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Chapter 1

Problems 1-1 through 1-6 are for student research. No standard solutions are provided.

1-7  From Fig. 1-2, cost of grinding to £ 0.0005 in is 270%. Cost of turning to + 0.003 in is
60%.
Relative cost of grinding vs. turning = 270/60 = 4.5 times Ans.

1-8 C4= (s,
10+0.8 P=60+0.8 P—0.005 P?

P?=50/0.005 =  P=100parts Ans.

1-9
With Eq. (1-2), let us achieve a factor of safety of unity under the worst case scenario
with the minimum strength of 0.85S, the highest load of 1.1P, and the smallest diameter

of 0.954.
- 0.858
"= T 1P) /[1(0.95d)% /4]
S 1.1

1.43

P/(nd2/4) 0.85(6.95)2 -

Comparing this equation to Eq. (1-2), we see that this is the required design factor using
the nominal values of strength, load, and diameter. That is, using Eq. (1-2) with nominal
values,

ng 1.43 Ans.

" P/(md?/4)

1-10 (a) X7 +Xa:
x+x,=X,+e+X,+e,

error =e=(x,+x,)— (X, +X,)
=e +e, Ans.
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(b) X1 —Xa:
x—x, =X +e—(X,+e,)
e=(x,—x,)—(X,—X,)=¢—e, Ans.
() X1 Xa:
xlxzz(X1+el)(X2+ez)

e=xx,-XX,=Xe, +X,e +ee,

~Xe +X,e = XX, (% + e_zj Ans.

1 2
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(d) Xi/Xz:
x, X +e X [l+¢/X,
x, X,+e, X,(l+e/X,
-1

[He_zJ “1- then [ﬂj(l_][l_jl__

X, X, 1+ez/X2 X, X, X, X,

X X
Thus, e=-—1t-—1~=—1L 4 _ 5 Ans
'x2 X2 XZ Xl X2

1-11 (a)  xi=+7 =2.645751311 1
X1=2.64 (3 correct digits)

x2= /8 =2.828 4271247
X2=2.82 (3 correct digits)
x1+x2=5474 178 435 8
e1=x1— X1=0.0057513111
ex=x2— X>=0.008 427 124 7
e=e +e=0.014178 4358
Sum=x;1+x2=X1+X>+e
=2.64+282+0.014 1784358 =5.474178 4358  Checks
(b) X1=2.65, X2 =2.83 (3 digit significant numbers)
e1=x1— X1=-0.004 248 688 9
e2=x2— X2=-0.001 5728753
e=e1te=—0.005 821 564 2
Sum=x1+x=X1+Xz2+e
=2.65+2.83 -0.001 572 8753 =5.474178 4358  Checks

3
s 32(1000) _ 25(10°)

1-12 o=— 3 = d=1.006 in Ans.
n, wd 2.5
Table A-17: d=1;in Ans.
s 25(10%)
Factor of safety: n=—=——=4779 Ans.
o 32 (1 OOO)
z(1 .25)3
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1-13 (a)

X f fx fx?

60 2 120 7200

70 1 70 4900

80 3 240 19200

90 5 450 40500

100 8 800 80000

110 12 1320 145200

120 6 720 86400

130 10 1300 169000

140 8 1120 156800
150 5 750 112500
160 2 320 51200
170 3 510 86700
180 2 360 64800
190 1 190 36100
200 0 0 0
210 1 210 44100

) 69 8480 1104 600

1 & 4
= 8480 =122.9 kcycles

Eq. (1-7)

k

x> - Nx’
2 Jxi — NX B {1 104 600 —69(122.9)

— i=1

1/2
} = 30.3 kcycles Ans.

’ N -1 69 -1
b) Eq(1-5) oz, = f o dusmx MSZ1929 060,
o, s, 30.3
Interpolating from Table (A-10)
0.2600 0.3974
0.2607 X = x = 0.3971
0.2700 0.3936
ND(-0.2607) = 69 (0.3971) =27.4~27 Ans.
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From the data, the number of instances less than 115 kcycles is
2+1+3+5+8+12 = 31 (the data is not perfectly normal)

1-14
b f fx fx?
174 6 1044 181656
182 9 1638 298116
190 44 8360 1588400
198 67 13266 2626668
206 53 10918 2249108
214 12 2568 549552
222 6 1332 295704
) 197 39126 7789204
Eq. (1-6) X = %if,x = 39126 =198.61 kpsi
i=1

k

Eq. (1-7) s =4[

* N -1

> fxI-Nx ,
_{7 789 204 -197(198.61)

197 -1

12
} =9.68 kpsi  Ans.

1-15 L =122.9 kcycles and s, = 30.3 kcycles

X=X, -L _ X -122.9

Eq. (1-5) Zyy = - =

A

Thus, x10=122.9+30.3 z10=L1o
From Table A-10, for 10 percent failure, zio = —1.282. Thus,

Lio=122.9 +30.3(-1.282) = 84.1 kcycles

S

L

Ans.
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1-16

x __f P fi?
93 19 1767 164331
95 25 2375 225625
97 38 3686 357542
99 17 1683 166617
101 12 1212 122412
103 10 1030 106090
105 5 525 55125
107 4 428 45796
109 4 436 47524
111 2 222 24642
X 136 13364 1315704

Eq. (1-6) ¥=— fx =13364/136 = 9826471 =98.26 kpsi

i=1

k

2 =2
Zfl.xl. -NX
i=1

Eq. (1-7) s, =\4 Y] :[

1315 704 —136(98.26471)’
136 -1

12
] =4.30 kpsi

Note, for accuracy in the calculation given above, X needs to be of more significant
figures than the rounded value.

For a normal distribution, from Eq. (1-5), and a yield strength exceeded by 99 percent
(R=10.99, pr=10.01),

XM Xy =X Xy — 9826
o 5 s 4.30

X X

Solving for the yield strength gives

Z

x0.01 = 98.26 +4.30 zo.01

From Table A-10, zo.01 =—2.326. Thus

X001 = 98.26 + 4.30(~ 2.326) = 88.3 kpsi  Ans.

1-17 Eq. (1-9): R :HRi =0.98(0.96)0.94 = 0.88

i=1
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Overall reliability = 88 percent Ans.

1-18 Obtain the coefficients of variance for strength and stress
Gy, 235

C, = —= = = 0.07532
5, 312
c =% 9% _ 1% _ (00667

T 1500
For R =0.99, from Table A-10, z =— 2.326.

Eq. (1-12):

B 1+\/1 2¢2)(1 - 23¢?)
n
1- 22C2

1+ \/1 - 1= (-2326)" (0.07532)" || 1 - (-2.326)*(0.09667)’|

2 3 =1.3229=1.32 Ans.
1- (—2.326) (0.07532)

From the given equation for stress,

S, 16T

e n zd’

Solving for d gives

_ 1/3 1/3
g [t} _ 16(1500)1.3%29 00319 m = 31.9 mm  Ans.
7S, 7(312)10

1-19  Obtain the coefficients of variance for stress and strength

c =% % _ 3 _ 093
M, P
5, Os 6.59
;=28 = 2 2227 _ 006901
7R S, 95.5
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(a) nm=12
Eq (1-11): z=-—ta=1 __ 12 -1 = —1.6127
\/ﬁjCSZ + C? \/1.22 (0.06901%) + 0.092317
Interpolating Table A-10,
1.61 0.0537
1.6127 @ =  ®=0.0534
1.62 0.0526
R=1-0.0534=0.9466 Ans.
S S d’s P 4(65)1.2
n=—=—=——> _ TS g A (65) =1.020 in Ans.
c P/(xd” /4 4P 7S, 7[(95.5)
b) n=15
z=-— 151 = -3.605
\/1.52 (0.06901%) + 0.092317
3.6 0.000159
3.605 @ =  ®=0.00015645
3.7 0.000108
R=1-0.00015645 = 0.9998 Ans.
P 4(65)1.5
g |41 [AOLS o s
7rSy 7z(95.5)
1-20 H, =G, =0,+0G,=90+383 =473 MPa
From footnote 5 of text,
R A2 ~2 \/? 2 2N1/2
6, =(62 +62) =@®4+223")" = 2383 MPa
C, = Zom = T o B8 _ 050
" /Llo'ma O-max 473
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Os Oy 427

CS = L = T‘ = —— = 00772
toopg S, 553
S
p 2 239 10602117 Ans.
G 473
Eq. (1-11): 7, 1 1169 -1 = -1.635

T JiC+ C? - \/1.1692(0.07722) +0.0504

From Table A-10, ®(-1.635)=0.05105

R=1-0.05105=0.94895 = 94.9 percent  Ans.

1-21 a=1.500+0.001 in
b=2.000 £ 0.003 in
¢ =3.000 £ 0.004 in
d=6.520+0.010 in

(a) W=d-a-b-c=6520-15-2-3=0.020in
t, = t,=0.001+0.003 +0.004 +0.010 = 0.018
w=0.020 £ 0.018 in Ans.

(b) From part (a), wmin = 0.002 in. Thus, must add 0.008 in to & . Therefore,

d =6.520 + 0.008 = 6.528 in Ans.

1-22 V=xyz,andx=atAa,y=btAb,z=ctAc,

V =abc

V=(atAa)(b+Ab)(ctAc)
=abc tbcAa * acAb =+ abAc+ aAbAc +bAcAa + cAaAb+ AaAbAc

The higher order terms in A are negligible. Thus,
AV = bcAa+ acAb+ abAc

AV bcAa+acAb+abAc Aa Ab Ac Aa Ab Ac
anda — & =_+_+_:T+T+TAI’!S.
|14 abc a b c a b c

Shigley’s MED, 2024 Release Chapter 1 Solutions, Page 9/12

© MCGRAW HILL LLC. ALL RIGHTS RESERVED. NO REPRODUCTION OR DISTRIBUTION WITHOUT
THE PRIOR WRITTEN CONSENT OF MCGRAW HILL LLC.



vozhaco.ir 51359 39 Jol5 aglils

For the numerical values given, ¥ =1.500(1.875)3.000 =8.4375 in’

AV 0.002 0.003 0.004
— =~ + +

— & =0.004267 = AV = 0.004267(8.4375) =0.0360 in’
V- 1.500 1.875 3.000

V =8.4375+0.0360 in® Ans.

) ) 8.4735 | ) 8.473551...
This answer yields V' = in, whereas, exactis V = in
8.4015 8.401551..
1-23
Pin, a
Woax = 0.05 in, wmin = 0.004 in G < o lll{_' b
ap, w levis, ¢ ing,
== 0.05 +20.004 _0.027 in

Thus, A w = 0.05 — 0.027 = 0.023 in, and then, w = 0.027 + 0.023 in.
W=a-b-c
0.027=a-0.042-1.5
a=1569 in

to= Yt = 0.023=1,+0.002+0.005 = 1,=0.016in

Thus, a =1.569£0.016 in Ans.

1-24 D, =D,+2d =3.734+2(0.139)=4.012 in
t, = t,=0.028+2(0.004)=0.036 in

D,=4.012 £0.036 in Ans.

1-25 From O-Rings, Inc. (oringsusa.com), D; =9.19 £ 0.13 mm, d =2.62 £ 0.08 mm
D,=D,+2d =9.19+2(2.62)=14.43 mm
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ty, =Y 1y =0.13+2(0.08)=0.29 mm

D,=14.43 +0.29 mm Ans.

1-26 From O-Rings, Inc. (oringsusa.com), D;=34.52 + 0.30 mm, d =3.53 £ 0.10 mm

D, =D,+2d =34.52+2(3.53)=41.58 mm
tp, =Dty =0.30+2(0.10)=0.50 mm

D, =41.58 £0.50 mm Ans.

1-27 From O-Rings, Inc. (oringsusa.com), D;=5.237 £0.035 in, d=0.103 £ 0.003 in

D, =D, +2d =5.237+2(0.103)=5.443 in
t, =Dty =0.035+2(0.003)=0.041 in

D,=5.443 £0.041 in Ans.

1-28 From O-Rings, Inc. (oringsusa.com), D; =1.100 £ 0.012 in, 4 =0.210 £ 0.005 in

D, =D, +2d =1.100+2(0.210)=1.520 in
t, = D 1y =0.012+2(0.005)=0.022 in

D,=1.520£0.022 in Ans.

1-29 From Table A-2,
(a) o =150/6.89 =21.8 kpsi  Ans.
(b) F=2/4.45=0.449 kip = 449 Ibf Ans.

(¢) M=150/0.113=1330 Ibf-in=1.33kip - in  Ans.
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(d) 4 =1500/25.4>=233in>  Ans.
(e)[=750/2.54*=18.0in*  Ans.
(f) E=145/6.89=21.0 Mpsi  Ans.
(g)v=75/1.61=46.6mi/h  Ans.

(h) V'=1000/946=1.06 gt  Ans.

51359 35 Jol5 aglsls

1-30 From Table A-2,
(a) /=5(0.305)=1.53m Ans.
(b) 0 =90(6.89) =620 MPa  Ans.
(c) p=25(6.89) =172 kPa Ans.
(d) Z=12(16.4) = 197 cm? Ans.
(e) w=0.208(175) =36.4 N/m Ans.
(f) 6 =0.001 89(25.4) = 0.048 0 mm Ans.
(g) v=1200(0.0051) =6.12 m/s Ans.
(h) e=0.002 15(1) = 0.002 15 mm/mm Ans.
(i) V'=1830(25.4°) = 30.0 (10°) mm’ Ans.
1-31
(a) o =M/Z=1770/0.934 = 1895 psi = 1.90 kpsi  Ans.
(b) o =F/4=9440/23.8 =397 psi Ans.
(¢) y =FF3EI=270(31.5)*[3(30)10%0.154)] = 0.609 in  Ans.
(d) 0= TI/GJ =9 740(9.85)/[11.3(10%)(7/32)1.00%] = 8.648(10~%) rad = 4.95°  Ans.
1-32
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(a) o =F /wt = 1000/[25(5)] = 8 MPa Ans.
(b) I=b/12=10(25)%/12 = 13.0(10>) mm*  Ans.
(¢) I =rd"/64 = 7(25.4)%/64 = 20.4(10°) mm*  Ans.

() r=16T/rd*=16(25)10%[x(12.7°] =62.2 MPa  Ans.

1-33
(a) 7=F/4A=2700/[x(0.750)%/4] = 6110 psi=6.11 kpsi  Ans.

(b) o =32Fa/zd>=32(180)31.5/[z (1.25)*] =29 570 psi = 29.6 kpsi  Ans.
(€) Z =r(do* — d*)(32 dy) = #(1.50* — 1.00%)/[32(1.50)] = 0.266 in>  Ans.

(d) k=(d*G)/(8D3 N) = 0.062 5%(11.3)10%[8(0.760)’ 32] = 1.53 Ibflin Ans.
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