

b
L. 10°

Xy =

1/3

648
Eq. (11-10): C,, =1.2(13. = 204 kKN Ans
0 =1.2(13. 0.02+ 4.43¢ + 0.98"*
(b) Results will vary depending on the specific beanmanufacturer selected. A general
engineering components search site such as wwhalgjoec.com might be useful as
a starting point.

11-30 (a) n, =900 rev/iminlL, = 12 khR= 0.9&, = 1
From Prob. 3-73Ro, = 5083 N,Ro, = 494 N.

1/2
R. =F, =(5083 + 494) " = 5106 N 5.1kl
. =l _1200q 909( 69):648

°L, 10°
1/3
648
0.02+ 4.43¢ + 0.98

(b) Results will vary depending on the specific beanmanufacturer selected. A general
engineering components search site such as wwhalgjoec.com might be useful as
a starting point.

= 76.1 kN Ans

Eq. (11-10):C,, :1.2(5.3){

- .
11-31 Assume concentrated forces as shown. A/”
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P, =8(28) = 224 Ibf

P, =8(35) = 280 Ibf

T =224( 2) = 448 Ibflir
2T*=-448+1.% cos20=

F=_ 28  _318 b
1.5(0.94Q

SM§=5.7%,+ 11.R} - 14.26 sin26-
575280+ 11.8 - 14.25 3} 0.3j2

R) =-5.24 Ibf

M =-5.7%, - 11.R; - 14.26 C0s 26

-5.75(224- 11.8; - 14.25 3} 0.948
R:=-4821bf; R, =[(- 487 +(- 5.2)&}”2 - 4821t
SF*=R;+P,+R;+Fcos20= (

Rj +224- 482+ 31§ 0.940=

R =-40.9 Ibf
SFY=R}+P,+R{~-Fsin20 = 0
Ry +280- 5.24- 31§ 0.34p=

Ry =-166 Ibf

R, :[(—40.9)2 +(—1662T/2 = 1711b

So the reaction & governs.
Reliability Goal:+/0.92= 0.9¢

F, =1.2(4823 = 578 Ibf
X, =35000 350( 60 /10= 73

1/3
735
Cio =57
? 8{0.02+(4.45s+ 0.0f If 1/0.98" "
= 6431 Ibf= 28.6 kN

From Table 11-2, a 40 mm bore angular contactihgas sufficient with a rating of
31.9 kN. Ans.
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11-32 For a combined reliability goal of 0.95, u$@.95= 0.97*for the individual bearings.

X = 40000 420( 69):1008
10°

The resultants of the given forces are

Ro = [(-387f + 467]*% = 607 Ibf
Rs = [316 + (-16157]*% = 1646 Ibf

At O:

1/3
1008
Eq. (11-9): C,=1.2(60
0 =12 7){0.02+(4.459y 0.0f If 1/0.975”1'483}

=9978 Ibf= 44.4 kM

From Table 11-2, select an 02-55 mm angular-coi@tbearing with a basic load
rating of 46.2 kN. Ans.

At B:

3/10
1008
Eq. (11-9): C,=1.2( 1646){ /1.483}

0.02+( 4.459- 0.0 Ifi 1/0.99%
=20827 lbf= 92.7 kN

From Table 11-3, select an 02-75 mm or 03-55 mindrycal roller. Ans.

11-33 The reliability of the individual

bearings isR=+/0.98= 0.989¢
From statics,
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T = (270-50) = P1 - P»)125
= (P, - 0.15P,)125

P, = 310.6 N,

P, = 0.15 (310.6) = 46.6 N

P1+P>=357.2N F) =357.2sin45= 252.6 N F;

> Mg =850R! + 300(252.6F 0= R! =~ 89.2

> FY=2526-89.2+Ry= 0= R} =- 1634

D> Mg = -850RZ - 700(320) 300(252.65 € R =- 1744
D> F?=-174.4+ 320~ 252.6 R} = 0G> R; = 107

R, = (-163.4° + 107 = 195 N

Re = \/(—89.2)2 +(-174.4" = 1961

The radial loads are nearly the sam® andE. We can use the same bearing at both
locations.

. = 60000 1509( 6D

=5400
° 10°

1/3

Eq. (11-9): C, =1(0.199 5400 = 5.7kN

0.02+ 4.439 Irf 1/0.9899" "

From Table 11-2, select an 02-12 mm deep-groolldearing with a basic load rating
of 6.89 kN. Ans.

11-34 R=+0.96= 0.98(
T =12(240cos20 ¥ 2706 I |

2706
6co0s 25

=498 Ibf

In xy-plane:
IMS =-16(82.1- 30(210y 4R =
RY =181 Ibf
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Ry =82.1+ 210- 18F 111.11k
In xz-plane:

>MJ =16(226)- 30(451) 4R: =

R =-236 Ibf

R =226- 451 236= 111b

1/2

R, =(111.2+ 1%) " = 112 Ibf Ans

R. =(18F + 236)" = 297 Ibf Ans

X = 50000( 309( 69 _ 900
10°

(c10)0=1-z(113{ s }

0.02+ 4.439 I{ 1/0.980
=1860 Ibf= 8.28 kN

(Cu)e =1.2( zw){ i }

0.02+ 4.439 Irf 1/0.987
= 4932 Ibf= 21.9 kN

Bearing aO: Choose a deep-groove 02-17 mmAns.
Bearing aC: Choose a deep-groove 02-35 mmAns.

11-35

Shafts subjected to thrust can be constrained agrgs, one of which supports the
thrust. The shaft floats within the endplay of seeond (roller) bearing. Since the thrust
force here is larger than any radial load, theibgaabsorbing the thrust (beariAjis
heavily loaded compared to bearidgBearingB is thus likely to be oversized and may
not contribute measurably to the chance of faillfrthis is the case, we may be able to
obtain the desired combined reliability with begrfhaving a reliability near 0.99 and
bearingB having a reliability near 1. This would allow floearingA to have a lower

capacity than if it needed to achieve a reliabihty/0.99. To determine if this is the
case, we will start with bearir

Bearing B (straight roller bearing)

. = 30000 509( 69):900
10°

F, =(36°+67)" = 76.11bf= 0.330 kI
Try a reliability of 1 to see if it is readily adohable with the available bearings.
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3/10

Eq. (11-9): C,=1.2(0.339 900 = 10.1 k!

0.02+ 4.439 I 1/1.p]"*”

The smallest capacity bearing from Table 11-3shested capacity of 16.8 kN.
Therefore, we select the 02-25 mm straight cylcalnoller bearing. Ans.

Bearing at A (angular-contact ball)
With a reliability of 1 for bearin@, we can achieve the combined reliability goal &R0
if bearingA has a reliability of 0.99.

F, =(36°+217)" = 215 Ibf= 0.957 ki
F, =555 Ibf = 2.47 kN

Trial #1:
Tentatively select an 02-85 mm angular-contadh @i, = 90.4 kN andCy = 63.0 kN.
R_247_ 0.039z
C, 63.0
3000Q 500( 6
23000500
10°

Table 11-1: Interpolatings, = 0.56,Y, = 1.88

Eq. (11-12): F,=0.56(0.95)+ 1.88 2.47%= 5.18k
13

900
0.02+ 4.439 I 1/0.99 "
=99.54 KN> 90.4 kN

Eq. (11-9): C,=1.2(5.19

Trial #2:
Tentatively select a 02-90 mm angular-contact\wah C;o = 106 kN andCp = 73.5 kN.

52247 0336
C, 735

Table 11-1: Interpolatings; = 0.56, Y, = 1.93

F,=0.56(0.95]+ 1.9 2.4= 5.30 k
1/3

Co=12(53 900 = 102kN <106 kN O.|

0.02+ 4.439 If 1/0.99 "
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Select an 02-90 mm angular-contact ball bearingns.

11-36 We have some data. Let’s estimate paramétarsld from it. In Fig. 11-5, we will use
line AB. In this caseB is to the right ofA.

ForF = 18 kN, (x),= L 21002()( 6()):13.8

This establishes point 1 on tRe= 0.90 line.

log F F
2 100

—_—_———————— e g

on
[ 2]

B
/2

]
10 100 *
0 1 2 logx

TheR = 0.20 locus is above and parallel to e 0.90 locus. For the two-parameter
Weibull distribution xo = 0 and point#\ andB are related by [see Eq. (11-8)]:

X, =6[In(1/0.99]" (1)
X, =6[In(1/0.29]"
andxg/xa is in the same ratio as 600/115. Eliminatihg

oo In[In(1/0.20) /In(1/0.99]

=1.65 An
In(600/119 >

Solving foré@ in Eqg. (1),

Xa 1

0= = =391 Ans.
[In (1/ RA):|1/1.65 I:ln(]_/ 0'9()]1/1.65 S
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Therefore, for the data at hand,

ool (5ol |

CheckR at pointB: xg = (600/115) = 5.217

1.65
Ree (527" |- 0

Note also, for point 2 on tie= 0.20 line,

log(5.217 - lod 1= logx,),~ log 13f
(%), =72

11-37 This problem is rich in useful variations. Herer.

Decision: Make straight roller bearings identical on a giwhaft. Use a reliability goal of
(0.99)° = 0.9983.

Shaft a
Fi=(23¢+112)" = 264 Ibf= 1.175k

Fe =(502+1078)" = 1186 Ibt 5.28k

Thus the bearing & controls.

_1000Q 1200( 6
" 10
0.02+ 4.439 If 1/0.9983 "= 0.080:

=720

0.3
720
010:1.2(5.23(0.08026j = 97.2kM

Select an 02-80 mm wiii;o = 106 kN. Ans.
Shaft b

Fi =(874+2274) = 2436 1bf or 10.841
Fy=(398+657) = 766 Ibf or 3.41k

The bearing at controls.
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X = 10000 249( 69 _ 144
10°

0.3
C10:1.2(1o.8z)( 144 FJ = 123 kI

0.080 2

Select an 02-90 mm wiiB;0 = 142 kN. Ans.

Shaft c
Fi =(1113 + 2388) "= 26321bf or 11711

1/2

Fr=(417+8938) = 987 Ibf or 4.39k

The bearing &E controls.

X _1000q 8J( 6()):48
10°

Cyo :1.2(11.7;[

0.3
48 = 95.7 kt
0.08026

Select an 02-80 mm wiii;o = 106 kN. Ans.

11-38 Express Eq. (11-1) as
F°L, =CiL,,=K
For a ball bearinga = 3 and for an 02-30 mm angular contact beafig= 20.3 kN.
K =(20.9°(16) = 8.366 19

At a load of 18 kN, lifd_; is given by:

For a load of 30 kN, lifé&, is:

_ 8.365 16)

L, = =0.310( 16) re

In this case, Eq. (6-57) — the Palmgren-Miner eyeltio summation rule — can be
expressed as
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l, |

L L
Substituting,

200000 . I, _,
1.43416) 0.310 19
,=0.26716) rev Ans

11-39 Total lifein revolutions
Let:
| = total turns
f; = fraction of turns aff;
f, = fraction of turns af,
From the solution of Prob. 11-38, = 1.434(16) rev andL, = 0.310(16) rev.

Palmgren-Miner rule:

from which

|l=— =
fIL+1,/L,
_ 1

| {o40{1.43¢ 16) | +{ 0/ 0.3{0 1]

=451585rev Ans .

Total life in loading cycles
4 min at 2000 rev/min = 8000 rev/cycle
6 min at 2000 rev/min = 12 000 rev/cycle

Total rev/cycle = 8000 + 12 000 = 20 000

451585rev =22.58 cycles Ans
20000 rev/cycle
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Total lifein hours

10.min (22.58 (?yclej _376h Ans
cycle 60 min/h

11-40 F., =560 Ibf
F, =1095 Ibf
F,. =200 Ibf
L, _4000q 400( 6]
Ly 90(16)
R=1/0.90= 0.94¢

XD = =10.67

_0.47, _0.47(56Q _
K, 15
_0.47F, _0.47(109%
K, 15
Fa<?2(Fs +F,)

175.5 Ibf<(343.% 20p= 543.11bf, so Eq. (11-EPplies

175.5 Ibf

Eq. (11-18): F,

Eq. (11-18): F, =343.1 Ibf

We will size bearindB first since its induced load will affect beariAgbut is not itself
affected by the induced load from beark{see Eq. (11-19)].

From Eq. (11-18), Feg = Fyg = 1095 Ibf,

10.67
4.48(1- 0.94Y

3/10
Eg. (11-10): FRB:1.4(1095)[ ”'SJ = 3607 Ib Ans,

Select cone 32305, cup 32305, with 0.9843 in kard,rated at 3910 Ibf with
K=1.95. Ans

With bearingB selected, we re-evaluate the induced load fromifigBrusing the actual
value forK.

0.47(109
Eq. (11-18) F, =24 - 047(1099 o o s
K, 1.95

Find the equivalent radial load for bearidgrom Eq. (11-19), which still applies.

Eq. (11-19): F, =0.4F, +K,(Fs+F,)
F,.=0.4(560+ 1.% 263.9 20G= 920 |
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Fer > Fia

10.67
4.48( 1~ 0.94

3/10
Eq. (11-10): FRA=1.4(92()£ ,1.5} = 3030 Ibf

Tentatively select cone M86643, cup M86610, with hore, and rated at 3250 Ibf
with K = 1.07. lterating with the new value fidr we getFes = 702 Ibf andF 5 = 2312
Ibf. Ans.

By using a bearing with a low&, the rated load decreased significantly, providing
higher than requested reliability. Further examarawith different combinations of
bearing choices could yield additional acceptablatgns.

11-41

The thrust load on shd@D is from the axial component of the force transmditierough
the bevel gear, and is directed toward bea@in@y observation of Fig. 11-14, direct
mounted bearings would allow beari@do carry the thrust load. Ans.

From the solution to Prob. 3-74, the axial thtaatl isF, = 362.8 Ibf, and the bearing
radial forces ar&c, = 287.2 Ibf, Fc, = 500.9 Ibf, Fpx = 194.4 |bf, andFp, = 307.1 Ibf.
Thus, the radial forces are

F.=+287.2+5008= 577 Ib

F, =v194.4 + 307.1= 363 1Ib

The induced loads are
_0.47F, _0.47(577

Eq. (11-18): F, =181 Ibf
KC
0.47( 36
Eq. (11-18): F, = o":zFfD = 1(5 :):114 Iof

D
Check the condition on whether to apply Eq. (114r9%Eq. (11-20), where bearings
andD are substituted, respectively, for lab&landB in the equations.

Fcs?2Fp+F,

181 Ibf <114+ 362.8& 476.8 Ibf, so Eq.(11-19) app

Eq. (11-19): F. =0.4F.+K.(F, +F,)
=0.4(577)+ 1.5 114 362)8 946 Ibf F,  so U&g

Assume for tapered roller bearings that the smatibns for Manufacturer 1 in Table 11-
6 are applicable.
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—

o 10

L, 90(10)
R=+/0.90= 0.94¢

X, = =1.11

é‘
(o]
o

111
4.48(1- 0.94Y
Eq. (11-1®): F, =F, =363 Ibf

3/10
Eq. (11-10); FRC:1(946)[ ”‘E’J = 1130 Ibf Ans

3/10
1.11
Eq. (11-10): F,, =1(36 = 433 Ibf Ans
o = g{4.48(1— 0.9491’1'5J

11-42 The thrust load on shafB is from the axial component of the force transmditterough
the bevel gear, and is directed to the right. Bsesvation of Fig. 11-14, indirect
mounted bearings would allow beariAdo carry the thrust load. Ans.

From the solution to Prob. 3-76, the axial thhestd isF, = 92.8 Ibf, and the bearing
radial forces ar&ay, = 639.4 Ibf, Fa, = 1513.7 Ibf, Fgy = 276.6 Ibf, andFg, = 705.7 Ibf.
Thus, the radial forces are

F,=+639.4+1513.7= 1643 It
F,=+276.6+ 705.7= 758 Ib

The induced loads are
_0.47F, _0.47(1643 _

Eqg. (11-18): F, = 515 Ibf
q ( ) iA KA 15
0.47( 75
Eq. (11-18): F, = 047, _ 0-47(759 =238 Ibf
Kg 1.5

Check the condition on whether to apply Eq. (114r9%Eq. (11-20).

Fas?2Fg+F,

515 Ibf > 238+ 92.8 330.8 Ibf, so Eq.(11-20) ags

Notice that the induced load from bearig sufficiently large to cause a net axial force
to the left, which must be supported by beaBng

Eq. (11-2@): FeB=O.4FrB+KB(FiA—F )

ae

=0.4(759+ 1.4 515 92)8= 937 Iot F, so Usg

Assume for tapered roller bearings that the spatibns for Manufacturer 1 in Table
11-6 are applicable.

Shigley's MED, 18 edition Chapter 11 Solutions, Page 25/28



R=+/0.90= 0.94¢
5.56

o :1(937)[4.48( 1- 0.949

F, =F, =1643 Ibf

Foa = 1(1643(

Eq. (11-10):

Eq. (11-19):

5.56
4.48(1- 0.94

Eqg. (11-10):

3/10
MJ = 1810 Ibf Ans

3/10
,15} = 3180 Ibf Ans

11-43 The lower bearing is compressed by the axial Ieadt is designated as beariAg

F, =25kN
Fo,=12 kN
F..=5kN
0.47( 2
Eq. (11-18): F, =24 - (29 _ 7.83 kN
K, 5
0.47(1
Eq. (11-18): F,=24Ms - (12 =3.76 kN
K, 15

Check the condition on whether to apply Eq. (11-dr9%q. (11-20)

Fas?2Fg+F,

7.83 kN< 3.76+ 5 8.76 kN, so Eq.(11-19) app!

Eq. (11-19): F,, =0.4F, +K,(Fs +F,)

=0.4(29+ 1.5 3.76 b= 23.1kN F,

so use

L, =(250 rev/mir)(60 mlnj( 8 hrj( 5§e
w

hr day

:156(1(?) rev

3( 52 weeji5 9

yr

Assume for tapered roller bearings that the spatibns for Manufacturer 1 in Table

11-6 are applicable.

Eqg. (11-3): FRA:afFD{%} :1.2(25’[156(1(?)

90(10)

R

Eq. (11-19): F,=F, =12 kN

Shigley's MED, 18 edition
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156 3/10
Eqg. (11-3): FRB:1.2(12){%} =17.0kN Ans

11-44 The left bearing is compressed by the axial loadt s properly designated as bearig

F., =875 Iof
F., =625 Ibf
F. =250 Ibf

AssumeK = 1.5 for each bearing for the first iterationbt@n the induced loads.

_047F, _ 0.47(879

Eqg. (11-18): F, = =274 Ibf
a. ( ) iA K, 15
0.47( 62
Eq. (11-18): F, =24 - (629 _ 106 1t
K, 15

Check the condition on whether to apply Eq. (11-dr9%q. (11-20).

Fas?2Fg+F,
274 Ibf <196+ 250 Ibf, so Eq.(11-19) appli

We will size bearingB first since its induced load will affect beariAgbut it is not
affected by the induced load from beari{see Eq. (11-19)].

From Eq. (11-18), Fes = Frg = 625 Ibf.

N i i 3/10 _ 90 00(( 15()( 6 e

Fop =1208 Ibf

Select cone 07100, cup 07196, with 1 in bore,ratet at 1570 Ibf withkk = 1.45. Ans.

With bearingB selected, we re-evaluate the induced load fromifigBrusing the actual

value forK.
0.47( 62
Eq. (11-18) F, =24 - 047(629 o
K, 1.45

Find the equivalent radial load for bearidgrom Eq. (11-19), which still applies.
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Eq. (11-19): F,=0.4F,+K,(F;+F,)
=0.4(879+ 1.% 203 250= 1030 |

FeA > |:rA
3/10 3/10
L 90 00q( 15Q( 6]
Eg. (11-3):  Fe=aF —D} =1(103
q ra — A p [ L, ( 9[ 90( 103)
Fra =1990 Ibf

Any of the bearings with 1-1/8 in bore are morantladequate. Select cone 15590, cup
15520, rated at 2480 Ibf witk = 1.69. Iterating with the new value fidr we getFea =
1120 Ibf and~a = 2160 Ibf. The selected bearing is still adegquans.
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