Chapter 1

Problemsl-1 throughl-6 are for student research. No standard solutienpravided.

1-7 From Fig. 1-2, cost of grinding t60.0005 in is 270%. Cost of turning+d).003 in is
60%.
Relative cost of grinding vs. turning = 270/604=5 times Ans.

1-8 CA = CB,
10 + 0.8P = 60 + 0.8 — 0.005P 2

P2 =50/0.005 = P = 100 partsAns.

1-9 Max. load =1.1(P
Min. area = (0.93A
Min. strength = 0.8%
To offset the absolute uncertainties, the desagiof, from Eq. (1-1) should be

1.10

ng=————5=143 Ans.
0.85( 0.95)

1-10 (@) X; + Xz
X +X, =X +te+X,te,

error =e=(x +x,) = (X, +X,)

=g +e, Ans.
(b) X1 - X!
X1_X2:X1+e1_(xz+e2)
e=(x-x%,)-(X,-X,)=e,-e, Ans.
(©) X1 X2

XX, :(X1+el)(xz+62)
e=xX~-XX,=Xg,+X g teg,

= X8, + X8, = XX 2(%+i] Ans.

1 2
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(d) Xo/Xo:

111 (@) x=+/7 =2.6457513111

X1 =2.64 (3 correct digits)

Xo = /8 =2.828 427 124 7

X, =2.82 (3 correct digits)

Xy +X,=5.474 178 435 8

e=x— X;=0.0057513111

& =X~ X,=0.008 427 124 7

e=e +6=0.0141784358

Sum=x +x=X;+Xo+e
=2.64+2.82+0.0141784358=5.4784358 _Checks

(b) X1 = 2.65, X, =2.83 (3 digit significant numbers)

e =X, — X;=-0.004 248 688 9

&=X— Xp=-0.0015728753

e=e +e=-0.0058215642

Sum=x; +X% =X+ X, +e
=2.65+2.830.001 572 8753 =5.474178 4358 __ Checks

1-12 o=—

s _ 32(1009 _25(10)

= d=1.006 in Ans.
n, md® 25
Table A-17: d=15in Ans.
Factor of safety: n= S = w =4.79 Ans
4 o 32(1009 '
(1.25°
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1-13 (a)

X f f x 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 1 104 600

k
Eq (1-6) X ==> fx = ——=122.9 kcycles

Eq. (1-7)

k
2 _ N2
. - 2 fix ~ NX _ [1104 600~ 69(122.8

1/2
) = 30.3 kcycles Ans .
N-1 69-1

_ XMy _ Xy~ X _115-122.9_

b Eq. (1-5 = -0.2607
(b) q.(1-5)  zy 5. S 303
Interpolating from Table (A-10)
0.2600 0.3974
0.2607 X = x = 0.3971
0.2700 0.3936

N®(-0.2607) = 69 (0.3971) = 27427 Ans.

From the data, the number of instances lessth&arkcycles is
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2+1+3+5+8+ 12 = 31 (the data is notgmly normal)

1-14
X f f x fx2

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

s 197 39126 7789204

I 39126 .

Eq. (1-6) X = Wzl fx = o7 - 198.61 kpsi

[

> -NX?
i1

N-1

Eq. (1-7) o = {7 789 204 197(198.6

2y’
19— 1 ﬁ =9.68 kpsi Ans .

1-15 L =122.9 keycles ands, = 30.3 kcycles

X— -L -122.9
Eq (1_5) 210 - &ﬂx - X].OS_ - X1030 3

Thus, X10=122.9 + 30.%10=L1o
From Table A-10, for 10 percent failumg = —-1.282. Thus,

L1p=122.9 + 30.31.282) = 84.1 kcycles Ans.
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1-16

X f fx X
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
> 136 13364 1315704

k
Z fx =13364/136= 98.26471=98.26 kpsi

k
> fix-N%?
i=1
N-1

=4.30 kpsi

_(1315 704 136(98.26471)
136- 1

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

For a normal distribution, from Eq. (1-5), angli@ld strength exceeded by 99 percent
(R=0.99,p; = 0.01),
o S, 4.30

Z0.01 =
Solving for the yield strength gives

X~ Hy _ %o~ X _ X~ 98.26

X0.01= 98.26 + 4.3 01

From Table A-10,7 91 =—- 2.326. Thus

Xo0.01= 98.26 + 4.30f 2.326) = 88.3 kpsi Ans.

1-17

Eq. (1-9): R:f]R:09m09®094:038

Overall reliability = 88 percent  Ans.
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1-18 Obtain the coefficients of variance for strengttd stress

ForR=0.99, from Table A-1 = - 2.326.

Eqg. (1-12):

1+ 1 (1- 2°c?)(1- 2C?)
1-2°C

) 1+\/1—[1—(—2.326)2( 00753 | 4(- 2.3) 0.0996]

1-(-2.326°( 0.0753p

n=

=1.3229-1.32 Ans.

From the given equation for stress,

_S, _ler
7T ==
max ﬁ n.cl:’:

Solving ford gives

1/3
Jo £16Tﬁ] _ {16(1500)1.32

/3
b 2 =0.0319 m= 31.9 mmAns .
S, 71(312)16

1-19 Obtain the coefficients of variance for stress stneingth
6, 0, _ 5

c, =% =9% -2 _go9231
M, P
5 6
C, =9 =75 2859 _ 06001
:uS y 9
(@ n=12
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m-1 1.2-1

Eq. (1-11); z=- = - = -1.6127
Jmecz + C? \/1.22(0.06901) + 0.09231
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 md?S P 4(65)1.2
e A TS e T I L (6912 1 500 in Ans.
g PI(m?/4) 4P 7S, m1(95.9
(b) n=15
7= - 1.5-1 - -3.605
J1.5(0.06901) + 0.09231
3.6 0.000159
3.605 ® =  ®=0.00015645
3.7 0.000108

R=1-0.00015645 = 0.9998 Ans.

d= 4_ﬁ = 4(65) l'5=1.140 in Ans.
’ m1(95.9)

1-20 U =a,. =0, +0, =90+ 383= 473 MPa
From footnote 9, p. 25 of text,

6, =(02+02)" =@&+223)?= 23.83MPa

0,
Co, = T max = # = &.83: 00504
max /'Ig'max Jmax 473
0. 0.
c. =95 9% _427_ (9770
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0, 473

max

Eq. (1-11); z=-—Te "1 __ 1.169- 1 = -1.635

Jmci+C;  |[1.169(0.0772) + 0.0504

From Table A-10, &(-1.635) = 0.05105

R=1-0.05105 = 0.94895 = 94.9 percenAns.

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

() w=d-a-b-¢c=6.520-1.5-2-3=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 indo Therefore,

d = 6.520 + 0.008 = 6.528 in  Ans.

1-22 V=xyz,andx=a+xAa y=b+xAb,z=czxAc,
V =abc
V =(a+Aa)(b+Ab)(c*Ac)
= abc + bcAa+ acAb + abAc + aAbAc + bAcAa + cAaAb + AaAbAc
The higher order terms thare negligible. Thus,

AV =bcAa+ acAb+ abAc

AV bcAa+ acAb+abAc Aa Ab Ac Aa Ab Ac
and, =-—+—+—=—+—+— Ans.

\V abc abcabc

For the numerical values given, =1.500( 1.87% 3.008 8.4375°in
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A\/‘"0'002+ 0'00%- 0'OOiO.OO4267 = AV= 0.0042@7 8.43y5 0.0360 in

V 1500 1.875 3.000

V =8.4375+ 0.0360 i Ans.

. , 8.4735. . 8.473551..
This answer yieldsv = in, whereas, exact i¥ = in
8.4015 8.401551..
1-23
Pin, a
Wmax = 0.05 iN, wmin = 0.004 in - x o I!{‘ina ]
Jap, w evis, ¢ g b
= 0.05+20.OO4: 0027 in
Thus, A w = 0.05- 0.027 = 0.023 in, and them,= 0.027+ 0.023 in.
w=a-b-T
0.027=a- 0.042 1.5
a=1.569 in
ty = Zta” = 0.023 #,+0.002 + 0.005 = t,=0.016in
Thus, a =1.569+ 0.016 in Ans.
1-24 D, =D, +2d =3.734+ 4 0.13p= 4.012 in

ty, = Dty =0.028+ 4 0.004= 0.036 in

Do = 4.012+ 0.036 in Ans.

1-25 From O-Rings, Inc. (oringsusa.coni); = 9.19+ 0.13 mmd = 2.62+ 0.08 mm
D, =D +2d =9.19+ Z 2.62= 14.43 mm
tp, = > t,; =0.13+ 2 0.08= 0.29 mm

Do =14.43+ 0.29 mm ANs,
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1-26 From O-Rings, Inc. (oringsusa.cont); = 34.52+ 0.30 mmd = 3.53£ 0.10 mm
D, =D, +2d =34.52+ { 3.53= 41.58 mm
tp, = > t; =0.30+  0.19= 0.50 mm

Do =41.58+ 0.50 mm ANs,

1-27 From O-Rings, Inc. (oringsusa.cont); = 5.237+ 0.035 in,d = 0.103+ 0.003 in
D, =D, +2d =5.237+ 4 0.10B= 5.443 in
tp, = >ty =0.035+ J 0.00= 0.041 in

Do =5.443+ 0.041 in Ans.

1-28 From O-Rings, Inc. (oringsusa.cor),= 1.100+ 0.012 in,d = 0.210+ 0.005 in
D, =D, +2d =1.100+ 4 0.21p= 1.520 in
tp, = >ty =0.012+ Z 0.005= 0.022 in

Do = 1.520+ 0.022 in Ans.

1-29 From Table A-2,
(a8 o =150/6.89 = 21.8 kpsi Ans.
(b) F =2/4.45=0.449 kip = 449 Ibf  Ans.
(c) M = 150/0.113 = 1330 Idfin = 1.33 kipin ~ Ans.
(d) A= 1500/ 25.4=2.33if  Ans.
()1 =750/254=18.0if Ans.
(f) E=145/6.89 = 21.0 Mpsi  Ans.

(9) v =75/1.61 = 46.6 mi/h Ans.
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(h) V = 1000/946 = 1.06 gt Ans.

1-30 From Table A-2,
(@ =5(0.305) =153 m Ans.
(b) o =90(6.89) = 620 MPa Ans.
(c)p=25(6.89) =172 kPa Ans.
(d)Z=12(16.4) =197 cth  Ans.
(& w = 0.208(175) = 36.4 N/m  Ans.
(f) 0 =0.001 89(25.4) = 0.0480 mm  Ans.
(g) v=1200(0.0051) =6.12 m/s Ans.
(h) | = 0.002 15(1) = 0.002 15 mm/mm  Ans.

(i) V = 1830(25.%) = 30.0 (16) mn? Ans.

1-31
(@ o =M/zZz=1770/0.934 = 1895 psi = 1.90 kpsiAns.

(b) o =F /A =9440/23.8 = 397 psi Ans.
(c) y=FI33El = 270(31.5¥[3(30)1F(0.154)] = 0.609 in Ans.

(d) 8= Tl /GJ = 9 740(9.85)/[11.3(10(7/32)1.00] = 8.648(10% rad = 4.95  Ans.

1-32
(@) o=F /[ wt =1000/[25(5)] = 8 MPa Ans.

(b) 1 =bh®/12 =10(25¥12 = 13.0(1&) mm*  Ans.
(©) | =md"64 = 1(25.4f/64 = 20.4(18) mn*  Ans.

(d) r=16T/md®= 16(25)18/[7(12.7f] = 62.2 MPa  Ans.

1-33
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(@) 7=F /A =2 700/p7(0.750%/4] = 6110 psi = 6.11 kpsi  Ans.
(b) o= 32Fa/mrd® = 32(180)31.5/f7(1.25f] = 29 570 psi = 29.6 kpsi Ans.
(©) Z=m(do* - d*/(32d,) = m(1.50' - 1.0¢)/[32(1.50)] = 0.266 i  Ans.

(d) k= (d*G)/(8D°N) = 0.062 5(11.3)16/[8(0.760¥ 32] = 1.53 Ibf/in Ans.
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Chapter 2

2-1 From Tables A-20, A-21, A-22, and A-24c,
(@ UNS G10200 HRS;; = 380 (55) MPa (kpsi)S;: = 210 (30) MPa (kpsiAns.
(b) SAE 1050 CDS;; = 690 (100) MPa (kpsi)S: = 580 (84) MPa (kpsi)Ans.
() AISI 1141 Q&T at 548C (1000F): S, = 896 (130) MPa (kpsi)S,: = 765 (111)
MPa (kpsi) Ans.
(d) 2024-T4:S,: = 446 (64.8) MPa (kpsi)S: = 296 (43.0) MPa (kpsi)Ans.
(e) Ti-6Al-4V annealedS; = 900 (130) MPa (kpsi)S: = 830 (120) MPa (kpsi)Ans.

2-2 (&) Maximize yield strength: Q&T at 428 (800F) Ans.

(b) Maximize elongation: Q&T at 65C (1200F) Ans.

2-3  Conversion of kN/mto kg/ n? multiply by 1(16) / 9.81 = 102
AISI1 1018 CD steel: Tables A-20 and A-5

s, _ 370(10)

B A S
p 76.5102
2011-T6 aluminum: Tables A-22 and A-5
s, 169(10)

Y =
o 26. 6( 102
Ti-6Al-4V titanium: Tables A-24c and A-5
S, _ 830(16)
p  43.410)
ASTM No. 40 cast iron: Tables A-24a and A-5.Doeslmave a yield strength. Using the
ultimate strength in tension

S - 42 6'89( 16) =40.7 kNOm/kg ~ Ans

P 70.6( 102

=47.4 kKNOm/kg Ans.

=62.3 KNOm/kg Ans.

=187 kN[Om/kg Ans.

AISI 1018 CD steel: Table A-5
E_30.0(10)
y  0.282

2011-T6 aluminum: Table A-5

E_10.4(16)
v 0.098

=106( 1(?) in Ans.

:106( 1(?) in Ans.
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Ti-6Al-6V titanium: Table A-5
E_16.510)
v~ 0.160

No. 40 cast iron: Table A-5
E_14.510)

.= 0.260 :55.8(16) in Ans.

=103( 10”*) in Ans.

2-5
E-2G

2G(1+v)=E = v=
2G

Using values foE andG from Table A-5,

30.0- A 11.
Steel: V= & =0.304 Ans.

2(11.9

The percent difference from the value in Tablé &-

0.304- 0.292_ 4 5411- 411 percent Ans .
0.292
Aluminum: V:M:O.B% Ans.
2(3.99

The percent difference from the value in Tabl& &-0 percentAns.

Beryllium copper: V=M=O.286 Ans.
2(7.0)

The percent difference from the value in Tablé &-

0.286- 0.285_  yy351- 0351 percent Ans .
0.285
| 145- A 6.
Gray cast iron: v:$:0.208 Ans.

2(6.0)
The percent difference from the value in Table -5

0.208= 0211 5 5149= - 1.42 percent Ans .
0.211

2-6  (a) Ao = 7(0.503¥/4 = 0.1987 iR, 0 =P;/ Ay
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For data in elastic rangé=A1/1y =A1/2
For data in plastic range) _A_1-, :l——lzi—l
l o |, A
On the next two pages, the data and plots areptes. Figured) shows the linear part of
the curve from data points 1-7. Figul® $§hows data points 1-12. Figu® $hows the

complete rangeNote: The exact value &4 is used without rounding off.

(b) From Fig. &) the slope of the line from a linear regressioB 30.5 Mpsi Ans.

From Fig. b) the equation for the dotted offset line is fouadbe

o =30.5(16)/ - 61 000 (1)
The equation for the line between data pointsdB%is
o =7.60(10)/ + 42 900 (2)

Solving Egs. (1) and (2) simultaneously yields= 45.6 kpsi which is the 0.2 percent
offset yield strength. Thu§, = 45.6 kpsi Ans.

The ultimate strength from Figure) (s S, = 85.6 kpsi Ans.

The reduction in area is given by Eq. (2-12) is

rR=D"A (100) = 0.1987 0'107(100 = 458% Ans.
0.1987
Data Point P Al, A / o

1 0 0 0 0

2 1000 | 0.0004 0.00020 | 5032
3 2000 | 0.0006 0.00030 | 10065
4 3000 0.001 0.00050 | 15097
5 4000 | 0.0013 0.00065 | 20130
6 7000 | 0.0023 0.00115 | 35227
7 8400 | 0.0028 0.00140 | 42272
38 8800 | 0.0036 0.00180 | 44285
9 9200 | 0.0089 0.00445 | 46298
10 8800 | 0.1984 0.00158 | 44285
11 9200 | 0.1978 0.00461 | 46298
12 9100 | 0.1963 0.01229 | 45795
13 13200 | 0.1924 0.03281 | 66428
14 15200 | 0.1875 0.05980 | 76492
15 17000 | 0.1563 0.27136 | 85551
16 16400 | 0.1307 0.52037 | 82531
17 14800 | 0.1077 0.84506 | 74479
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50000
=3.05E+07x - 1.06E+01
X e

40000

30000 /2/

20000 / —B—Seriesl
/ Linear (Series1)

10000

<

Stress (psi)

1

0 [J T T
0.000 0.001 0.001 0.002
Strain

@ Linear range

50000 ,
45000 Y ©
40000
35000

"2 30000
@ 25000
20000
15000
10000
5000

0 &
0.000 0.602 0.004 0.006 0.008 0.010 0.012 0.014

Strain

T
g

psi)

Stress

0|

) Offset yield

90000
80000 U -
70000 -
60000 [
50000 /
40000
30000
20000

10000

0

Stress (psi)

00 01 02 03 04 05 06 07 08 09

Strain

©) Complete range
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(c) The material is ductile since there is a largeam of deformation beyond yield.

(d) The closest material to the valuesSpfS,, andRis SAE 1045 HR witl§, = 45 kpsi,
Sit =82 kpsi, andR =40 %. Ans.

2-7 To plot oyue VS, the following equations are applied to the data.

. =

true

>|T

Eq. (2-4)
S:Inll— for 0<Al £0.0028 in (&P < 8400 Ibf)

0

£=In% for Al > 0.0028 in P> 8400 Ibf)

where A, =”(O'TSO?’7 =0.1987 i
The results are summarized in the table belowpdoited on the next page. The last 5
points of data are used to plot logvs loge

The curve fit gives m = 0.2306
log o =5.1852= op = 153.2 kpsi Ans.

For 20% cold work, Eq. (2-14) and Eq. (2-17) give,
A=A, (1-W) =0.1987 (1 - 0.2) = 0.1590%n

E= Inﬁ =In 0.1987
A 0.1590
Eq. (2-18):S, = 0,e™ = 153.2(0.2231* = 108.4 kpsiAns

Eq. (2-19), withS, = 85.6 from Prob. 2-6,

=0.2231

S, =—-—=——-=107 kpsi Ans.
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P Al A € Otrue loge log Oirue

0 0 0.1987 0 0
1000 0.0004 0.1987 0.0005 032.71 -3.699 3.702
2000 0.0006 0.1987 0.00030065.4 -3.523  4.003
3000 0.0010 0.1987 0.000515098.1 -3.301 4.179
4000 0.0013 0.1987 0.000620130.9 -3.187 4.304
7000 0.0023 0.1987 0.0011535229 -2.940  4.547
8400 0.0028 0.1987 0.00142274.8 -2.854  4.626

8 800 0.198 4 0.001 5144 354.8 -2.821 4.647
9 200 0.197 8 0.004 5446 511.6 -2.343 4.668
9 100 0.196 3 0.012 1546 357.6  -1.915 4.666
13 200 0.192 4 0.032 2268 607.1 -1.492 4.836
15 200 0.187 5 0.058 0281 066.7 -1.236 4.909
17 000 0.156 3 0.240 02108 765 -0.620 5.036
16 400 0.130 7 0.41889125478 -0.378 5.099
14 800 0.107 7 0.61245137419 -0.213 5.138
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160000 —

140000
1 20000
%_ [ OO0
£ 80000
=]
(0000
40000
20000
0 | | | | | | |
0 0.1 0.2 0.3 0.4 ] 0.6 0.7
E||1|._~
— 52
— 5.1
v =0.2306x + 5.1852 5
— 5 g_,
— 4.9
| | | | | | | | 18
—1.6 -14 -1 —1 —0.8 —0.6 —-04 -02 0
log &

E=—=—7—+—=25(10) psi Ans.
(10°)

At o = 20 kpsi

Shigley's MED, 18 edition Chapter 2 Solutions, Page 7/22



(26-19(16)

e s e b [ Ans.
Ex (L5-9(20°) 14.0(16) psi s
j (10'3) o (kpsi) &l -
0 0 50
0.20 5
0.44 10 wl
0.80 16 = o
1.0 19 -1;? (5 bo = 35 kpsi Ans.
15 26
2.0 32
2.8 40
3.4 46
4.0 49
5.0 54 ; 1 l|i
s0100 7%
2-9 W=0.20,

(a) Before cold workingAnnealed AISI 1018 steel. Table A-283, = 32 kpsi.S, =49.5
kpsi, do = 90.0 kpsim=0.25,4 = 1.05
After cold working: Eq. (-16), 4, =m=0.25

Eq. (2-14), %:1 1W = é 5o=1:25

Eq. (2-17), ¢ :In%:lnl.ZS: 0.223< &,

0.25

Eq. (2-18), S, =0,&" =90(0.223

Eq. (219),  § = 1—SJW - 1f%'520

= 61.8 kpsi Ans .93% increas: Ans.

=61.9 kpsi Ans. 25% increas: Ans.

(b) Before: i=£’5=1.55 After: izgaz1.00 Ans.
S 32 s' 61.8

y
Lost most of itductility.

2-10 W=10.20,
(a) Before cold working: AISI 1212 HR steel. Tabl-22, S, = 28 kpsi,S, = 61.5 kpsi,
0o = 110 kpsim=0.24,/ =0.85
After cold working: . (2-16), 4, =m=0.24
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Eq. (2-14), i=1 1W=1 320=1.25

Eq. (2-17), :Inﬁzlnl.ZS: 0.223< ¢,

Eq. (2-18), S, =0,e™=110(0.223"*"= 76.7 kpsi Ans .174% increase Ans.

y

Eqg. (2-19), S = S _ 615 =76.9 kpsi Ans. 25% increase Ans.
1-w 1-0.20
(b) Before: i:£'5:2.20 After: izﬂaz1.00 Ans.
S 28 Sy' 76.7

Lost most of its ductility.

2-11 W=0.20,
(a) Before cold working: 2024-T4 aluminum alloy. Tal\-22, §, = 43.0 kpsiS, =
64.8 kpsi,ap = 100 kpsim=0.15,4 = 0.18
After cold working: Eq. (2-16), =m=0.15

Eq (214), -1 -1 _j155
A 1-W 1-0.20

Eq. (2-17), & =In%=ln1.25= 0.223>¢, Material fractures.  Ans.

2-12 ForHg = 275, Eq. (2-21) S, = 3.4(275) = 935 MPa Ans.

2-13 Gray cast ironHg = 200.
Eqg. (2-22), S,=0.23(200)- 12.5=33.5kpsi Ans.

From Table A-24, this is probably ASTM No. 30 Gst iron  Ans.

2-14 Eq.(2-21), 0.Hs =100 = Hz=200  Ans.
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2-15 For the data given, convertiitg to S, using Eq. (2-21)

He
230
232
232
234
235
235
235
236
236
239

28 =

S (kpsi)
115
116
116
117

117.5
117.5
117.5
118
118
119.5

1172

S (kpsi)
13225
13456
13456
13689

13806.25

13806.29

13806.29
13924
13924

14280.25

$S§2= 137373

Eq. (1-6)
1172

= .5 .
== _=—"_=117.2= 117 kpsi Ans.
% N 10 P

Eq. (1-7),

10

i=1

2S-Ng

137373 1¢ 117.¢ _1.27 kpsi

= N-1

9

Ans.

2-16 For the data given, convertitg to S, using Eq. (2-22)

He
230
232
232
234
235
235
235
236
236
239

2§ =

S (kpsi)
40.4
40.86
40.86
41.32
41.55
41.55
41.55
41.78
41.78
42.47

414.12

S7 (kpsi)
1632.16
1669.54
1669.54
1707.342
1726.403
1726.403
1726.403
1745.568
1745.568
1803.701

$S2=17152.63

Shigley's MED, 18 edition
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Eqg. (1-6)

S = LS 41412, 41.4 kpsi Ans.
N 10
Eq. (1-7),
; - _ \/17152.63— 1 41f _ o
9
2-17 (a) Eq. (2-9) U - 456 =34.7 indbf /i Ans.
2(30)
(b) Ao =1(0.503)/4 = 0.19871 if
P AL A (A/A-1 / o =PlA
00 0 0
1 000 0.000 4 0.000 2 5 032.
2 000 0.000 6 0.000 3 10 070
3000 0.0010 0.000 5 15 100
4000 0.001 3 0.00065 20130
7 000 0.002 3 0.00115 35230
8 400 0.002 8 0.001 4 42 270
8800 0.003 6 0.001 8 44 290
9200 0.0089 0.004 45 46 300
9100 0.1963 0.01228 0.01228 45800
13 200 0.1924 0.03280 0.03280 66 430
15 200 0.1875 0.05979 0.05979 76500
17 000 0.156 3 0.27134 0.27134 85550
16 400 0.1307 0.52035 0.52035 82530
14 800 0.1077 0.84503 0.84503 74480

From the figures on the next page,

Uy

5
=3 A =%(43 000)(0.001 5) 45 000(0.004 45 0.001 5)

i=1

+%(45 000+ 76 50p (0.059-8 0.004 45)

+81 00q 0.4- 0.059)8- 80 000 0.845 p.4
~66.7(16) inJlbf/ir’  Ans.
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2-18, 2-19 These problems are for student research. No sthsdaitions are provided.

2-20 Appropriate tables: Young’s modulus and Densitglf€ A-5)1020 HR and CD (Table A-
20), 1040 and 4140 (Table A-21), Aluminum (Tabl@4#); Titanium (Table A-24c)

Appropriate equations:

Weight/length s0A, Cost/length = $/in = ($/Ibf) Weight/length,
Deflection/length =5/L =F/(AE)

With F = 100 kips = 100(19) Ibf,

Young's Yield Weight/ Cost/ Deflection/

Material Modulus Density Strength Cost/lbf Diameter length length  length

units Mpsi Ibf/ir? kpsi $/Ibf in Ibf/in $/in in/in
1020 HR 30 0.282 30 0.27 2.060 0.9400 0.25 1.000E-08
1020 CD 30 0.282 57 0.30 1495 0.4947 0.15 1.900E-03
1040 30 0.282 80 0.35 1.262 0.352%5  0.12 2.667E-03
4140 30 0.282 165  0.8C 0.878 0.1709 0.14 5.500E-03
Al 10.4 0.098 50 1.10 1596 0.1960 0.22 4.808E-03
Ti 16.5 0.16 120 7.00 1.03C. 0.13838 $0.93 7.273E-08

The selected materials with minimum values areletian the table above. Ans.

2-21 First, try to find the broad category of mate(mich as in Table A-5). Visual, magnetic,
and scratch tests are fast and inexpensive, sddshlbloe done. Results from these three
would favor steel, cast iron, or maybe a less comfaaous material. The expectation
would likely be hot-rolled steel. If it is desiréal confirm this, either a weight or bending
test could be done to check density or moduludasttieity. The weight test is faster.
From the measured weight of 7.95 Ibf, the unit \Weig determined to be

w=W o T _ o8 it
Al [71in)"/4](36 in)

which agrees well with the unit weight of 0.282ibt reported in Table A-5 for carbon
steel. Nickel steel and stainless steel have aimihit weights, but surface finish and
darker coloring do not favor their selection. Btest a likely specification from Table
A-20, perform a Brinell hardness test, then use(E@1) to estimate an ultimate strength
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of §, =0.5H; = 0.5(200F 100 kpsi Assuming the material is hot-rolled due to the

rough surface finish, appropriate choices from €a%20 would be one of the higher
carbon steels, such as hot-rolled AISI 1050, 1060,080. Ans.

2-22

First, try to find the broad category of mate(glch as in Table A-5). Visual, magnetic,
and scratch tests are fast and inexpensive, sddsalbloe done. Results from these three
favor a softer, non-ferrous material like aluminuthit is desired to confirm this, either a
weight or bending test could be done to check dgpsimodulus of elasticity. The
weight test is faster. From the measured weiglt@d Ibf, the unit weight is determined
to be

w 2.9 Ibf

w=—= — — =0.103 Ibf/ir?
Al [71in)"/4](36 in)

which agrees reasonably well with the unit weigh®.098 Ibf/ir’ reported in Table A-5
for aluminum. No other materials come close te thit weight, so the material is likely
aluminum. Ans.

2-23

First, try to find the broad category of mate(sich as in Table A-5). Visual, magnetic,
and scratch tests are fast and inexpensive, sddshlbioe done. Results from these three
favor a softer, non-ferrous copper-based mateuiet s copper, brass, or bronze. To
further distinguish the material, either a weighbending test could be done to check
density or modulus of elasticity. The weight tedlaster. From the measured weight of
9 Ibf, the unit weight is determined to be

LW 9.0 Iof
Al [(Lin)? /4](36 in)

=0.318 Ibffir?

which agrees reasonably well with the unit weigh®.822 Ibf/ir’ reported in Table A-5

for copper. Brass is not far off (0.309 Ibfinso the deflection test could be used to gain
additional insight. From the measured deflectiod atilizing the deflection equation for
an end-loaded cantilever beam from Table A-9, Y&ntpdulus is determined to be

= i?’ = 100( 243 =17.7 MpSI
3y 3(m(1)/64) 17/32)

which agrees better with the modulus for copperZ Mpsi) than with brass (15.4 Mpsi).
The conclusion is that the material is likely coppe Ans.

2-24 and 2-25 These problems are for student research. Nalatd solutions are provided.

2-26 For strengthg=F/A=S = A=F/S
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For massm = Alp= (F/9 lp
Thus, f3(M)=p/S, and maximiz&lp (£ =1)

In Fig. (2-19), draw lines parallel &jo

Ceramics
513N, T alloys
ALOY Siee £

Strength—density |

1| Metals and polymers yield sirength
Ceramics gnd glasses MGR
008} | Elastomers tensile tear strength
= | Composites tensile foilure

5iC

100 = o
H (e
o B S
B = A
= #
i ”
s 104 Rigid pety ; > —1
= v} - # -
e CHl1 = i,
B Lead alloys »" -7 -
& o,
P
ot
2t
Bunl— :
Wood rybber Silicone ___..-:;f.\\( Guide lines for 1
L te grain '-']ﬂﬁt'-?'mﬂj - FULAERLERT PRASS |
- %
- L design
.—___.-' ”*‘” L L& A
-
0.1 - "‘_.- ’__-" ?..-
= 5. ~ /J
B ok
il L gia”
Flexible polymer .~ # e
«  foams 7 -
01 L e - al s LS
0 01 | 10

Density . Mg/m?

The higher strength aluminum alloys have the gstgiotential, as determined by
comparing each material’'s bubble to 8ip guidelines. Ans

2-27 For stiffnessk = AE/l = A =KkI/E
For mass,m = Alp = (KI/E) |p=kI* p/E

Thus, f3(M)=p/E, and maximiz&/p (B =1)

In Fig. (2-16), draw lines parallel &/p
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From the list of materials givetyngsten carbide(WC) is best, closely followed by
aluminum alloys. They are close enough that otaetofs, like cost or availability, would
likely dictate the best choice. Polycarbonate payis clearly not a good choice
compared to the other candidate materialsAns

2-28 For strength,
o=Fllz=S Q)

whereFl is the bending moment ads the section modulus [see Eq. (bRG. 104 ].
The section modulus is strictly a function of theensions of the cross section and has
the units i (ips) or n? (SI). Thus, for a given cross secti@=C (A)*?, whereC is a

-1
number. For example, for a circular cross secﬁbn,(4\/7_7) . Then, for strength, Eq.

(1) is
Fl_ (R
W—S = —(—j (2)
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FI 2/3 F 2/3 ,0
For mass, m= Ap=l—| lo=|—| 1.
o (csj “ (cj (gj

Thus, f3(M)=p/S?3 and maximiz&*¥p (B = 2/3)

In Fig. (2-19), draw lines parallel &"%/p

[ WD

- -
: Strength-density Cortmcs
: _ il g cl"'., ol Metals
- | Metals-and polymers yield strength
Ceramics and glasses MGR CERE Tungsten
000 - Elastomers tensile tear strength Mz alfovs allays
= | Composites tensile filure Polymers and o 8 Tungsien
] elastomers carbide
1 Copper
100 allows
E Matural
2 3 materials A
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% E Pt : Zanc alloys | PPt
B ] Lead alloys »7 7 _~=
|7 - .l,’# -
- o e
Foams Fe e
- il Canc rut_,.'__—/fc Y
E Silicone P wide lines for |
] -:]a.';tm:lt‘f_-,"' --":-r';" i RIERERUL LSS
] Lt \__design |
- l’l.‘ ll'f i
- it
So?” L
g P
- 1 #
art i By
Flexible ;dpmr o !ST
=7 foams _ - MEA DY
Gt ] : & L, MELL
001 == N e —
0.01 0.1 | 10

Density g M :_1."m-1'

From the list of materials given, a higher strérajuminum alloy has the greatest
potential, followed closely by high carbon heattesl steel. Tungsten carbide is clearly
not a good choice compared to the other candidaterials. Ans

2-29 Eq. (2-26), p. 77, applies to a circular crosgisacHowever, for any cross sectishape
it can be shown that= CA? whereC is a constant. For example, consider a rectangular
section of heighh and widthb, where for a given scaled shapes cb, wherec is a
constant. The moment of inertialis bh %12, and the area #& = bh. Thenl = h(bH)/12
= cb (bh?)/12 = €/12)(h)> = CA? whereC =c/12 (a constant).
Thus, Eq. (2-27) becomes
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3 \U2
A= Kl
3CE

and Eq. (2-29) becomes

k 1/2
v (] (2]

1/2
Thus, minimizef, (M ) :%, or maximizeM = . From Fig. (2-16)
E
/
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1000 | Crramics B F — -
1 Aalioy~eh b | ‘ e B
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1l w0te _.-"" e ,." wra e
1073 7 4 =
1'_;1"_!-] I:|.| 1 0
Density o, Mg/
From the list of materials givealuminum alloys are clearly the best followed by steels
and tungsten carbide. Polycarbonate polymer ismgutod choice compared to the other
candidate materials.Ans
2-30 For stiffnessk = AE/l = A =KkI/E
For massm = Alo= (KI/E) |p=kI* p/E
So, f3(M) = p/E, and maximizé&/p. Thus, =1. Ans.
2-31 Forstrengthg=F/A=S = A=F/S
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For massm = Alo= (F/9 |p

So, f3(M) = p/S and maximize&sjp. Thus,f =1. Ans.

2-32

Eq. (2-26), p. 77, applies to a circular crossisacHowever, for any cross sectishape
it can be shown that= CA?, whereC is a constant. For the circular cross section (see
p.77),C = (47", Another example, consider a rectangular seatfdreighth and width
b, where for a given scaled shapes cb, wherec is a constant. The moment of inertia is
| = bh¥12, and the area #& = bh. Thenl = h(bh)/12 =cb (bh?)/12 = /12)(h)* = CA?,
whereC =c/12, a constant.

Thus, Eq. (2-27) becomes

3 1/2
A:(m J
3CE

and Eq. (2-29) becomes

k 1/2
v ree{] ¥(2)

1/2
So, minimizef, (M) :Ei or maximizeM =7. Thus,3 = 1/2. Ans.

2!

2-33

For strength,
o=Fllz=S 1)

whereFl is the bending moment ads the section modulus [see Eq. (dRG. 104 ].
The section modulus is strictly a function of theensions of the cross section and has
the units i (ips) or n? (Sl). The area of the cross section has the infitsr nf. Thus, for
a given cross sectio#, =C (A)*?, whereC is a number. For example, for a circular cross

section,Z = 7d*/(32)and the area i = 70 %/4. This leads t€ :(4\/7_1)_1. So, with
Z =C (A)*? for strength, Eq. (1) is

Fl FI
—CA3/2 =S = A= (st (2)

FI 2/3 F 2/3 ,0
For mass, m= Alo=| — lo=| —| |53 £
o (csj o (cj (gj

So,f 3(M) = p/S?? and maximiz&s?3/p. Thus, 8 = 2/3. Ans.

Shigley's MED, 18 edition Chapter 2 Solutions, Page 19/22



2-34

For stiffnessk=AE/I, or, A = kI/E.
Thus,m = pAl =p (KI/E )l =Kkl 2 p/E. ThenM = E /pandf = 1.

From Fig. 2-16, lines parallel /o for ductile materials include steel, titanium,
molybdenum, aluminum alloys, and composites.

For strengthS = F/A or,A = F/S
Thus,m = pAl =p F/SI = Fl p/S ThenM = Sfp andf = 1.

From Fig. 2-19, lines parallel ®jo give for ductile materials, steel, aluminum afipy
nickel alloys, titanium, and composites.

Common to both stiffness and strength are stigghigtm, aluminum alloys, and
composites. Ans.

2-35

See Prob. 1-13 solution for= 122.9 kcycles and, = 30.3 kcycles. Also, in that solution

it is observed that the number of instances lems 115 kcycles predicted by the normal
distribution is 27; whereas, the data indicatestinaber to be 31.

From Eq. (1-4), the probability density functiorDiP), with ¢ = X andd = s, is

(0= -1 expl L x-xV|_ 1 o __1[x—122.5j2 M
Tsv2r P2l Ts )| T s0a 2" 30.3

The discrete PDF is given by(Nw), whereN = 69 andv = 10 kcycles. From the Eq. (1)
and the data of Prob. 1-13, the following plots @is&ained.
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Range
midpoint Observed Normal
(kcycles) Frequency PDF PDF
X f f /(Nw) f (%)

60 2 0.002898551 0.001526493
70 1 0.001449275 0.002868043
80 3 0.004347826 0.004832507
90 5 0.007246377 0.007302224
100 8 0.011594203 0.009895407
110 12 0.017391304 0.012025636
120 6 0.008695652 0.013106245
130 10 0.014492754 0.012809861
140 8 0.011594203 0.011228104
150 S 0.007246377 0.008826008
160 2 0.002898551 0.006221829
170 3 0.004347826 0.003933396
180 2 0.002898551 0.002230043
190 1 0.001449275 0.001133847
200 0 0 0.000517001

210 1 0.001449275 0.00021141

Plots of the PDF’s are shown below.

0.02

0.018

0.016

0.014

0.012

0.01

= . =Normal Distribution

Histogram

-

0.008

0.006

Probability Density
]

0.004

-

-/ 1 }-

0.002

0 20 40 60 80 100120140 160180200 220
L (kcycles)
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It can be seen that the data is not perfectly abemd is skewed to the left indicating that
the number of instances below 115 kcycles for tita 31) would be higher than the
hypothetical normal distribution (27).
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Chapter 3

31 R
M, =0 G
18R, - 6(100)F 0
R, =33.3 Ibf Ans.
5F, =0 o

100 1bf
R, + R,-100= 0 R, R,
R, =66.7 Ibf Ans. i | iRB
R.= R =333Ibf Ans K © )
) 6 1n 12 1n

3-2
BodyAB: R
SF, =0 R.=R, 517 i

Bx
5F, =0 Ry, = R,
M, =0 R,,(10)- R, (10)= 0 )
RA>< = RAy RAx ‘
R 100 Ibf
R, A
Body OAC y R,, 1
M, =0 R,,(10)-100(30} 0 ) =L 40— R, )(,,
R, =300 Ibf  Ans. 7 10 in Llo in Ll(‘) in J

2’F,=0 R,,=—-R,,=-300Ibf Ans
’F,=0 R, +R,,-100=0
R,y =—200 Ibf  Ans
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0.8 kN
3-3 -

0.8

R
= =1.39 kN Ans. 0
Ro tan 30
R, = _0'8 =1.6 KN Ans.
sin30 o
60 90° 50°
08 kN
Ry Ry
3-4 45 m—d
Step 1: FindRa & Re C -
i (1} N
= 45 =7.794 m
tan 30
SM, =0

9R. —7.794(400c0s 30

—-4.5(400sin30 F |
R. =400 N Ans.

> F,=0 R, +400cos30= 0 .
R, am =
R, =— 346.4 N Ry, R,
>'F,=0 R,,+400- 400sin30= 0
R, == 200 N

R, =+/346.4+ 206 = 400N Ans .

Step 2: Find components Rc andRp on link 4

> M. =0
400(4.5r( 7.794 1)R,= 0
R, =305.4 N Ans.

> F=0 = (R,),=3054N

>F,=0 = (R,),=-400N

4000 N
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Step 3: Find components BE on link 2

> F.=0

(R), + 305.4 346.4 0

(R), = 41N
> F,=0
(R,),= 200N

EAN B

o4 N

Ry

A

200N

ir 3054 N

i

AnNs.

400N
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35
M. =0 v
~150(R + 300(5) 1200(%} O
R =8.2kN Ans.
5F, =0 T ’
82-9-5tR=0 R =58kN Ans ! R

M, =8.2(300)= 2460 NOm Ans .
M, =2460- 0.8(900F 1740 N m Ans .
M, =1740- 5.8(300F7 O checks!

3-6 ¥ 500 Ibf 40 Ibffin

ZFY =0 (()’ 4 l 5 - )
= = ;UO l 8in ' 6m - 6 1'.11__‘
R, =500+ 40(6)= 740 Ibf Ans.
ZMO = O ],’(_H)f)
M, =500(8)+ 40(6)(17} 8080 Ibflin Ans .

M, =-8080+ 740(8F — 2160 Ibfl in Ans .
—_ _ i M
M, =-2160+ 240(6F — 720 IbHin Ans . (bfin)
M, = —720+% (240)(6F O checks! 0 x

- 808
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¥y 2EN 4 kN
3-7

1.2m lm 7 1
SM, =0 0 i : n | x
—2.2R +1(2) 1(4F 0 . IR ©
R =-0.91kN Ans. v (kN) 1 4 :
SF, =0
-0.91- 2+R,- 4= 0 . .
R,=6.91kN Ans. - 0.91
-291
M
M.
M, =-0.91(1.2)=- 1.09 kN\Om Ans . v W‘LI
1
M, =-1.09- 2.91(1F - 4 kNOm Ans . Y,
M, =—4+4(1)= 0 checks! ?
3-8
Break at the hinge & ¥ 400 Ibf . 40 Ibfin
L
From symmetry, o : B B ~x
R=V, =200 bf Ans R, : , J | R Ry
4in | 4in !B 2in 10 in
BeamBD:
SM, =0

20012 R, (10 40(10)5r O
R, =440 Ibf Ans.

ZF, =0

—-200+ 440- 4010y R,= O
R, =160 Ibf Ans.
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Hinge

M, =200(4)= 800 Ibfllin Ans . T et / 0 ofin

M, =800- 200(4F= O checks at hinge o 14 — c l l l l l l l l I D
— _ _ ; R R; R

M, =800- 200(6)= - 400 Ibflin Ans . . - ;

M4:—400+%(240)(6): 320 bflin Ans .  rao »

M, :320—% (160)(4F O checks!

39
q=R(X " -9(x-300" - 5 x- 120§ "+ RB( x 1500"
V =R -9(x-300° - § x- 1200’ + B( x 1500 1)
M =R x-9(x-300 - 5 x- 120§’ + B{ % 1500 )
At x=1500 V=M =0. Applying Egs. (1) and (2),
R-9-5+R=0 = R+ R=14
1500R - 9(1506- 300y 5(1500 1208) 0= R = 8.2kNAns

R,=14-8.2= 58kN Ans.

0<x<300: V= 82kN,M= 82 N m
300< x<1200: V= 8.2 &- 0.8 kN

M= 82 9 308 &8 2700N m
1200< x< 1500:V = 8.2 9 5- 58kN

M= 82 9 3PO5(x-1200)=-5.&+ 8700 I m

Plots ofV andM are the same as in Prob. 3-5.
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3-10

q=R, (X" = Mo (X7 -500{ x-§ " - 4q x 14°+ 40 x 2§

V=R, - My (X" —500{ x- 8" - 4Q x- 14+ 40 x 2p (1)

M =R, x— My =500 x- 8" - 20 x- 14"+ 2§ x- 27 )
atx=20 in, V=M= 0, Egs. (1) and (2) give

R,-500-4(( 20- 13= 0 = R, = 740 Ibf Ans

R,(20)- M, —500(20- 8y 20(26 14= 0 =  M,= 8080[h  Ans.

0<x<8: V=740Ibf, M= 74@- 8080 Iif in
8<x<14: V= 740- 506 240 Ibf
M= 740- 8080 500¢ 8) 240 40800bf in
14< x< 20:V = 740- 5068 40(- 14 - 40 800 Ibf
M = 740- 8086500(x - 8)- 20— 14 =— 262+ 808- 8000 Il in

Plots ofV andM are the same as in Prob. 3-6.

311
q=R(X -2(x-127+ B{ x2237- 4 x 33"
V=R-2(x-12"+ RB( ¥ 22°- 4 x 3% (1)
M=Rx-2(x-12"'+ B{ %223 - 4 x 3.¥ 2)

atx=3.Z,V =M= 0. Applying Egs. (1) and (2),

R-2+R-4=0 = R+ RB= 6 (3)
32R-22*+R D=0 = 3R+ R= 4 (4)

Solving Egs. (3) and (4) simultaneously,
R; =-0.91 kN,R, = 6.91 KN Ans.

0<x<12: V=-091kN,M=- 09 kN m
1.2<x<22: V=-09% 2- 291 kN

M=- 0%t 2 12 28t 24 KNm
22<x<32: V=-09% 2 6.9 4 kN

M=- 0.t R2(1.2)+6.91k- 2.2F 4&- 12.8 kN m

Plots ofV andM are the same as in Prob. 3-7.
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312
q=R(X -400{ x- 4"+ R( x 10" - 4@ x 10’+ 40 x 20+ R x 20
V=R-400{x-4°+ B(x10°- 4@ x 1+ 40x 20+ R x 20 (1)

M =Rx-400{ x- 4"+ BR( x10'- 2@ x 1)+ 20x 20+ R x 20 (2)
M=0atx=8inJ & - 40-4)=0 = R = 200 Ibf Ans .

atx =20, V=M = 0. Applying Egs. (1) and (2),

200- 400+R,— 4010y R= 0 = R+ R= 600

200(20)- 400(16¥ R, (10} 20(1®0F O= R = 440 Ibf Ans
R, =600~ 440= 160 Ibf Ans.

0<x<4: V=200Ibf, M= 208 Ibflin
4<x<10: V= 206- 406G - 200 Ibf,

M= 200- 408 4)- 268 1600 IBf in
10<x<20:V = 200- 408 446 406 18 640 #0 Ibf

M= 200- 408¢ 4}440(x-10)y 2qx— 1)° =— 26+ 648 4800 Ibf in

Plots ofV andM are the same as in Prob. 3-8.

3-13 Solution depends upon the beam selected.

3-14 (a) Moment at center,
_(1-2a)

At reaction,|M, | = wa?/2

a=2.251=10in,w = 100 Ibf/in

M, = 10010 %0—2.25j = 125 IbflJin
100( 2.25)
IM,|=————+=253Ibflin  Ans.

(b) Optimal occurs wheiM =|M|
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2
wl |——a "8 2+al-025°=0
2\ 4 2

Taking the positive root
_1 _ 2 2 _I 4
a—E[ 1+ 12 +4(0.25 )}——2(\/_2 j_ 0.207 Ans .

for | = 10 in,w = 100 Ib{ a = 0.207(10) = 2.07 in
M., =(100' 2 2.07 = 214 Ibflin

3-15

(@
C= 20~ 10=5 kpsi
cp=2210_ 15 kpsi

R=+15+& =17 kpsi
0, =5+17= 22 kpsi
0,=5-17=-12 kpsi

@, =%tan‘1 (%j =14.04 cw

r, =R=17 kpsi
@ =45 -14.04= 30.96 cc\

17

(b)

C= 9+—216=12.5 kpsi

CD= &2_9 =3.5 kpsi

R=+/5"+3.5 = 6.10 kpsi
0, =12.5+ 6.1= 18.6 kpsi
0,=12.5- 6.1= 6.4 kpsi

@, =%tan‘l(3—i5j = 27.5 ccw

r, =R=6.10 kpsi
@=45-275=175 cw
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(©

C= 24+10

=17 kpsi

CD = 24-10

=7 kpsi

R=+/7%+6° = 9.22 kpsi
0, =17+ 9.22= 26.22 kpsi
0, =17-9.22= 7.78 Kpsi

@, =%{90" + tan* (%H = 69.7 ccw

1, =R=9.22 kpsi
@ =69.7-45= 247 ccv

(d)
C= -12+ 22: 5 kpsi
cD=12"22_17 ypsi

R=+17°+12 = 20.81 kpsi
0, =5+20.81= 25.81 kpsi
0, =5-20.81= - 15.81 kpsi

@, =%{90’ + taﬁl(i—zﬂ = 72.39 cw

r, = R=20.81 kpsi
@ =72.39- 45= 27.39 c\

Shigley’'s MED, 1¢' edition
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3-16
(@)

coT8+T_

=-0.5 MPa

CD=8%7=7.5 MPa

R=+47.5+6 = 9.60 MPa
0,=9.60- 0.5= 9.10 MPa
0, =-0.5-9.6=-10.1 Mpa
7 1 90 + tan" 792 70.67 cw
P2 6

7, =R=9.60 MPa
@ =70.67 - 45= 25.67 cw

(b)
C =9%6 =1.5 MPa

CDZQ%(S:?.S MPa

R=+7.5+3 = 8.078 MPa
0,=1.5+8.078= 9.58 MPa
0,=1.5-8.078=- 6.58 MPa

@, :%tan‘l(%j =10.9 cw

r, =R=8.078 MPa
@ =45-10.9= 341 ccw

Shigley’'s MED, 1¢' edition

9.1

10,1

70.67°
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(©
0:127_4:4 MPa

=124 g

R=48+7°=10.63 MPa

0, =4+10.63= 14.63 MPa

0,=4-10.63=- 6.63 MPa

?, 1 90 +tan‘1£§j = 69.4 ccw
2 7

7, =R=10.63 MPa

@ =69.4-45= 24.4 ccy

(d)
C =%5= 0.5 MPa

CD=%5=5.5 MPa

R=+5.5+§& = 9.71 MPa
0, =0.5+9.71= 10.21 MPa
0,=0.5-9.71=- 9.21 MPa

@, =%tan‘1(5i5j = 27.75 ccw

7,=R=9.71 MPa
@ =45-27.75= 17.25

69.4°

Shigley’'s MED, 1¢' edition
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3-17

(a)
C :127+6: 9 kpsi

CD=%3=3 kpsi

R=~3+4° =5 kpsi
0, =5+9=14 kpsi
0,=9-5=4 kpsi

@, :%tan‘l[—g = 26.6 ccw

r, = R=5kpsi
@ =45 -26.6=18.4 ccv

(b)
C= %J =10 kpsi

CD= 30+10

=20 kpsi

R=+/20° +10° = 22.36 kpsi
0, =10+ 22.36= 32.36 kpsi
0, =10-22.36= - 12.36 kpsi

7 :Etan'l(l—oj =13.28 ccw
P2 20
1, =R=22.36 kpsi

@ =45-13.28= 31.72 cw
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(©

C= —10+ 18: 4 Kkpsi
2
cp=19%18_14 kpsi

R=+14+9 =16.64 kpsi
0, =4+16.64= 20.64 kpsi
0, =4-16.64=- 12.64 kpsi

9, =1 00 +tart[ 1) |= 73.63 cw
p 2 9

7, = R=16.64 kpsi
@ =73.63- 45 28.63 cw

(d)

C= 9+19

=14 kpsi

CD:&Z_Q:5 kpsi

R=+/5%+8 = 9.434 kpsi
0, =14+ 9.43= 23.43 kpsi
0, =14-9.43= 4.57 kpsi
1 (5
==|90 +tan*| =||= 61.0 cw
% 2{ (Sﬂ

7, =R=9.34 kpsi
@®=61-45=16 cw

14

9434
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3-18
(@)

C

-55 MPa

_-80-30_
2

cp = 80-30

=25 MPa

Tin T

(=80, 20°%)

R=+/25 + 20 = 32.02 MPa
o, =0 MPa
0, =-55+32.02=- 22.98 - 23.0 MP¢

0, =-55-32.0= - 87.0 MPa
23

Iy, 11.5 MPa,

(b)
c = 30-60

=-15 MPa
_ 60+30_

CD

45 MPa

T2/3: 32.0 Mpa, T13:_

87

43.5 MP

R=+/45 + 30 = 54.1 MPa
0, =-15+54.1= 39.1 MPa 50, 305
o, =0 MPa v
0,=-15-54.1=- 69.1 MPa

_39.1+ 69.1

Tys = 54.1 MPz

39'1:19.6 MPa

LE 34.6 MPa

Shigley’'s MED, 1¢' edition
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(©

c=29%0_o4 \ipa

cp=20-2 wpa
R=+20 + 20 = 28.3 MPa
0, =20+ 28.3= 48.3 MPa
o0, =20-28.3=- 8.3 MPa
o,=0,=-30 MPa

['1/3 :M: 390.1 MPa’
2

(d)

C=5—20=25 MPa

CD:%O:25 MPa
R=+/25+ 3¢ = 39.1 MPa
0, =25+ 39.1= 64.1 MPa
0, =25-39.1=- 14.1 MPa
o,=0,=-20 MPa

£, =22 20 o 1MPa, 1,,= 39.1MPa, r,,=22 10 205 MPa
2 2

3-19
@
Since there are no shear stresses o
stress element, the stress elen

already represents principal stres
o, =0, =10 Kkpsi

o, =0 kpsi
0, =0, =—4 kpsi

_10-(=4)_
BT, T

7 kpsi

Iy, :1—20:5 kpsi

0-(-4 .
Ty3 =—é) =2 Kkpsi
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(b)

C=%)=5 kpsi

10-0

CD=———=5Kpsi
5 p

R=+5 + 4 = 6.40 kpsi

0, =5+ 6.40= 11.40 kpsi

o0, =0kpsi, g,= 5 6.4G-—- 1.40 kpsi
_11.40_

I,; = R=6.40 kpsi, TM—T— 5.70 kpsi, 1,

(C) 2 2 circles
C=———=-5Kkpsi

5 p
CD :8;22 =3 kpsi

R=+/3+ 4% = 5 kpsi
0,=-5+5=0kpsi, g,= 0 kpsi
0,=-5-5=-10 kpsi

(—8, 4°%)

ry3:%):5 kpsi, 7,,= 0kpsi, 7,,= 5Kkpsi

(d)

C= 10; 30_ -10 kpsi y
10+ 30 (=30, 10°%) 9

Ch= =20 kpsi

2,457~

Cirele is a point

Ty

R=+/20°+10 = 22.36 kpsi

o, =-10+ 22.36= 12.36 kpsi

(10, 107

o, =0 kpsi
0, =-10-22.36= - 32.36 kp:
Iy =22.36 kpsi, 1, =%‘36= 6.18 kpsi, 7, =£2'36= 16.18 kps

Shigley’'s MED, 1¢' edition
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3-20 From Eg. (3-15),

0’ - (-6+18-12p° +[ - 6(18) ¢ 6) 12} 18( 12) *9 °6 —( 5o
-[-6(8)¢ 121 2(9)(6) 15) « 6)(6) 18( 15y —( X8)°]=0

0°-5940+ 3186= 0
Roots are: 21.04, 5.67, —26.71 kpsAns.

_21.04- 5.67

Tys =7.69 kpsi

T (kpsi)

T113

Tys = Mlz 16.19 kpsi

-26.71

=1y, =204 2071 53 88 kpsi Ans
2

max

o (kpsi)

5.67 21.04

3-21
From Eq. (3-15)

o° - (20+ 0+ 20V2+[ 20(0y 20(20% 0(20) &G(_ 26)22_ Z}U

—[20(0)(20} 240)- 20 p (@ 4o 20 )22—
0% -400% - 2 00@ + 48 006 O

7 (kpsi)
Roots are: 60, 20, —40 kpsiAns.

T3

_60-20

Ty =20 Kkpsi

of0)  20(a0¥

T3

20
= 20%40_ 54 s

Ty

Toox = rm:M:SO kpsi Ans.

20 60 o (kpsi)

Shigley's MED, 18 edition
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3-22 From Eq. (3-15)

o° - (10+ 40+ 40p” +[10(40} 10(40) 40(46) 28(-

Yo-(- Bgo

—~[10(40)(40)+ 2(20)¢ 40) 20) 16( 4b)y 48( 20) 40(20x O

0*-900%=0
Roots are: 90, 0, 0 MPa  Ans. T(MPa) A
Ty3=0
T3
ryzzrm:rmaxz%):% MPa Ans. olo 5o 7 MPa)
3-23
o=F - 19000 43050 psi 34.0 kpsi Ans .
A (m4)(0.78)
o= FL L =33 950i 0.0679 in Ans .
AE “E 30(10)
o _0.0679 6
=—= =113Q 10 113 Ans .
[T eo H3o107)= 113m
From Table A-5y = 0.292
6, = -v = -0.292(1130) - 330  Ans .
Ad =0,d =-330(10°) (0.75) - 24f 16) in Ans .
3-24
U=E=ﬂ—6790 psE 6.79 kpsi Ans .
A (n/4)(o 78)
_FL_ L.

0— 0.0392in Ans .

10.4(16)
q:ézwzess(loﬁ):sw Ans .

From Table A-5y = 0.333
0, =-vQ =-0.333(653F - 214 Ans .

Ad =6,d =-217(10°) (0.75 - 166 18) in Ans .

Shigley's MED, 18 edition
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3-25

- Ad_ 200001 _ 4 5094
d d
From Table A-5y = 0.326,E = 119 GPa
-0, 0.0001 5
=—=2=—"_"=306.71 10
% Y 0.326 7( )
FL
=— ando=—, so
AE
OoE |

J:T:QE:306.7( 10°) (119) 1) = 36.5 MPa

F=0A=36.510

2
)@= 25800 N 25.8 kN Ans

S = 70 MPa >0, so elastic deformation assumption is valid.

3-26
5:E:U£:20 OOOM: 0.185in Ans .
AE E 10.4(1(?)
3-27
J:E:aizmo(m)L: 0.00586 '+ 5.86 mm Ans
AE 71.7(1(3)
3-28
5=t _ oL _150001%2) _ 5173in Ans .
AE E 10.4(1(?)
3-29

With g, =0, solve the first two equations of Eq. (3-19) simetatusly. Plac& on the
left-hand side of both equations, and using Crasneile,

B, -
LBy 1 _B +vEy, _E(g+w)
1 v
-v 1

Likewise,

Shigley's MED, 18 edition Chapter 3 Solutions, Page 20/100



E(0, +Vo
Uy =—(1y_V2 X)

From Table A-5E = 207 GPa and = 0.292 Thus,
. E(o,+w,) 207(16)[ 0.0019 0.292 0.000
1-V 1-0.293
_207(16)[ - 0.000 72 0.242 0.001P
% 1-0.292 g

)7]2(10'6) =382 MPa Ans .

0‘6)=—37.4 MPa Ans .

3-30
With g, =0, solve the first two equations of Eq. (3-19) simetatusly. Plac& on the
left-hand side of both equations, and using Crasmeite,

ED, —v‘

B, 1| Ep+vE, E(Q+w)
1 1-V? 1-V
-v 1

ag =

X

Likewise,

e
0, =) (:y_ Vzvox)
From Table A-5E = 71.7 GPa and= 0.333 Thus,
_E(o,+w,) 71.7(16)[ 0.0019 0.333 0.000
ST T 1-0.333
_ 71.7(16)[ - 0.000 72 0.3%3 0.00Jf
%= 1-0.333 S

)7]2(10‘6) =134 MPa Ans .

0'6):—7.04 MPa Ans .

3-31
@ R=

6M 6 ac oblf |
:—2:——F:> F =
bh?  bh | 6ac

(b) i = (Um/d)(bm/b)( h,/ h)z( ./ h) _ 1(s)(92(9
i (3/3)(e/d (303

For equal stress, the model load varies by tharsgof the scale factor.

IEF M_ = Rla:T—C =

ANS.

=s* Ans

Shigley's MED, 18 edition Chapter 3 Solutions, Page 21/100



3-32

wl w | I w ?
a =—, = | |-—|==
( ) Ri 2 m«51X|><-I/2 2 2( 2} 8
2 2
oM _ 6 wl®_ W, dobhf
bh* bl 8  4bif 3 |
2 2
(b) %: (Jmla)(bm/ @( hm/ b :1(5)(5) =SZ AnS
w |, /1 s
2
—w”‘l’“:52 = “n-5 -5 Ans
wl w S

For equal stress, the model laadaries linearly with the scale factor.

3-33
(@ Can solve by iteratioar derive W, W, (W .. WWp L (W,
equations for the general case. Find a 1 i l ‘ ¥ 1 B
maximum moment under whedl,. <y AJ
. R e—a, 4 Ry
W, =ZWat centroid ofWV's
- . .
RA :l_x:i—_d?’\/\[r [
Under wheel 3,
_ _(1=%,—d,) )
M, = A)%_W%_V\é%_l— Wx Wa- Wg
For maximum,dlv|3 =0=(l —d3—2x3)% = xszl_—d?’
dx, I 2
. (1-d,)’
Substitute intoM = M, :TV\Ir -Wa,- W a,
This means the midpoint af, intersects the midpoint of the beam.
~d I-d,)* =~ &
For wheel,  x =%, M, =%V\4 -> W3
i=1

Note for wheel 1ZW, g, =0

W, =104.4, W=W= W= w:%‘: 26.1 kips

476 _ (1200- 238)

Wheel 1:d, == ==238n, M, 40200) (104.4¥ 20128 Kip in

Wheel 2:d, =238- 84= 154 in
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_ (1200- 154j

2= 21200) (104.4)- 26.1(84F

Check if all of thevheels are on the .

21605 kip i M, _,

Ans .

(b) X.ox = 0600— 77= 523 in Ans.

(© See above sketc
(d) Inner axles

3-34
() Leta = total areaf entire envelof
Letb = area of side nott

A=a-2b=40(2)(37.5 2% 3= 2150 nfm
—| -y =1 s 1
=1,-2,=5(40)(79'-( 3( 2F

|:1.36(1(§) mm  Ans .

(b)
A, =0.375(1.875F 0.7031257n

A =0.375(1.75F 0.656 25 in
A=2(0.703125)% 0.656 25 2.0625%n

y= 2.0625

_0.375(1.875) _
= 12 -
|- 1.75(0.375)

b 12

I 0.206 irf

=0.007 69 irf

|, =2 0.206+ 0.703125(0.0795)+| 0.00769 0.656 2505 | = 0.448 if

(©)

Use two negative are

A =625 mnf ,A = 5625 mrh A = 10000 mzrf=42~Tﬂ

A=10000- 5625 625 3750 mm ;

Shigley’'s MED, 1¢' edition

i D
a
¢, =1.017"

2(0.703125)(0.9375) 0.656 25(0.687:52) 858 in Ans

c=375

c=375

|<— 40—

Dimensions in mn

Ans

D

|4 -

375 c

"Qﬁ‘*“F;"*L&ﬁ
A

Chapter 3Solutions, Page 23/100



Y, =6.25 mmy, = 50 mmy. = 50 mm
< 10 000(50)- 5625(50) 625(6.25)

y= 57.29 mm Ans.
3750
c,=100-57.29= 42.71 mmAns .

|, = 75i725)3 =2.637(16) mm

. =M=8.333( 16) irf

12
1,=[8.33416)+ 10000(7.28)-| 2.687 Yor 5625 )2b-[ 8238 (6729 6.2¥|
,=4.2916) if Ans.

(d)
A =4(0.879= 3514 c

A, =2.5(0.87§= 2.1875h e —
A=A+ A =5.6875irt R

2.9379 3.5+ 1.25(2.1875
y= E( 5 ( )2 288in Ans. T A
5.6875

|=1—12(4)(0.8733+ 3. 2.9375 2.2$é+1—12( 085 ¥5 2.1875 8.28.25"

| =5.20 i Ans.

3-35 4500 N
300 mm l

_i — 0
| _12(20)(40)* 1.067 19) mrh %

1500 N |3000 N

150 mm

A=20(40)= 800 mrf

Mmax iS atA. At the bottom of the section, i

O = MC - 450 000(20)_g, 5 ppa  Ans . . ,\
1.067 16)
-3000
Due to V, Imaxis betweerA andB aty = 0.
M 450
L e =Y =§(@Oj =5.63 MPa Ans . o
2A 2\ 800
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3-36

400 Ibf

1 .
| =—(1)(2)° = 0.6667 i ___1001bflin
;D@ EXRXERE
A=1(2)= 2 ir?
1200 Ibf
M, =0 ¥ (Ibf) 800
8R, —100(8)(12)= 0 7 \
R, =1200 Ibf 400 ‘
R, =1200- 100(8)= 400 Ibf
M, is atA. At the top of the beam, (i)
_Me_32000.5)_,400 i ans . ~~
I 0.6667 i
Due toV, 7, is atA, aty = 0.
Tk = 3V, E(@j =600 psi Ans.
2A 2\ 2
3-37 . 3000 Ibf 1000 1bf
| =—(0.75)(2f = 0.5 irt
12( )(2) '
~ o o 4 B ¢
A=(0.75)(2)=15id 5in ] 15 in ] 5in
=M, =0 2666.7 Ibf 1333.3 Ibf
15R, —1000(20E 0 . ' -
RB =1333.3 Ibf i 1000
R, =3000- 1333.3 1006 2666.7 Ibf
0 x
l
M .. IS atB. At the top of the beam, 3333
I Me _ 5000(1)_ 10000 psi Ans.
| Nm) :
; \/
Due toV, 1, is betweerB andC aty = 0. 5000

ﬂoj =1000 psi Ans.

max A~ N A

3V _ 3(
1.5
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3-38 6 kKN/'mm
4 4
I:nd :72(50) 2306.79416) mrh ,,HH/A#$HH#G!E
64 64

2 2
A—ﬂzﬂzlgﬁg mm

1350 kKN 450 kN

V(kN) 750

4 4
ZMBZO 8 \TSmm

6(300)(150)- 20&, = 0 J B, |
R, =1350 kN .
R, =6(300)- 1350= 450 kN (KN |

M .. IS atA. At the top,
-30000

_Mc _30000(25)_, 44 yN/mni = 2.44 GPa Ans .

ma =T T 306796
Due toV, 1, Is atA, aty = 0.
T il =f(ﬂj =0.509 kN/mni = 509 MPa Ans .
3A 3\1963
3-39
M :u)_l2 :ZUI_?C :—Samaxl
g g cl?
(@) 1=48in; Table A-8,1 = 0.537 in
8(12)(16)( 0.53
= ( )( )( 7:22.38 Ibf/in  Ans.
1(48)
(b) 1=60in,1=(213( 3 3)-(A1Y 1.6 2625 2.051in
8(12)(16)( 2.05
= ( )( )( ).=36.5 Ibf/in  Ans.
(1.5)(60)
(c) 1=60in; Table A-6,1 = 2 0.703= 1.406%n
y =0.717 inGrax= 1.783 in Sl ton
8(12)(16)( 1.40% _ { fr7s
= =21.0 Ibf/in  Ans.
1.789 60)

(d) 1=60in, Table A-7,] = 2.07
_8(19)(16)( 2.07

= 1'5( 6(5) =36.8 Ibf/in Ans.
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3-40

| :6—72(0.5“):3.066( 10%) if ,A:%( 03= 0.19631n

Model (c)
M = 500(0.5)+ 500(0.75/2)
_Mc :2 218.75(0.25)
I 3.064 10°)
o =17 825 psk 17.8 kpsi Ans .
_ 4V _ 4 500

218.75 Ibflin

=——=————-=3400 psF 3.4 kpsi Ans .

T
™ 3 A 30.1963

Model d)
M =500(0.625F 312.5 Ibf] in

_ Mc _ 312.5(0.25)
0'__

| 3.064 10°)

0 =25 464 psk 25.5 kpsi Ans .

T =ﬂ¥=ﬂﬂ=3400 psF 3.4 kpsi Ans .
3A 30.1963

Model (e)
M =500(0.4375x 218.75 If) in

_ Mc _ 218.75(0.25)
g=—=—17" "
| 3.064 10°)
o =17 825 psF 17.8 kpsi Ans .
_ 4V _ 4 500

=——=——+——=3400 psF 3.4 kpsi Ans .

4
"™ 3A 30.1963

1333.3 Ibf/in

0.5 in 0.51in
0.751in

0

1000 1bffin 1000 1bfin

7 (Ibf)
500

-500

M 218.75
(Ibfm)l )5 125

0.625 in

|

500 Ibf 500 Tbf
¥ (1bf) 500

|1000 Ibf

0

0 Y

7500
M
(Ibf-in) 3125

500 Ibf 500 Ibf

o0 04375 in 04375 in
E25 1 |
500 1bf 500 Ibf
V (lbf) 500

&) X

-500

M 218.75
(Ibf-in)

&) !
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3-41 222.2 N/mm

T T
| =—(12*)=1018 mmi A=—( 12)= 113.1 min B 6
Model ()
333.3 N/mm 333.3 N/mm
M = 2000(6)+ 2000(9): 15 000 NOmm vos
2 2 2000
_ Mc _ 15 000(6)
g=—=——"""“ 0 v
I 1018
0 =88.4 N/mnf = 88.4 MPa Ans . g
15000
4V _ 4( 2000 M
r_ =——=—|—-1=23.6 N/mnf= 23.6 MPa ANS .um
max 3 A 3(113J N )| 6000 6000
o X
I4000N
0 12 mm
24 mm
Model (d)
M =2000(12= 24 000 NI mm 2000N DU
_ Mc _ 24 000(6) iRy gkl
| 1018 ) ‘
0=141.5 N/mni = 141.5 MPa Ans .
T =4y :f(ﬂﬁ =23.6 N/mnf = 23.6 MPa Ans =0
3A 31113 (N_mnf‘f) 24000
o X
2000N  2000N
-5 1.5
Model (e) v —
M =2000(7.5F 15000 Nl mm 2000 N 2000 N
o= Mc _15000(6) ey 2000
I 1018
0 =88.4 N/mni = 88.4 MPa Ans . 0
T _4V _ 4 2000)_ 53 6 Nimnf = 23.6 MPa Ans
3A 3\113. -2000
M 15000
(N-mm)
o X
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Mc _M(d/2) 32m

342 (a) o= = =
@ | m*/64 md?®
d=y3M _ [32(218.75) 150 in Ans.
o \| (30 000)
V_ oV
b) r=—=
(b) A md?*/4
d= N - | 40500 _5o06in Ans.
m \ m(15000)
(C) T:ﬂ! :EL
3A 3(m?/4)
q =\/ﬂﬂ = [4_4000) _438in  ans.
3m \ 3m(15000)
343 - P
[’1y_q b

a

a=-F(x "+ p{x- |>O—%< x— )"+ terms forx> I+ a
V=-F+p(x- I}l——plgap2<x— 1)+ terms forx> |+ a

M = —Fx+%<x— I>2 —%(x— I>3+ terms forx> |+ a

At x=(I+a)", V=M=0,terms forx>l+a=0

2F
a

PP o _ _
-F S o B AP~ - p= 1
+pa oa 0 = R—B 1)

2
B R = C)

From (1) and (2) p, = i—E(SI +2a), p, = % 3+a) 3
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From similar triangles b__a —~ p=_2" 4)
P Rt R Rt B
Mmax Occurs wher&/ = G
F
| ——— —
Y ="

|
/I/l/‘ lL,,,f

M o = —F (1 +a—2b)+%(a— 2b)? —%(a— 2bf

X = +a—2b

=—FI-F (a—2b)+%(a— oby’ —% (a- 2b}

Normally Mmax = — Fl
Thefractional increase in the magnitud

_ F(a-2b)-(n/2) (a- 2bf +[( p+ B)/6d (& 21f

Fi ®)

For example, considér = 1500 Ibf,a=1.2inl =1.5in
_ 2(1500

From (3) )[3(1.59 +2(1.2) = 14 375 Ibffin

p, = 2(1500)[3 (1.9+1.2)= 11 875 Ibfiin

From (4)  b=1.2(11 875)/(14 375 + 11 875) = 0.54n

Substituting into (5) yielc
A =0.036 89 or 3.7% higher th-Fl
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3-44 300 Ibfin

300(30) 40 i
R = 30030), 49 550- 6900 Ibf l
2 30 1 10 42 301 g
‘ n in b
R, - 300630)_ 10, 56- 3900 Ibf By R
2 30 5100
V (Ibf
=3900_ 131 _—
300 l-e—m a —+’
0 X
Mg = —1800(10) =18 000 Ibfih 1800
-3900
My =27 in= (1/2)3900(13) = 25 350 I g
e 25350
__0.5(3)+ 2.5(3 .
y :—( )6 ( ):1.5"’1 O X
1 .
l,=—@3)®)=0.25irf -18000
1= 15530)
1 .
L, =—@)(3)=2.25ir
2 12( )(3)
Applying the parallel-axis theorem, 9 4 2.5in
|,=[0.25+ 3(L.5- 0.5)|+[ 2.25 3(25 15)= 8.5 1in}4 19=15in
(@)
Atx=10in, y=-1.5in, g, = —%0;1'5): — 3176 psi
Atx=10in, y= 25in, o, :—%FL 5294 psi
Atx=27in, y=-15in, o, = —Mﬂ: 4474 psi
Atx=27in, y=25in, o, :—%05(2'5): —7456 psi

Max tension= 5294 psi  Ans
Max compressior — 7456 psi  Ans

(b) The maximum shear stress du&/tis atB, at the neutral axis.
V, . =5100 Ibf
Q=YA=1.252.5)1F 3.125ih
(rmax) = vQ = M): 1875 psi  Ans .
Vo lb 8.5(1)

(© There are three potentially critical locationstfte maximum shear stress, alkat
= 27 in: (i) at the top where the bending stressagimum, (ii) at the neutral axis where
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the transverse shear is maximum, or (iii) in thé et above the flange where bending
stress and shear stress are in their largest caiitnin
For (i):
The maximum bending stress was previously fourtaete 7456 psi, and the shear
stress is zero. From Mohr’s circle,

19 _ —74256: 3728 psi

max
2

T

For (ii):
The bending stress is zero, and the transverse stiess was found previously to be
1875 psi. ThuSTmax= 1875 psi.

For (iii):
The bending stress, gt — 0.51n, is
o, = ——_18020; 0-9). _1059 psi

The transverse shear stress is
Q=YA=D@)D)=3.0ir
_ @ _ 5100(3.0):

1800 psi
Ib 8.5(1)

From Mohr’s circle,
2
- [ 2259 1500 = 1576

The critical location is at = 27 in, at the top surface, wherg= 3728 psi.  Ans.

max

3-45 (@ L=10in. ElemenA: ,
On= —w =- _(1000)(10)(0'5{10‘3) =101.9 kpsi A
(711 64)(1) | | o
_VQ ._ _ - T
r,=-=, Q=0 = 7,=0 p
Ib
g, \ 101.9\° ’
Trax = \/[_Aj + Ti = \/(—j + (0)2 =50.9 kpSl Ans .
2 2
ElementB:
UB = —w’ y= 0O = UB =0 ¥y
| B
2\ _4°_4(09 I
Q:VA:(ﬂj ﬂr_ :4_: ( . ) =1/12 inS ?)l___“_l,_ix
s 2) 6 6 S| s
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_VQ _ (1000)(1/12)

s =0 = (21 64)0] (1)(10‘ ) =1.698 kpsi

2
Tiax = (gj +1.698 = 1.698 kpsi Ans .

ElementC:

C
I*('—
g =W - _ _(1000)(10)(0'25(10'3) =50.93 kpsi ~ <—{1 i__..- —
< (711 64)(1f S|
Q= ydA=| y23de| )(2 = ﬁ) dy ‘
n N n . [
2 32| 2 3/2 3/2 '
o1 I [ R 5 R
Y1
dy
_ 2 22 3/2 ‘ X
=5 i) |
ForC,y; =r /2 =0.25in

3/2

2

Q=(0.5-025)" = 0.054130°

b=2x=2/r*-y?=2/05- 0.28= 0.866in

_VQ _ (1000)(0.05413) 10_3) = 1.273 kpsi
° b (/641 (0.866)( '

2
T :\/(%ggj +(1.273f = 25.50 kpsi Ans .

(b) Neglecting transverse shear stress:
ElementA: Since the transverse shear stress at pomizero, there is no change.
T = 90.9 kpsi Ans.

% error= 0% AnNS.

ElementB: Since the only stress at pobhts transverse shear stress, neglecting
the transverse shear stress ignores the entgsstr

2
T ax = (gj =0 psi Ans.

1.698- 0) *(100)= 100% Ans .
1.698

% error:(
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ElementC:

2
T oo = (%93) =25.47 kpsi  Ans .

% error= (M7 *(100)= 0.12% Ans .
25.50
(c) Repeating the process with different beam lengtbduces the results in the table.
Bending Transverse| Max shear Max shear
stress,
stresg, shear stress stress,. neglectingr. % error
o (kpsi) r (kpsi) Tmax (Kpsi) T (KDSI)

L=10in

A 102 0 50.9 50.9 0

B 0 1.70 1.70 0 100

C 50.9 1.27 25.50 25.47 0.12
L=4in

A 40.7 0 20.4 20.4 0

B 0 1.70 1.70 0 100

C 20.4 1.27 10.26 10.19 0.77
L=1in

A 10.2 0 5.09 5.09 0

B 0 1.70 1.70 0 100

C 5.09 1.27 2.85 2.55 10.6
L =0.1in

A 1.02 0 0.509 0.509 0

B 0 1.70 1.70 0 100

C 0.509 1.27 1.30 0.255 80.4

Discussion:

The transverse shear stress is only significadetermining the critical stress element as

the length of the cantilever beam becomes smakethis length decreases, bending
stress reduces greatly and transverse shear stagssthe same. This causes the critical
element location to go from being at pofgton the surface, to poi, in the center. The
maximum shear stress is on the outer surface at Ador all cases excejpt= 0.1 in,
where it is at poinB at the center. When the critical stress elenseat pointA, there is
no error from neglecting transverse shear strass & is zero at that location.

Neglecting the transverse shear stress has extigmécance at the stress element at the

center at poinB, but that location is probably only of practicagjrsficance for very short

beam lengths.
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3-46

_c :
R = I F ) lF
C a C
M =|—Fx 0< x< a X
A / T
J:6M :6(C/I)FX R, R,
bh? 13
h= 6Fcx O<x<a Ans
[oTo N0

3-47
From Problem 3-46R :|E F=V, 0s x< a
max:El:Ew = h:§ FC Ans
2bh 2 bh 2.,
From Problem 3-46h(x) = 6Fcx . ©
Ibo,,.,.
Sub inx = e and equate tb above. ] f r\ - x
3 Fc _ 6Fce 7 Y ~
2lbr, ., lbo ..., \h(_\:)
:§_Fca;max Ans
8 Ibr.,,
3-48 (a)
x-zplane

M, =0=1.5(0.5+ 2(1.5)sin(30 )(2.25)R,, (3)
R,,=1.375kN Ans.
>F,=0=R,-1.5- 2(1.5)sin(30 ¥ 1.375
R,=1.625kN Ans.
x-y plane
ZM, =0=-2(1.5)cos(30 )(2.29)R,, (3)
R,, =1.949 kN Ans.
2F,=0=R, -2(1.5)cos(30 } 1.949
R, =0.6491kN Ans.
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(b)

1.625 kN 1.375 kN
2¢0s(30°) kN/m

)’l
X X
y A T t I I I
0.6491 kN 1.949 kN # B o
15kN 2sin(30°)
7 (kN) Ve () 1375
0.6491
e—1.125 —»] 0
o 0375 i | -0.125 Fe—1.375—
-1.625
-1.949 .
1.095 4
M, 0.9737 (kN-m)
(kIN-m) 0 X
(0] X _/
-0.8125

-0.9375 -0.9453

(c) The transverse shear and bending moments for modsmf interest can readily be
taken straight from the diagrams. For 1.%<3, the bending moment equations are
parabolic, and are obtained by integrating thealirexpressions for shear. For
convenience, use a coordinate shifkof x — 1.5. Then, for 0 & < 1.5,

V,=xX-0.125

N2
M, =jvzdx=ﬂ—o.125>(+ C
2

AtX =0,M,=C=-09375 = M,= 0.6X)’- 0.126+ 0.9375
1949

V, =-=""xX+0.6491= - 1.73% + 0.6491
1.125
M, = 273%¢ Y +0.649K + C

AtxX =0,M,=C=0.9737 = M,=- 0.866X)"- 0.126- 0.9375
By programming these bending moment equations,andindMy, M, and their vector
combination at any point along the beam. The marinsombined bending moment is
found to be ak = 1.79 m, wher&l = 1.433 kKN-m. The table below shows values at key
locations on the shear and bending moment diagrams.

My M, M
x (M) | Vo (KN) | Vy (kN) | V (KN) | (KNI®) | (KNn) | (KN)
0 | -1.625] 0.6491] 1.75Q 0 0 0
05 | -1.625| 06491 1.750 -0.812%.3246| 0.8749
1.5 | -0.1250 0.6491| 0.6610 0.9375 0.9737 1.352
1.625 0 | 04327 04327 -0.94531.041 | 1.406
1.875 | 0.25000 0 | 0.2500 -0.91411.095 | 1.427
3 1.375 | -1.949 2.385 0 0 0

~

OJ
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(d) The bending stress is obtained from Eq. (3-27),
o = _szA+ M,z,
X [, I,
The maximum tensile bending stress will be at paim the cross section of Prob. 3-34
(a), where distances from the neutral axes for betiding moments will be maximum.
At A, for Mz, ya = =37.5 mm, and favly, za = —20 mm.

_A0(75) _ 34(25) _ 1 3516 ) mrA= 1.3608 ) th
12 12

|y=z{25(4°)3} 256) - 5 6716 ) mi= 2.67(10 ) fn

12 12

It is apparent the maximum bending moment, and tifignaximum stress, will be in the
parabolic section of the bending moment diagraRm@gramming Eg. (3-27) with the
bending moment equations previously derived, theimiam tensile bending stress is
found atx = 1.77 m, wherél, = — 0.9408 kN-miM, = 1.075 kN-m, ands = 100.1 MPa.
Ans.

3-49

(a) x-zplane
_ 600
M,=0=— (1000)(4)— 72 (10} M,
Mg, =1842 6 Ibffin  Ans.

SF,=0= ROZ——(1000)+ 390

R,,=175.7 Iof Ans.

x-y plane

M, =0=- (1000)(4y 390 (10} M,

Mo, = 7442.5 Ibem Ans.

600
SF,=0=R,,- (1000)— 5

Roy =1224.3 Ibf Ans.
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(b)

800 Ibf 4243 Ibf 175.7 bt 424 3 Tbf
"
7442 6 1842.6 l i
Ibf-in \, 4 Ibf-in
12243 1bf 2
600 Ibf
7, (Ibf) 12237 v, (Ibf) 4243
4243
Q 1 0 X
-175.7
M, M,
(Ibfin) (Ibfin)
0 X O X
-2545 4
_7442_6/ -1842.6
25454
(©
_ 2 2 y2
V() =] V(9 + V(3]
_ 2 2 1/2
M (x) =[ M, (9% + M,(%?]
x(m) | V,(kN) | V,(kN) | V(kN) [M, (KNIn)|M, (KNIh)| M (kNn)
0 -175.7 1224.3 1237 -184216 —-7442.6 7667
4 -175.7 1224.3 1237 25454 -2545.4 3600
10 424.3 424.3 600 0 0 0

(d) The maximum tensile bending stress will be at theocorner of the cross section in
the positivey, negativez quadrant, wherg = 1.5 in andz=-1 in.

z

y

_ 23 _ (1.625)(2.625"‘)= 2 051 irf
12 12 '
| - 32 (2.625)(1.62@):1601 it
12 12

At x =0, using Eg. (3-27),
o sz+ MYZ

X
I

z

__(-74426)(15), { 1842.6) 1)

y

X

2.051

Check alx =4 in,

__(-2545.4)(15),  2545.4)( 1)

1.601

X

2.051

1.601
The critical location is at = 0, wheregy = 6594 psi. Ans.

6594 p

Si

2706 psi
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3-50 (a) Thearea within the wall median linAy, is
Square: A, =(b-1)% FromEq. (-45) [ -
Toq = 2AntT o = 2(b- tY tr

Round: A, =mb-1)?/4

Ty = 271(b— )’ try, 1 4

o = e e

Ratio of Torques < b >
Ta_ 20-tY’try _4

= > =1.27 Ans

(b) Twist perunit lengtt from Eq. (3-46) is

- TLm =2AntTaIILm=ﬁinzch1
' 4GAt  AGAt 2G A A,

Square:
4b-t)
T (b-1)?
Round:
b-t 4(b—-t
g, =c—0=0__A4b-Y
mmb-t)°/4 (b—1)
e

S

H_q =1. Twists are the sanm Ans.
rd

3-51
(a) The area enclosed by the section median liiA, = (1 - 0.0625% = 0.8789 ifi and
the length of the section median lineL,, = 4(1 - 0.0625) = 3.75 it From Eq. (3-45),

T =2A,tr = 2(0.8789)(0.0625)(12 008) 1318 If in Ans

From Eq. (3-46),

T (1318)(3.75] 3%

=6 =0.0801rad= 4.59 Ans .

AGARL 4(11.5)( 16) (0.8789) 0.0635

(b) The radius at the median liner, = 0.125 + (0.5)(0.0625) = 0.15€ in. The area enclosed
by the section median line A, = (1- 0.0625% — 4(0.15625)+ 4(r /4)(0.15625) = 0.8579
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in%. The length of the section median lind.is= 4[1 — 0.0625 — 2(0.15625)] +z{D.15625) =
3.482in.
From Eq. (3-45),
T =2A,tr =2(0.8579)(0.0625)(12 008) 1287 Ibf in Ans
From Eq. (3-46),

1287)(3.482 3
—gl =l - (1287)(3-482) 3p =0.0762 racc 4.37 Ans .

CAGARL 4(11.5)( 1@) (0.8579) 0.0635

3-52

3T

GLG

61:

3
T=T+ =225 1¢ Ans
i=1

From Eq. (3-47)71=Géic
G andé, are constant, therefore the largest shear stoessowherc is a maximum.
Tmax = GOC .« Ans

3-53

(b) Solve part (b) first since the angle of twist pait length is needed for part (a).

Toax = Tatow =12(6.89 = 82.7 MPa
. 82.7(10)
) =X = =0.348 rad/m Ans .
GGrax  79.916) (0.003)
@
3 0.348(79.3f 10) (0.020)(0.082
T = elengcl _0:348(79.3) l (0020)0.092), 47 nom - Ans.
3 0.348(79.3{ 10) (0.030)(0.003
T, = ‘9263'-202 - (793} l (0.030)(0.003), )\ Ans.
3 0.348(79.3f 10) (0)®
T3:6'SG?')-SC3 _ ( i ©0) 4 ans

T=T+T,+T,=147+7.45 0O 892N m Ans .
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3-54
(b) Solve part (b) first since the angle of twist pait length is needed for part (a).

Tmax _ 12000 _ -
6 = . _11.5(1(?) (0.125)— 8.35( 103) rad/fin Ans .

(@
leeleshcf:(s'%)(m )(11'$(316)( i 0'06?)5:5.86 IbfCn  Ans.
T,= 9263'-203 _(839(10°)( 11'2( OB, o orcin ans.
T,= 93G3L303 _ (8.39(10°)(11. 316)( 063 0.06% 4.88 IbfCin Ans.

T=T+T,+T,=5.86+ 62.52 88= 73.3 Ibfllin Ans.

3-55
(b) Solve part (b) first since the angle of twist pait length is needed for part (a).
Trax = Taiow =12(6.89 = 82.7 MPa
. 82.7(16)
6 == =0.348 rad/m Ans .
GGrax  79.916) (0.003)
(a)
3 0.348(79.3) 18) (0.020)(0.062
leelesl‘icl _ 0348793 l (0.020)00092), 47 N Ans.
3 0.348(79.3) 18) (0.030)(0.0063
T, = 6CLG _ (79.3 10) (0.030) D745 Nom Ans.
3 3
3 0.348(79.3) 18] (0.025)(0.0862
T3:63G3LSCS _ 0348793 . (0.029)(0-992); g4 nem  Ans.
T=T+T,+T,=1.47+7.45 1.84 108 N m Ans .
3-56

(a) From Eq. (3-40), with two 2-mm strips,

_ rad® (80)(1¢)( 0.039( 0.00
3+1.8/0/c)  3+1.8( 0.030/0.002
Tax = 2(3.08)= 6.16 N0m Ans .

=3.08 NOm
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From the table on p. 116, witiic = 30/2 = 154 = fand has a value between 0.313 and 0.333.
From Eq. (3-40),
1
a=—=0.
3+1.8/(30/2)
From Eq. (3-41),

T 3.08(0.3) =0.151rad Ans .

e 0.321( 0.03)( 0.00%( 79§

321

From Eq. (3-40), with a single 4-mm strip,
_ reb® (80)(16)( 0.039( 0.004
T 3+1.8/p/c)  3+1.8( 0.030/0.004
Interpolating from the table on p. 116, wiikc = 30/4 = 7.5,

g:%‘?(oeo?— 0.299% 0.298 0.305

=11.9 NOn Ans.

From Eq. (3-41)

T 11.9(0.3) _
6= = =0.0769 rad Ans .
AbcG 0.304 0.03)( 0.004( 79)¢ 1 e

(b) From Eq. (3-47), with two 2-mm strips,

_Lezr(0.039( 0.008)( 8p 19

T =3.20 NOm
3 3
Tax = 2(3.20)= 6.40 NOm Ans .
_ 31 _ 3(3.20)(0.3)

=0.151rad Ans.

0= =
LG (0.030( 0.002)( 79K 1)
k =T/6=6.40 0.16F 424 m Ans .

From Eq. (3-47), with a single 4-mm strip,

- LCz,:(o.osc)(o.oo&)( gy 19

=12.8 NOm Ans.
max 3 3
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5o 3T _ 3(12.8)(0.3)
LG (0.030)( 0.003)( 79§ &)
k =T/6=12.9 0.075% 169 Kl m Ans .

=0.0757 rad Ans .

The results for the spring constants when using®4.7) are slightly larger than when using
Eqg. (3-40) and Eq. (3-41) because the strips a@renfinitesimally thin (i.e.b/c does not equal
infinity). The spring constants when considering aolid strip are significantly larger (almost
four times larger) than when considering two thips because two thin strips would be able
to slip along the center plane.

3-57
(a) Obtain the torque from the given power and speetyusqg. (3-44).
T :9.5552 9.5 40000)_ 152.8 NI m
n 2500
p-1r_167
max J 77d3
13
3
d:( 167 J = M =0.0223 m= 22.3mm Ans .
Tl max 7T(70)(163)
(b) T :9.55E: 9.5 40000)_ 1528 NI m
n 250
3
d= _16(1528) =0.0481 nm= 48.1 mm Ans .
n(70)(10)
3-58

(a) Obtain the torque from the given power and speetyusqg. (3-42).
63025 _ 63025(50)

T= 1261 IbfOn
n 2500
_Tr _1eT
Trmax 3" ?
V3 13
d= ﬂ = M =0.685in Ans.
T ax 71(20000)
(b) T= 63025 = 63025(50)—-12 610 Ibfdin
n 250
16(12610)"
d= (—) =1.48in Ans.
77(20000)
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3-59

3 (50)(1¢)n{ 0.08
F = = T =Imadl _(50)(19)r{003) 265 NIn
mdl® 16 16
Eq. (3-44), H =1 -265(2000) 5.5 10) W= 55.5 kw Ans .
9.55 9.55
3-60
_1er 3
=5 = T—1—6rd -—(119(1@)( 0.02)= 173N
T _m‘ca_ m(0.020)( 79.3( 16)( 1@)
JG 32T 32(173)
[=1.89m Ans.
3-61
16T 3 .
r="— =T r*="(3000 = 24851t in
P 16 16( 9)( 7%)
L7 32(2485)(24) =0.167 rad= 9.57 Ans .
36 m'G n{0.78)(115( 16)
3-62
@) Ty = I max — ﬂdgrmax T - Jr max — ﬂ(d:} _ C’4)T max
solid 1&]0 hollow r 16210
Topia T d (36')
QAT =—solid_"hollow (1 5oy )=— (100%} (100%¥ 65.6% Ans
solid do (
(B) Wegig = Kb, Woggow = l( ¢°- ﬁiz)
Wi~V qF (36°)
%AW = —solid__"hollow (10006)= L (100%)F +——+ (100%F 81.0% Ans
VVsolid ( 02)
3-63
4 4
solid r 16d hollow r 161

AT = TSOIid B ThOIIOW (100%):

solid

(100%¥ x* (100%) Ans .

(xd)*
4
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(b) Wygjig = ko’ Wioliow = l‘( ¢ -( qu)

o d)?
%AW=VM(1OO%):();—2 (100%¥ x* (100%) Ans .

'solid

Plot 9AT and YAW versusx.

Percent Reduction in

Torque and Weight
100

[oe]
o
\

c

S /l

g /

2 60

g 40 7/ — = Torque

(8]

8 | aeeese ...

a 20 L G Steg——  seeees difference
oo g .

/’ -
0 pre——
0 0.2 0.4 0.6 0.8 1

The value of greatest difference in percent redaadf weight and torque is 25% and

occurs ak = \/5/2.

3-64

@r=1¢ - 12(( 16)= 4200(d/ 2 =2.814§ 16)
? (m32)d*~(o7a)']
V3
d= M :6.17(102) me 61.7 mm
12016 )

From Table A-17, the next preferred size is80 mm.  Ans.
d = 0.d =56 mm. The next preferred size smallat s 50 mm Ans.

(b)
c_Te_ 4200(d;/ 2 _ 4200( 0.050 2 - 30.8 MPa

I (m32)a*~(d)'| (732)(0.089"~( 0.05)']

ANS .
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3-65
T =9.55%= 9.5 1fgo)= 1433 NI m

13
V3 | 16(143
T=g dc=(16rj (1439 = 0.045 n¥ 45 mm
g m 7(80)(10)
From Table A-17, select 50 mm.Ans.

_16(2)(1433 _
@) 1,.,= 7(0.050] =117(16) P& 117 MPa Ans .

(b) Design activity

3-66
7253 (:]2"“ = 68 025(1) 2004 bfin
V3 [ 16(7889 T'°
r=£ = dc=(16rj (788 " _ 1 391n
2 nr 71(15 000

From Table A-17, select 1.40 in. Ans.

3-67 For a square cross section with side lefgthnd a circular section with diametgr
i

- T, _
A§quare_ Acircular = bz = Z d = b= 7 d

From Eg. (3-40) witlb = c,

T 18) T(, 18 T( 2V, .. T
(rmax)square—@(mmj_E(3+TJ_F{ﬁj (4.8)= 6.8% ¢

For the circular cross section,

167 T
(TmaX)circuIar = ﬂd3 - 5093?
T
r 6.896—
( max)square — d’ =1.354

(Tmax)circular 509313
d

The shear stress in the square cross sectiond4%e3greater.  Ans.
(b) For the square cross section, from the table di¢,5 = 0.141. From Eq. (3-41),

0= TI3 _ Ti _ TI i :11_5:TI
pfbc’G  BL'G Jr d G
0.14 7d G
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For the circular cross section,

Tl Tl Tl
6, =—=——=10.19——
Y G 6(m/32) d‘G
5 11501-
—t=—06=1129
M 1019 -
d‘G

The angle of twist in the square cross sectid?i9% greater. Ans.

3-68 (a)
T, = 0.15T,

> T =0=(500- 75)(4)-(T,-T)( = 1706(T,- 0.1§)( )5
1700- 4.25,= 0 =  T,= 400 Ibf Ans .
T,=0.15400= 60 Ibf  Ans .
(b)
> M, =0=-575(10)+ 460(28) R. (40)
R. =178.25Ibf  Ans.
D> F=0=R,+575- 460+ 178.25
R, =-293.25 Ibf  Ans.

(©

293251bf 5751bf 460 1bf 178.25 Ibf

0 10 in 18 in 12 in l’ "
| A B &
v (Ibf) 293.25 R
0 b
-281.75
M 29325
(1bfiin)

0 \/ 5

2139
(d) The maximum bending moment isxat 10 in, and i8V = 2932.5 Ibf-in. Since the

shaft rotates, each stress element will experibote positive and negative bending
stress as it moves from tension to compressiontdigelie transmitted through the shaft
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fromAtoBisT = (500- 75)(4) = 1700 Ibf-in. For a stress element onotler surface
where the bending stress and the torsional stredsogh maximum,

32(2932.
_Mc _32m _32( 9 =15 294 psi = 15.3 kpsiAns .

| m® m1.257

=10 16T _20U700). ) pa3 hsi= 443 kpsi Ans
3 nd 125y

(e)
2 2 15.3 |(15.3° 2
o =% %] +(r) :_iJ(_j e

0, =16.5 kpsi Ans .
o, =-1.19 kpsi Ans .

o\ 2 _ [(15.3) .
Tmax:\/(7j +(ry) = [_ZJ +(4.43" = 8.84 kpsi Ans .

3-69 (a)
T, =0.15T,

> T=0=(1800- 270 (2003 (T,-T) (125 3(6 ip+ 1p5 075 T)
306(10)-106.25= 0 = T,= 2880 NAns .

T,=0.15( 2880 = 432 NAns .
(b)
D M, =0=3312(230} R. (510y 2070(810)
R. =1794 N Ans.
D F,=0=R,+3312+ 1794 2070
R, =-3036 N Ans.
(©

230mm B 280mm ' 300mm A4

y
3036

Y(N)

N 3312N 1794 N 2070N

2070

0 x

-3036
(N-m)

(o]

6983 -621
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(d) The maximum bending moment isxat 230 mm, and i = —698.3 N-m. Since the
shaft rotates, each stress element will experibote positive and negative bending
stress as it moves from tension to compressiontdigee transmitted through the shaft
fromAtoBisT = (1800- 270)(0.200) = 306 N-m. For a stress element erotiter
surface where the bending stress and the torssbresls are both maximum,

32(698.
g=Mc_32M ( 3:263(1(?) Pa= 263 MPaAns .
|~ ®  7(0.030y
=10 o100 16(306):57.7(1(5) Pa 57.7MPa Ans
J 7 m0.030§

(e)
1 o'zzﬂi (&j +(Z_Xy)2 :E’i\/(ﬁgj +(577)2
2 2 2 2

o,
o, =275 MPa Ans .
o,=-12.1MPa Ans.

2 2
T :\/(ﬂj +(r,) :\/{E’] +(57.7° =144 MPa  Ans .
2 2

3-70

(@)
T, =0.15T,

> T=0=(300-50 (4%(T,-T) (3F 1008( 0.I6-T) (3)

1000- 2.55,= 0 =  T,= 392.16 IbfAns .

T,=0.15(392.16= 58.82 IbfAns .
(b)

D> M, =0=-450.98(16) R;, (22)

,=-327.99 Ibf Ans.

> F,=0=R,,+450.98- 327.99
Ry, =—122.99 Ibf Ans.
> M,, =0=350(8}+ R, (22)
R., =-127.27 Ibf Ans.
>'F,=0=R,,+350- 127.27
R,, ==222.73 Ibf Ans.
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(©)

350 Ibf 122.99 Ibf 450.98 Ibf  327.99 Ibf
' ! | .1
. 8in 8 in 6 in : " 8 in 8in 6 in y
Q p 7 a X (9] ) % o &
222.73 Ibf 127.27 1bf
¥ (Ibf)
v (Ibf) 1277 122.99
| 0 x
Q X
222.73 -SR]
i M M 1967.84
(Ibf-in) 4 (Ibfin)|  ges oo
O 3
-763.65 0 | x
-1781.84

(d) Combine the bending moments from both planesaxdB to find the critical
location.

M, =+/(983.92f + ¢ 1781.84)= 2035 Itif in

M, :\/(1967.845 + € 763.6%)= 2111 114f in
The critical location is @. The torque transmitted through the shaft fldto Bis T =

(300-50)(4) = 1000 Ibf-in. For a stress element orotlter surface where the bending
stress and the torsional stress are both maximum,

32(211
sz _32M _ ( ]) =21502 psi = 21.5 kpsAns .

| om® )
p=10 16T _ 16U000). g3 i = 5.00 kpsi Ans .
J adf

(e)
2 > 215 | 2157 »
a,, 02=%J_r (%) +(r,,) :_Zi\/(_Zi +(5.09)

0, =22.6 kpsi Ans .
o0, =-1.14 kpsi Ans .

o\ 2 |(215Y .
rmaxz\/(7j +(rxy) = (_Zj +(5.09° =11.9 kpsi Ans .
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3-71 (a)
T, =0.15T,
> T=0=(300- 4§ (125 (T,-T,) (1505 31875 0.I5 T)
31875-127.5=0 =  T,= 250 N mmAns .
T, =0.15( 250 = 37.5 N mmAns .

(150)

b
® > M, =0=2345sin48 (300y 287.5(700)R., (850)
,=-150.7N  Ans.
D> F,=0=R,,—345c0s45+ 2875 150.7
R,,=107.2 N Ans.
> M, =0=345sin48 (300} R., (850)
R.,=-86.10 N  Ans.

D> F,=0=R,, +345c0s45- 86.10
R,,=-157.9 N Ans.

(©
1072 N 2440N 2875N 150.7N
Y
A B ¢ , Y T ,
O M omm 100 mm 150 mm ? O L Wmm g lmm - "
Z
1579N 2440N 86.1 N
V(N) V()
86.1 136.8
0 0 X
~157.9 1072 -150.7
M M
(N'm) (N'm) 2256
(0] (0] \//\ ¥
4737 -32.16

(d) From the bending moment diagrams, it is clear tiimatritical location is a& where
both planes have the maximum bending moment. Qandthe bending moments from
the two planes,
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M =(-47.37°+(-32.1§ = 57.26 N m

The torque transmitted through the shaft frano B is T = (300- 45)(0.125) = 31.88
N-m. For a stress element on the outer surfaceanhe bending stress and the torsional
stress are both maximum,

_Mc _32M _32(57.29 _
1 T m® T m0.020%
- Tr _16T _16(31.88)_
J md®  7(0.020%
(©

2 2
0 02 % (%] (e ) =720 [T+ og

0, =78.2 MPa Ans .
0,=-527 MPa Ans .

g\ 2 _ |(72.9Y
Tmaxz\/(7j +(r,) = (Tj +(20.9" = 41.7 MPa  Ans .

72.916) Pa= 72.9 MPa Ans

20.316) P& 20.3MPa Ans

3-72
(@)
T =0=-300(cos 20°)(10) F, (cos20°)(4)

Fy =750 Ibf Ans.
(b)
D M, =0=300(cos 20°)(16) 750(sin20°)(3&%., (30)
R., =183.1 Ibf Ans.
D> F,=0=R,, +300(cos20°) 1831 750(sin20°)
Ro, =—208.5 Ibf Ans.
> My, =0=300(sin20°)(16} R., (30) 750(cos 20°)(39)
,=—861.5 Ibf Ans.
Y F,=0=R,,-300(sin20°) 861.5 750(cos20°)
R,, =259.3 Ibf Ans.
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(©)

2593 Ibf 102.61bf 861.5 Ibf 704.8 Ibf

y
9] lin A l4in C oin B o 16'in 14in 9in .
A C B
Y i z
208.51bf 281.91bf 183.11bf 256.5 1bf 704.8
V (Ibf) 256.5 V (Ibf)
73.4
0 X 9]
i
L T g7
-208.5 593 -156.7
M M
(Ibf-in) (Ibfin) X
o] % ¢}
-4149
-2308 =
3336 -6343

(d) Combine the bending moments from both planésaid C to find the critical
location.

M, =+/(-3336] + (- 4149 = 5324 Ibfl in
M =+/(-2308} + (6343} = 6750 Ibfl in

The critical location is &. The torque transmitted through the shaft frdio B is
T =300cog 20p( 1p= 2819 I inFor a stress element on the outer surface vihere

bending stress and the torsional stress are botimum,

32(675
g=Me_32M _ (6759 _ 26 503 psi=35.2 kpsi Ans .
| m®  m1.25]
r= Tr_1er _ 16(2819): 7351 psi=7.35kpsi Ans .

T3 nd® T m(1.25y
(€)
2 2
_ 0, g, 2_35.2 35.2 2
g, 0, —?i [?j +(Txy) ——zi\/(—zj +(735)
0, =36.7 kpsi Ans .
o, =-1.47 kpsi Ans .

o\ 2 _ |(35.2 .
Tmax:\/(gj +(Txy) = (Tj +(7.35)2 =19.1kpsi Ans .
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3-73
@
> T =0=-11000(cos 20°)(308)F, (cos 25°)(150)

F;=22810N Ans.

(b)
> M, =0=-11000(sin 20°)(400) 22810(sin 25°)(75®., FOP

R.,=8319 N Ans.

> F, =0=R,,—-11000(sin20°} 22810sin(25%) 8319

R,, =5083 N Ans.

z My, =0=11000(cos20°)(406) 22810(cos25°)(75®., 5SQ@p
,=—-10830 N Ans.

z F,=0=R,,-11000(cos20°% 22810(cos25°) 10830

R,, =494 N Ans.

(©
y 494N 10337N 20673N 10830N
ul 400mm A 350 mm £ 300mmC ,l, 400 mm I35gmm 300 mm
. @)
T ===
5083 N 3762 N 9640 N 8319N
V(N) 0843
V(N)
5083 .
1321 0 ’
. L1521 . 494
-10830
-8319
y M 3249
Fi J-
il Sosz 2496 (N'm)
0
s "‘
o | x 1198

(d) From the bending moment diagrams, it is clear thatritical location is @ where
both planes have the maximum bending moment. Qandthe bending moments from
the two planes,

M =./(2496 +( 3249 = 4097 N m
The torque transmitted through the shaft frano B is
T =11000co$ 20 0)3= 3101M m

For a stress element on the outer surface whereethging stress and the torsional stress
are both maximum,
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= Mc_32m _32(4097
|  m® 7(0.050%
- Tr 16T _ 16(3101)_

—== _126.:(16) Pa& 126.3MPa Ans
J  ad®  m(0.050%

=333.916) P& 333.9 MPa Ans

(€)
2 2
_0, g, 2 _333.9 333. 2
0, 0y =% (7) +(r,) = > i\/[ > Ej +(126.3
o0, =376 MPa Ans .
o,=-42.4 MPa Ans.

oY 2 |(333.9Y
Tmax=\/(7) +(r,) = (Tj +(126.3° = 209 MPa  Ans .

3-74
(@)
(M, ),=6.1, - 3.8(92.8r 3.88(3628) 0 | , 808 bt

C,=287.2 Ibf Ans. 1 el
(ZM.),=6.13D, + 2.33(92.8) 3.88(362.8) 0 S,
D, =194.4 Ibf Ans.

928 Ibf 362.81bf

(M), =0 = c;%(sos): 500.9 Ibf Ans

C, 362.8 Ibf
_2.33

SM.) = D =5
(zMc),=0 = D, 6.13

(808)= 307.1 Ibf Ans .

(b) ForDQC, letx’, y’, z’correspond to the originaly, x, zaxes.

-
| E 362.8 Ibf 307.11bf 808 Ibf 500.9 Ibf
1194.4 Ibt l | 1 T

92.8 Ibf ,

x’ ¥

D 0 CT | D 0 C
287.2 1bf

v, Va 307.1

O x O x'

-194.4
-287.2 -500.9

M., i .

LA M, 307.1(3.8) = 1167 Ibf-in

287.2(2.33) = 669.2 Ibf-in

O |\ .\J (_) x’

-194.4(3.8) = -738.7 Ibf-in
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(c) The critical stress element is just to the righ®, where the bending moment in both
planes is a maximum, and where the torsional aral pads exist.

T =808(3.88F 3135 IbfJin

M =+/669.Z7 + 1167 = 1345 Ibfl in
_ 16T _ 16(3135)_
r=——-= =
md® n{1.13)
g, =% 32'\2 =+ 32(1345)_ +9495 psi Ans.
Jrte n(1.13)
og,= B 3628 . -362 psi Ans.
A (m/4)(113)

(d) The critical stress element will be where the legpdtress and axial stress are both in
compression.

11070 psi Ans.

0, . =-9495- 362= - 9857 psi

2
. \/(%57 +11076 = 12118 pst 12.1 kpsi Ans

max

2
0,,0,= 297, \/(_ 9857] +11076
2 2

0, =7189 psk 7.19 kpsi Ans .
0, =-17046 psFk - 17.0 kpsi Ans .

3-75 £ 406 1bf
(@ '
(zm,), =0

6.13C, - 3.8(46.6% 3.88(146) 0
C,=117.5Ibf Ans.

(Zm,), =0

-6.13D, - 2.33(46.6) 3.88(148) O
D, =70.9 Ibf Ans.

(ZM,), =0 = CZ:%MOG): 251.7 Ibf Ans.

233

SM.) = D =2°
(2Mc), =0 = D, 6.13

(406)= 154.3 Ibf Ans .
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(b) ForDQC, letx’, y’, z’correspond to the originaly, X, zaxes.

¥ . 154.3 Ibf 406 Ibf 251.7 1bf
140 Tbf
170.91bf l )
46.6 Ibf "
@ 0 C
D 0 C‘I
) 117.5 Ibf v, s
¥ Y
0 X' 0 ¥
-70.9
1175 2T
M, M, 154.3(3.8) = 586.3 Ibf-in
117.5(2.33) =273.8 Ibf-in
|\ , 9] .‘\"
0 %

-70.9(3.8) =-269.4 Ibf-in
(c) The critical stress element is just to the righ®, where the bending moment in both
planes is a maximum, and where the torsional aral kvads exist.
T =406(3.88F 1575 Ibflin
M =+/273.8 + 586.3= 647.1 1 in

r= 161; = 16(1275)= 8021 psi Ans.
d 77(1 )
g, =% 32“2' =+ 32(647.1)_ +6591 psi Ans.
d 77(13)
__F___ 140 -178.3 psi Ans.

R 2)(7)

(d) The critical stress element will be where the legpdtress and axial stress are both in
compression.

0, =—6591- 178.3 — 6769 psi

2
T =\/($} +802% = 8706 psk 8.71 kpsi Ans

2
0.0, = 5769, \/(— 6769J s 8021
2 2

0, =5321 psE 5.32 kpsi Ans .
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0, =-12090 psk - 12.1 kpsi Ans .

3-76 ) B _x
A
: .
y 92.8 Ibt
1.31in
92.8 Iht T 808 bt
362.8 Ibl
(IM;), =-5.62(362.8F 1.3(92.8) R = 0
A =639.4 Ibf  Ans.
(M), =-2.62(362.8F 1.3(92.8) B = 0
B, =276.6 Ibf Ans.
_ _5.62 _
(ZMg), =0 = A _T(sos)_ 1513.7 Ibf  Ans.
(=M,),=0 = B, :2'762(808): 705.7 Iof  Ans.
(b)
639.4 Ibf 308 Tbf 1513.7 Ibf
¥
P| 262 Ye—02810 B 92'81&13 2020
362.8 Ibf 4 3 in l‘ ;
E—>92.8Ibf 276.6 Ibf £08 T
¥ (Ibf)
¥ (Ib) 362.8 o
0 x
X
f -705.7
. M (Ibf-in) 27
M (Ib-in) 8228 i
9 ] x
-120.(6/ *

(c) The critical stress element is just to the lefApivhere the bending moment in both
planes is a maximum, and where the torsional aral kpads exist.
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T =808(1.3)= 1050 Ibflin

r =M= 7847 psi Ans.
n1{0.88)

M =/(829.8f + (2117} = 2274 Ibfl in

g, =% 32“2' =% 32(2274)_ +33990 psi Ans .
md® " n(0.88)

o,= P 928 . -153 psi Ans.
A (m/4)(0.88)

(d) The critical stress will occur when the bendimgss$ and axial stress are both in
compression.

o, =-33990- 153 - 34143 psi

max

2
0,,0,= ~34143, \/( - 3414? +7847F
2 2

0, =1717 psF 1.72 kpsi Ans .
o, =-35860 psF - 35.9 kpsi Ans .

Gear F 100 N-m
377 r
F T 100 =1600 N

v cl/2 - 0.125/2 Shaft ABCD

‘\ | F}E

2
= \/( 342143] +7847F = 18789 pst 18.8 kpsi Ans

F,=1600tan2G= 582.4 N
Tc = R (/2) =1600 0.250 P= 200 N m
p=—c =200 _s667 N

(a/2) (0.150
Z(MA)Z =0
450R,, - 582.4(325) 2667(75) O
Rpy =865.1N
> (Mp), =0=~450Ry, + 1600(325) = Ry, = 1156 N
> F,=0=R,, +865.1- 582.4 2667 = R, = 2384N
> F,=0=R,,+1156- 1600 = R,,= 444N
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AB The maximum bending moment will either beBadr C. If this is not obvious, sketch
the shear and bending moment diagrams. We wécdir obtain the combined moments
from each plane.

Mg = AB /F§y + R, =0.075/ 2384+ 444= 181.9N m
M. =CD /ng +Rp, =0.125/865.1+ 11586= 180.5N m

The stresses & andC are almost identical, but the maximum stressearcaid3. AnSs.

0 = 3727?33 3(25;3; 0?)) 68.610) P 68.6 MPa

_16T; _ 16(200) _
m® o 030°>

5= =37.7(16) P& 37.7 MPa

Ormax 78 JB 2 = 686 \/gej +37.72=85.3 MPa Ans .

Tmax:\/ % \/ +37 7% =51.0 MPa Ans .
Gear ' 100 N'm
3-78 r 62.5 mm
F = T = 100 =1600 N
c/2 0.125/2 Shaft ABCD

¥ | F, A £

F,=1600tan26= 582.4 N
T =R (b/2)=1600 0.250 = 200N m
Te _ 200 267N

582.4N

200 N'm

P= = =2667 N
(a/2) (0150 < o
[
1600 N 125 mm~ 4
N
RD:

> (M,), =0=45(R;, ~ 582.4(325) = Ry= 480

(M), =0=-45(Ry, + 1600(325) 2667(75p R,,= 71L1N

> F, =0= Ry, +420.6- 582.4 = Ry, =1618N

S F,=0=R,,+711.1- 1606 2667 = R,,=- 17781
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The maximum bending moment will either beBatr C. If this is not obvious, sketch
shear and bending moment diagrams. We will diyeatitain the combined moments
from each plane.

Mg = ABR, + R, =0.075/161.8+(- 1776 = 133.9N m
M. =CD /ng + R, =0.125/ 420.6+ 7113= 103.3N m

The maximum stresses occuBat Ans.
_ 32M ¢ _ 32(133.9):

0, 50.59 1¢) Pa 50.5 MPa
® B 7(0.036) 5{16)
. =16T§ __16(200) =37.7(1(?) Pa 37.7 MPa
m n(o.osc?)
2 2
Jmaxzﬁ"' s +T§ =£‘5+ i +37.77 = 70.6 MPa Ans .
2 2 2 2

2
= (STE’j +37.77 = 45.4 MPa Ans .

3-79 Gear F 900 Ibf-in
5in
=T 2990 _1gh (
c/2 10/2

F,=180tan20= 65.5 Ibf et ‘“’CD.\| Y
Tc =R (b/2)=180( % 2 = 450 Ibfin

150 bt

450 Ibf-in

65.5 Ibf
450 Ibf-in

180 Ibf 6"

>.(M,), =0=20R;,, - 65.5(14) 150(4)= Ry, = 75.9 Ibf

> (M A)y =0=-20R,, + 180(14) = Ry,= 126 Ibf
Y. F,=0=R,,+75.9- 65.5 150 = Ry = 140 Ibf
> F,=0=R,,+126- 180 = R,, =54.0 Ibf
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The maximum bending moment will either beBatr C. If this is not obvious, sketch
shear and bending moment diagrams. We will diyestitain the combined moments
from each plane.

Mg =AB R, + R, =4/140°+ 54 = 600 Ibflin

M.=CD./R: + R =6y75.%+ 126 = 883 Ibflin
c y ,

The maximum stresses occuiCat Ans.

_32M. _ 32(883)

O =3460 psi
© m® n{1.378)
o <16Tc _ 16(450) _ g0
7d® n(1.37§)
2 2
=% [ %) 72 =20 [ 399" 5670 st s
2 2
Tmax=\/ J—ch +73 =\/(£260j +8822 = 1940 psi Ans .

3-80

(a) RodAB experiences constant torsion throughout its leragtd maximum bending
moment at the wall. Both torsional shear stresslamding stress will be a maximum on
the outer surface. The transverse shear will bg srall compared to bending and
torsion, due to the reasonably high length to dianmtio, so it will not dominate the
determination of the critical location. The créistress element will be at the wall, at
either the top (compression) or the bottom (tenstonthey axis. We will select the
bottom element for this analysis.

(b) Transverse shear is zero at the critical stresaants on the top and bottom surfaces.

=Me_M(dr2) _3am _3A(209 ¢ 67 per 16.3 kpsi
| m*/64 (1)
_E_T(d/z)zlﬁrzle(g(

23 gd*/32  nd® (1)

200 _ .
— =5093 psi= 5.09 kpsi

— Tz = 5.09 kpsi

X
J | g, = 16.3 kpsi
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(©)

o, =17.8 kpsi Ans .
0,=-1.46 kpsi Ans.

2 2
T =\/[%] (1) =\/(£23’j +(5.09° = 9.61kpsi Ans .

3-81

(a) RodAB experiences constant torsion throughout its lerggtd maximum bending
moments at the wall in both planes of bending. hBotsional shear stress and bending
stress will be a maximum on the outer surface. tfdmesverse shear will be very small
compared to bending and torsion, due to the reédphagh length to diameter ratio, so
it will not dominate the determination of the ardl location. The critical stress element
will be on the outer surface at the wall, withdatgical location determined by the plane
of the combined bending moments. ;

critical in '

My = — (100)(8) = — 800 Ibf-in compression
M; = (175)(8) = 1400 Ibf-in M /&\

Mtot=\/M5+Mz2 Z_‘M‘ 0

= J(~800)° + 1406 = 1612 Iblin ‘ ¥ il
(M (800 Her M"
f=tan™| |—¥| |= tan'| —— |= 29.7°
M, 1400

The combined bending moment vector is at an arfgd® @° CCW from the axis. The
critical bending stress location, and thus theacaiitstress element, will be £90° from this
vector, as shown. There are two equally critita@ss elements, one in tension (119.7°
CCW from thez axis) and the other in compression (60.3° CW ftbez axis). We’'ll
continue the analysis with the element in tension.

(b) Transverse shear is zero at the critical stresaehts on the outer surfaces.

o m* /64 m?® n(1)3 '
:E:T(dlz)zleT:16(5)(17£)
J md*132 nd® n(1)3

=4456 psE 4.46 kpsi

——————

%
g, = 16.4 kpsi

~— 7 =446 kpsi
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(c)
2 2
g, 0, :%i (&\J +T2 :@i\/(%ﬂ +(446)2

o, =17.5 kpsi Ans .
0,=-1.13kpsi Ans.

2 2
= \/(%] i = \/(%4} +(4.46 = 9.33 kpsi  Ans .

(&) RodAB experiences constant torsion and constant axialde throughout its length,
and maximum bending moments at the wall from bddhgs of bending. Both torsional
shear stress and bending stress will be maximutheouter surface. The transverse
shear will be very small compared to bending amsido, due to the reasonably high
length to diameter ratio, so it will not dominate tdetermination of the critical location.
The critical stress element will be on the outefexe at the wall, with its critical
location determined by the plane of the combinettivey moments.

3-82

My = — (100)(8)— (75)(5) = — 1175 Ibf-in v

M; = (-200)(8) =-1600 Ibf-in Zﬁitical
I\/Itotz\llvlj-'-lvlz2 z / PP M,

I
=\/(—1175)2 +(-1600° = 1985 Ibfl in o

; |
J = taﬁl(1175j = 36.3° My_ _______ Mror

y

1600

The combined bending moment vector is at an arfgs®.@° CW from the negative

axis. The critical bending stress location will489° from this vector, as shown. Since
there is an axial stress in tension, the critit@ss element will be where the bending is
also in tension. The critical stress element&dfore on the outer surface at the wall, at
an angle of 36.3° CW from thyeaxis.

(b) Transverse shear is zero at the critical stresaeht on the outer surface.

z

@=tan* (

M. (d/2 32(198
Oy bend = MiC - E ) - 32M3‘°‘ _3 - i 20220 psE 20.2 kpsi
I ”® /64 d lT(l)
o LS = S 95.5 psi= 0.1 kpsiwhich is essentially negligible

x,axial — A - d? | 4 - 77(1)2 /4
O, =0, aia ¥ Oy peng= 20220+ 95.5 20316 psi  20.3 kpsi

-Tr 167 18090209 _ 505 per 5.00 kps
J m (1)
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X
J | o, = 20.3 kpsi

~— 7= 5.09 kpsi

o, =21.5 kpsi Ans .
0,=-1.20 kpsi Ans.

2 2
o= \/(%j i = \/(%3) +(5.09° =11.4 kpsi Ans .

3-83
T = (2)(200) = 400 Ibf-in
The maximum shear stress due to torsion occutseimiddle of the longest side of the
rectangular cross section. From the table on @, With b/c = 1.5/0.25 = 6¢ = 0.299.
From Eq. (3-40),
Toax = T 5= 400 =14 270 psk 14.3kpsi Ans .
abc®  (0.299(1.5( 0.25
3-84

(a) The cross section atwill experience bending, torsion, and transversmash Both
torsional shear stress and bending stress willrnexamum on the outer surface. The
transverse shear will be very small compared taliognand torsion, due to the
reasonably high length to diameter ratio, so it mat dominate the determination of the
critical location. The critical stress elementlwié at either the top (compression) or the
bottom (tension) on theaxis. We’'ll select the bottom element for thiglgsis.
(b) Transverse shear is zero at the critical stresaanmts on the top and bottom surfaces.
5 =Me_ M(d/2) _32m _32(13)( 250 _
< m*/64 md® 77(1)3
_Tr_T(d/2) _1er _16(19( 250

23 d* 132 mdP (1)’

28011 psk 28.0 kpsi

=15279 psF 15.3 kpsi

—

X
l | g, = 28.0 kpsi

—~— .= 15.3 kpsi
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(©)

O 0=k

0, =34.7 kpsi Ans .
0,=-6.7kpsi Ans.

2 2
o= \/(%j () = \/(ﬂzoj +(15.9° = 20.7 kpsi  Ans .

q
7 N\
N |Xq
N—
N
+
—_
~
IS
N—
N
Tl
)
N | O
o
I+
Q_
7\
)
o)
- ©
N
+
—_
H
ol
NSH
N

3-85
(&) The cross section atwill experience bending, torsion, axial, and trarse shear.
Both torsional shear stress and bending stresbwil maximum on the outer surface.
The transverse shear will be very small compardzetaling and torsion, due to the
reasonably high length to diameter ratio, so it mot dominate the determination of the
critical location. The critical stress elementlwié on the outer surface, with its critical
location determined by the plane of the combinettivey moments.

My = (300)(12) = 3600 Ibf-in »
= (250)(11) = 2750 Ibf-in I v

MZtot ,/M +M?

=J(3600° +( 2750° = 4530 Ibfl in

e
6= tan‘l( 2 J: taﬁ1£—2750j = 37.40 e

y 3600 critical
The combined bending moment vector is at an arfgsd d®° CCW from thg axis. The
critical bending stress location will be 90° CCW/rr this vector, where the tensile
bending stress is additive with the tensile axig@ss. The critical stress element is
therefore on the outer surface, at an angle oP37CW from thez axis.

(b)
o Mye M(d/2)_a2M,, 32453
xbend m* /64 md® n(1)

O, axial % ﬂdF;/ i ﬂ(3;0/4=382 psi= 0.382 kpsi

O, = O, i+ Oy pena= 46 142+ 382= 46524 psi 46.5 kpsi

_Tr _16T _16(12)( 259
J md? 77(1)3

46142 psk 46.1 kpsi

=15279 psk 15.3 kpsi
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X
' ' o, = 46.5 kpsi

—~— T =15.3 kpsi

(©)

o, =51.1 kpsi Ans .
0,=-4.58 kpsi Ans.

2 2
r o= \/(%] ir? = \/(%5) +(15.9° = 27.8 kpsi  Ans .

3-86
(&) The cross section atwill experience bending, torsion, axial, and trarse shear.
Both torsional shear stress and bending stresbwil maximum on the outer surface.
The transverse shear will be very small compardzetaling and torsion, due to the
reasonably high length to diameter ratio, so it mot dominate the determination of the
critical location. The critical stress elementlwié on the outer surface, with its critical
location determined by the plane of the combinettivey moments.

M, = (300)(12) — (=100)(11) = 4700 Ibf-in y
M, = (250)(11) = 2750 Ibf-in i i,

Mg =M7+M;

=J(4700° +(275)° = 5445 Ibf in

0= tan‘l[ :/I/I }= taﬁ1(2750j = 30.3° critical

4700
The combined bending moment vector is at an arfigh® 8° CCW from theg axis. The
critical bending stress location will be 90° CCWIrr this vector, where the tensile
bending stress is additive with the tensile axi@ss. The critical stress element is
therefore on the outer surface, at an angle oP30DAN from thez axis.
(b)
— Mtotc — MtOt (d / 2) — 32Mtot — 32( 5443 —

T =TT T 6 o (1)

4

y

55462 pskE 55.5 kpsi

X
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O, il = -5 Fy 300 =382 psi= 0.382 kpsi
A 7Td /4 lT(l) /4

O, =0, pia T Oy peng= DD 462+ 382 55844 psi  55.8 kpsi
_Tr _16T _16(12)( 259
3ol Ay

=15279 psk 15.3 kpsi

he—

X
J | o, = 558 kpsi

—~— 7 =153 kpsi

2 2
gy, 0'2:%1 (%\J +71° :—55281\/[_52i +(153)2

0, =59.7 kpsi Ans .
0,=-3.92kpsi Ans.

2 2
r o= \/(%j 472 = \/(izsj +(15.9° = 31.8 kpsi  Ans .

3-87

(a) The cross section atwill experience bending, torsion, and transverssash Both
torsional shear stress and bending stress willltnexamum on the outer surface, where
the stress concentration will also be applicaflee transverse shear will be very small
compared to bending and torsion, due to the redbphéggh length to diameter ratio, so

it will not dominate the determination of the ardl location. The critical stress element
will be at either the top (compression) or the twt{tension) on thg axis. We’ll select
the bottom element for this analysis.

(b) Transverse shear is zero at the critical stresa@hts on the top and bottom surfaces.

r/d=0.125/1= 0.125
D/d=15/1=1.5

K, orson =1-39  Fig. A-15-8

K peng =1.59 Fig. A-15-9

o, = Kt,bend¥ =K, ,bend% = (1.59)% = 44538 pst  44.5 kpsi
Tr 16T 16(12)( 250 _

I, = Kt,torsion_ = Kt,torsmn - (1 )7 21238 pSF 21.2 kpSI
J mmd®

(1)’
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X
l | a, =44.5 kpsi

~—— 7= 21 2 kpsi

(©)
2 , 445 |( 4457 2
0, 0,=%x (%] +(1,) =_21\/£_25j +(21.2

o, =53.0 kpsi Ans .
0,=-8.48 kpsi Ans.

2 2
Tmax:\/(%j () =\/(ﬂ2'5j +(21.9° = 30.7 kpsi  Ans .

3-88
(&) The cross section atwill experience bending, torsion, axial, and trarse shear.
Both torsional shear stress and bending stresbwil maximum on the outer surface,
where the stress concentration will also be applecaThe transverse shear will be very
small compared to bending and torsion, due toghsanably high length to diameter
ratio, so it will not dominate the determinationtioé critical location. The critical stress
element will be on the outer surface, with itsical location determined by the plane of
the combined bending moments.

My = (300)(12) = 3600 Ibf-in ” l
M, = (250)(11) = 2750 Ibf-in B

Mg = M7 +M]

=J(3600° +( 2750° = 4530 Ibfl in

Z
(2750
J = tanliﬁj = 37.4° critical

z

6= tan‘l( M
M

y

The combined bending moment vector is at an arfgdd d° CCW from theg axis. The
critical bending stress location will be 90° CCWIrr this vector, where the tensile
bending stress is additive with the tensile axi@ss. The critical stress element is
therefore on the outer surface, at an angle oP3ZGW from thez axis.

(b)
r/d=0.125/1= 0.125

D/d=15/1=1.5
K ..=175  Fig. A-15-7

K oeon=1.39  Fig. A-15-8
Kioeng=1.59  Fig. A-15-9

t,axial

Shigley's MED, 18 edition Chapter 3 Solutions, Page 69/100



453
Jx,bend: Kt ,bendlvllc Kt benfnzdg - (1 9)% 73366 pSF 73.4 kpS|

F 300 . .
O, wia = Ky aia—= = (1.75 = 668 psk 0.668 kpsi
,axial t,axial A ( )77'(1)2 /4
O, =0, aia ¥ O peng= 13366+ 668= 74034 psi  74.0 kpsi

= Kymar 3 = K oo = L3 30/ 0113250 _ 51 5ag psi 21.2 kpsi

(1)’

—_—

X

l | 0, = 74.()" kpsi

~——— 17 =21.2 kpsi

(©)

2 2
0, 0,2 % (%] e 4% (T4 1y

0, =79.6 Kkpsi Ans .
0,=-5.64 kpsi Ans.

2 2
Tmax:\/(%) +72 :\/(ﬂz-oj +(21.9° = 426 kpsi  Ans .

3-89
(a) The cross section atwill experience bending, torsion, axial, and trarse shear.
Both torsional shear stress and bending stresbeidl maximum on the outer surface,
where the stress concentration is also applicdlble.transverse shear will be very small
compared to bending and torsion, due to the reddphéggh length to diameter ratio, so
it will not dominate the determination of the adl location. The critical stress element
will be on the outer surface, with its critical &imn determined by the plane of the
combined bending moments.

My = (300)(12) — (~100)(11) = 4700 Ibf-in . -
M, = (250)(11) = 2750 Ibf-in Mror M,

Mtot \/M +M2

= /(4700 +( 2750° = 5445 Il in

B
M,
L(IM,|) (2750 :
H:tanl( v J— tanl(m)j— 30.3° eritical

y
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The combined bending moment vector is at an arfgh® 8° CCW from thg axis. The
critical bending stress location will be 90° CCW/r this vector, where the tensile
bending stress is additive with the tensile axi@ss. The critical stress element is
therefore on the outer surface, at an angle oP30AN from thez axis.
(b)

r/d=0.125/1= 0.125

D/d=15/1=15

K =1.75 Fig. A-15-7

K oeon=1.39  Fig. A-15-8
Ky pong =1.59 Fig.A-15-9

544
Jx,bendz Kt,bendl\/lIC Kt bendndg (1 9)% 88185 pSF 88.2 kpSI

t,axial

F 300

O, aiiat = K, aia—= = (1.75)——— = 668 ps+ 0.668 kpsi
e ( )n(l) /4

O, =0, aia T O peng= 88185+ 668= 88853 psi  88.9 kpsi

r= Kt torsionE = Kt tor5|on16r ( )M 21238 pSF 21.2 kpSl

’ J ’ d® ( )
J | 0p= 88.9xkpsi
~—— 7 =212 kpsi

(©)

0, =93.7 kpsi Ans .
0,=-4.80 kpsi Ans.

2 2
T max =\/(%) +72 =\/(—82'9j +(21.2° = 49.2 kpsi  Ans .
3-90

(@ M=F(p/4), c=p/4,1=bh*/12, b=rmd n, h=p/2
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PRI L B
| bh®/12 16(rmd,n)( p/2)° /12
g,=% 6F Ans.
.1 p
F F 4F
b) o, =-—=- - A
b) o, A md’/4 ns

Ans.

(c) The bending stress causes compression ir drection. The axial stress causes
compression in the direction. The torsional stress shears acrosg thee in the negative
direction.

=9

i

(d) Analyze the stress element from part (c) usingetipgations developed in parts (a) and (b).
d =d- p=15-0.25= 1.25in

6F 6(1500 _ .
=g,=- =- =-4584 psi =— 4.584 k
0T T n(1.29(3(0.25 P! ps!
4F _ 4(150 . .
0,=0,=- d? =- nEl.ZS?) = —-1222 psi == 1.222 kpsi
16T 16(23 . :
r,=-r,=- g =- ﬂ(§'25?) = —-612.8 psi=— 0.6128 kpsi

Use Eq. (3-15) for the three-dimensional stressetfd.

o' ~(-4.584-1.2230" +| (- 4584~ 1232(- 0618G0-[-(- 4364 o6fds O

0°+5.8060°+ 5.226 - 1.72¢ 0

The roots are at 0.2543, — 4.584, and —1.476. ,Thaordered principal stresses are
o1 = 0.2543 kpsig, = —1.476 kpsi, and; = — 4.584 kpsi. Ans.

From Eq. (3-16), the principal shear stresses are
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0,-0, _0.2543-(- 1.47§ _

Ty = > > =0.8652 kpsi Ans .
—o, (-1.476-(-4.58

[, =22 7, _(1479-(2 458 _ ) ooy ipsi Ans .
2 2
~0, 0.2543-(- 4.58

r,=" %= ( ¥ 2410 kpsi Ans .
2 2

3-91 As shown in Fig. 3-32, the maximum stresses oatthe inside fiber whenme=r;.
Therefore, from Eq. (3-50)

2 2
_ B Iy
Ut,max_ 2 2 1+_2

o N

2 2
_ B | _
Ur,max‘rzl_lz(l_%J‘_n Ans.
(o]

392 If p=0, Eq. (3-49) becomes

2 2.2 2
_ TRl TR, /T

2 2
ro _ri

2 2

- — pOrO 1+L

2 2 2
r,—r, r

The maximum tangential stress occursat;. So

0

2
__2DPyT,
,max 2 2

r.0 _ri

g, Ans

Foro,, we have

2 2.2 2
o __poro_ri Ifopo/r
ro 2_ .2
ro-r,

o

2 2

— poro L_l
-2 2 2
ro—ro\r

Sog, =0atr =r;. Thus atr =r,

2 2
I r=—r
Ur,max: fooz(l 20J:_po Ans
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3-93 The force due to the pressure on half of the spisaesisted by the stress that is
distributed around the center plane of the sptiglanes are the same, so

p(lT/ 4) d _ pd
md t 4t
The radial stress on the inner surface of thd ghels =—p Ans

(a-t)av = Jl = 02 = AnS.

394 o6i>0 >0
Tmax (O-t O-r)/z atr = r|

2_ .2 2
= p=kly _3 32 .78 (10 000)= 1597 psi Ans .

395 o6i>0 >0
Tmax (O-t O-r)/z atr = r|

A ]
2| r2-r? r.o)r, =,
/ ) /(25 4)10 - 917 mm

t=r,—r,=100-91.7= 8.3 mm Ans .

o

Ll
N

396 >0 >0
Tmax — (O-t O'r)/z atr = [

1| r?p r? r.’p. r 2 rp (r? rp
rm:—{—; R e B
2\ r; T, I, r. -, r, r, =, °r, r, =,

4%(500) .
=————>=4129 psi Ans.
4*-3.7% P

3-97 From Eg. (3-49) withp; = 0,
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2 2

g. = ——ro Po 1+r'_
t 2_.2 2
r, —r, r

2 2

g =-— ropo 1—L

r 2 _y2 r2
o] i

ot > 01 > oy, and since; ando; are negative,
Tmax — (O'r - O‘t)/z atr = lo

2 2 2 2 2
T :E - ropo 1_L + ropo 1+r_| - I’02p0 r_| - ribo
A T A A (R O A O U P 1 I e S O B e
2
(0]

-r.? F-2.75%
2 TmaX = 2
I 2.75

(10 000)= 1900 psi Ans .

3-98 From Eq. (3-49) withp; = 0,

ot > 01 > oy, and sinces; ando, are negative,
Tmax — (O-r - O't)/2 atr = lo

2 2 2 2 2
T :1 — ro po 1_L + ropo 1+r_| — r02po r_| - rii)o
B T e A (N O A O G e 1 I G S ) B e

(o] I (o] o 1

T 25(10
—— =100 [
(T * Po) (25+4)10
t=r,—-r,=100-92.8= 7.2 mm Ans .

=92.8 mm

3-99 From Eq. (3-49) withp = 0,

ot > 0 > oy, and sincer; andg; are negative,
Tmax — (O-r - O-t)/z atr = ro
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2 2 2 2 2
Tmaxzi — ro po l_L + ropo 1+r_| - r.ozpo r_| - ribo
2 rZ=r?U ) 2= AU ) or A A L) e

_3.75 (500)_

378 3629 psi Ans.

3-100 From Table A-205~490 MPa
From Eq. (3-49) witlp; = 0,

2 2
_ ro po ri
0 =% _3 1+
I I r

(o] I

Maximum will occur at =r;
0,12 -12) __[0.8(-490]( 25- 18)
;- 2(25)

__20p,

max — 2 2
r.0 _ri

0, = p,= =82.8 MPa Ans.

3-101 From Table A-20S,= 71 kpsi
From Eq. (3-49) witlp; = 0,

2 2
— r.o po r.i
o, = 2 _ 2(1+_2

- —r

(o] |

Maximum will occur ar =r;
2rp O a1 1) [0.8¢-72)(2- 0.75)
—__ o Mo = p0=_ ' > - — >
x 2(1%)

[o]

g,

t,max

=12.4 kpsi Ans.

2 2
r.0 _ri

3-102 From Table A-205~=490 MPa
From Eq. (3-50)

2 2
_ b I
0, = rz_rz(l-'-r_z
o] i

Maximum will occur ar =r;

o, :—rizpi (hﬁj _P\L*h) (roz +r‘2)

2 2 2 2
o i I ro =

o, (tZ-r? [0.8(490] (25- 18
— t,ma;( 0 . i ) :[ ( 21 ( ):105 MPa Ans.
r2+r, (25°+19°)
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3-103

From Table A-205,=71 MPa
From Eq. (3-50)

2 2

L p f
0= 142

r,—r, r

o |

N

Maximum will occur ar =r;

2 2 2 2
o - r.i pi 1+rL - pi (ro +ri )
t,max r2—r.2 r.l2 r 2_r 2

o i i (o] i

o p= O max(ls —1%) _[0.8(71] (£~ 0.75 L 15.9 ksi Ans
' rZ+r? (1*+0.75") ' '

3-104

The longitudinal stress will be due to the weighthe vessel above the maximum stress
point. From Table A-5, the unit weight of steelds 0.282 Ibf/irt. The area of the wall
is

Avan = (7714)(36F - 358.8) = 846. 5 iR

The volume of the wall and dome are
Viwall = Awai h = 846.5 (720) = 609.5 (Ipin°
Vaome= (277/3)(18CF — 179.28) = 152.0 (18) in®
The weight of the structure on the wall area attémk bottom is

W = )¢ Viora = 0.282(609.5 +152.0) (30= 214.7(16) Ibf

214.7 16
W 7( ):—254psi
A 846.5

The maximum pressure will occur at the bottomheftankp; = Kyaerh. From Eq. (3-50)

with r =r,
2 2 2 2
g = ri pi 1+rL - r.o +ri
U2 g2 r2 Y r 22
o} i i o} i

2
-| 62.4(55) ~™ 180°+179.25) _ o0 5710 pSANS .
144 ir? ||\ 186 - 179.25

r’p, r? 1 ft2 .
0 =——-|1-5%5 |=-p =-62.4(55 =-23.8psi Ans .
S —riz( rin B ( {144 inzj P

Note: These stresses are very idealized as tbedfdhe tank will restrict the values
calculated.

0'|:

Sinceo1 =2 0,2 03, 01 = 6, = 5708 psigs = g, = — 24 psi andi = g =— 254 psi. From
Eq. (3-16),
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_ 5708+ 254

Tys =2981= 2980 psi

Ty, - 5708+ 24, 2866~ 2870 psi Ans .
—-24+ 254 .

Tys = — =115 psi

3-105 Stresses from additional pressure are,

Eq. (3-51),
_ 50(179.28) _
(9 )sops = T80~ 17008 ~ 2963 Ps
()50 psi =— 50 psi
Eq. (3-50)

(0 ) _ 01802 +179.25
t/sopsi T8 - 179.25
Adding these to the stresses found in Prob. 3glds

=11 975 psi

g =5708 + 11 975 = 17683 psi = 17.7 kp#ns
0 =-23.8-50=-73.8psi Ans
a =-254 + 5963 = 5709 psiAns

Note: These stresses are very idealized as tbedfdhe tank will restrict the values
calculated.
From Eq. (3-16)

r,= 17 683+ 73.8 8879 psi

r,, =2 985 5709, 5987 psi Ans.
2

5709+ 23.8 _
Tys == =2866 psi

3-106 Sinces; ando; are both positive angl > oy
Tmax = (O.Y)max/2

From Eq. (3-55)¢g is maximum at = r; = 0.3125 in. The term

2
2
pwz(SWJ: 0.282 277(5009 (3* 0'293:82.42 Ibf/in
8 ) 38| 60 8
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(0,),  =82.42 0.3128+ 2.7%+(0'312§)(2'7%)—“3(0'292)( 0.3125
max 0.3125% 3+0.292

=1260 psi

Tax = &260: 630 psi Ans.

Radial stress:

_ (2 2 LTy
ar—kLri +y — —rJ
Maxima:

ddar k[2' 0 2rJ—o = r=.Jrr, =./0.3125(2.75F 0.927 in

0.3125?( 2.78)
927

(0,)  =82.42 03125+ 2.75- 0.92
' /max

=490 psi Ans.

3-107 w = 277(2000)/60 = 209.4 rad/sp = 3320 20 kg/r) v=0.24,r; = 0.01 my,=0.125m
Using Eq. (3-55)

:3320(209.43(%;)'24)[ (0.0f+ (0.128% (0.1%5 1; 3(()0214( 0)6} %)

=1.85 MPa Ans.

3-108 w = 277(12 000)/60 = 1256.6 rad/s,
(5/16)

" 386(116(77 A( 8- 078

=6.749( 104) Ibfo2 / id

The maximum shear stress occurs at bore wheke= ¢; /2. From Eq. (3-55)

(q)maX=6.749(10411256.)5(3+§'20j{ 0375 25 2.51;3—((;)2%0) (03?}5)

= 5360 psi

Tmax= 5360/ 2 = 2680 psi Ans
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3-109 w = 2/7(3500)/60 = 366.5 rad/s,
mass of blade m = pV = (0.282 / 386) [1.25(30)(0.125)] = 3.425{3)0bfE¥in

i

F=(m/2) o )
= [3.425(10%/2]( 366.5)(7.5) F <=3 & b
= 1725 Ibf I 7.5m |

Anom= (1.25- 0.5)(1/8) = 0.093 75 fn
Orom = FI Anom= 1725/0.093 75 = 18 400 psAns.

Note: Stress concentration Fig. A-15-1 gies: 2.25 which increases,ax and fatigue.

3-110 v=0.292E =207 GPa; = 0,R= 25 mm/}, =50 mm
Eq. (3-57),
_207(16 p| (0.05- 0.025 )(0.025
- 2(0.025% [ (0.08- 0)
wherep is in MPa andis in mm.

T(lo*’) =3.105(109 (O

Maximum interference,

Ornax =%[50.042— 50.000f 0.021 mm Ans
Minimum interference,

o :%[50.026— 50.025F 0.0005 mm Ans

From Eqg. (1)
Pmax = 3.105(18)(0.021) = 65.2 MPa Ans

Pmin = 3.105(16)(0.0005) = 1.55 MPa Ans

3-111 v=0.292E =30 Mpsi,ri=0,R=11in,r,=2in
Eq. (3-57),
300 p| (Z-%)E-o0
p= 3
2(T) (Z-0)
wherep is in psi andis in inches.

ﬂ =1.12516 p )

Maximum interference,
Ornax :%[2.0016— 2.0000F 0.0008 in Ans .

Minimum interference,
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Orin :%[2.0010— 2.0010F 0 Ans.
From Eq. (1),
Pmax = 1.125(16)(0.0008) = 9 000 psi Ans

Pmin = 1.125(16)(0) =0  Ans

3-112

v=0.292E =207 GPar; = 0,R=25 mmy, =50 mm

Eq. (3-57),
_207(16 Y| (0.05- 0.025 )(0.025
- 2(0.025i[ (0.08— 0)
wherep is in MPa andis in mm.

Maximum interference,

Ornax =%[50.059— 50.000F 0.0295 mm Ans
Minimum interference,

O :%[50.043— 50.025F 0.009 mm Ans

From Eq. (1)
Pmax = 3.105(16)(0.0295) = 91.6 MPa Ans

Pmin = 3.105(18)(0.009) = 27.9 MPa Ans

Tfloﬂ) =3.105189 (1)

3-113

v=0.292E =30 Mpsi,ri=0,R=1in,r,=2in
Eq. (3-57),
3006 Y[ (2-2)@- 0
p= 3
2(I') (2-0)
wherep is in psi andis in inches.

ﬂ=1.125(16 p

Maximum interference,
O =%[2.0023— 2.0000¥ 0.00115in Ans

Minimum interference,

3. :%[2.0017— 2.0010F 0.00035 Ans .

From Eq. (1),
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Pmax = 1.125(10)(0.00115) = 12 940 psi Ans

Pmin = 1.125(16)(0.00035) = 3 938 Ans

3-114

v=0.292E =207 GPar; = 0,R=25 mmy, =50 mm
Eq. (3-57),
20700 Y| (0.05- 0.025 )(0.025
- 2(0.025§ [ (0.08- 0)
wherep is in MPa andis in mm.

Maximum interference,
Ormax =%[50.086— 50.000f 0.043 mm Ans
Minimum interference,

Orin =%[50.070— 50.025F 0.0225 mm Ans

From Eq. (1)
Pmax = 3.105(16)(0.043) = 134 MPa Ans

Pmin = 3.105(16)(0.0225) = 69.9 MPa Ans

?(10'9) =3.105(10 9 (U

3-115

v=0.292E =30 Mpsi,ri=0,R=11in,r,=2in
Eq. (3-57),
:30(16 Y| (Z-%)E-0
P 2(2%) (Z2-0)

wherep is in psi anddis in inches.

1:1.125(16 p

Maximum interference,
Ornax :%[2.0034— 2.0000F 0.0017 in Ans .

Minimum interference,

Oin :%[2.0028— 2.0010% 0.0009 Ans .
From Eq. (1),
Pmax = 1.125(16)(0.0017) = 19 130 psi Ans

Pmin = 1.125(16)(0.0009) = 10 130 Ans

(@)
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3-116 From Table A-5E; = Eo = 30 Mpsi,V=1, =0.292. r;=0,R=1in,ro=15in
The radial interference ié:%(2.002— 2.000= 0.001in Ans .

Eq. (3-57),

_ Eg{(roz—Rz)(Rz—qz)]ZBO(loe) o.oo{( 18- 9( + )o]

2R? 2_r? 2(7) (1.8-49

—r

(o] 1

=8333 psi= 8.33 kpsi  Ans .

The tangential stresses at the interface for theriand outer members are given by Egs.
(3-58) and (3-59), respectively
2
AN E = —(8333)— - 8333 psi - 8.33 kpsiAns

2

2
(8333)L 21670 psk 21.7 kpsiAns

(q)0|r:R -

o

3-117 From Table A-5E; = 30 Mpsi,E, =14.5 Mpsi,v =0.292, v, =0.211.
=0,R=1in,ro,=1.5in

The radial interference iéz%(2.002— 2.000= 0.001in Ans .
Eq. (3-56),

p:RFLrOZJrRZ*V}1(RZ+E2‘V'H
Elr-R °) B\R-

o= 0.001
1 1.5+7F 1 £+ G
1 0.211] - 0.29
[14.5(1(5)(1.52—12 * j+ 3¢ 16)( t- @ %]

The tangential stresses at the interface for theriand outer members are given by Egs.
(3-58) and (3-59), respectively

2
E = (4599)— ~ 4599 psi Ans .

=4599 psi Ans.

(a-t)l |r:R =P

2 2 2 2
AN p%= (4599)% = 11960 psi Ans .

3-118 From Table A-5F; = E; = 30 Mpsi,V =1, =0.292. r;i=0,R=0.5in,ro=11in
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The minimum and maximum radial interferences are

O :%(1.002— 1.002= 0.000in Ans .

JmaX:%(l.OOS— 1.00)= 0.001in Ans .

Since the minimum interference is zero, the mininprassure and tangential stresses are
zero. Ans.

The maximum pressure is obtained from Eq. (3-57).

_ EJ[(FOZ—RZ)(RZ_ F2)]

P="m 2o
_30(16) 0.001( 1- 03( 0% ) 90500 sl Ans
P= 2(0.5) [ (£-4 i_ i

The maximum tangential stresses at the interfacth&inner and outer members are
given by Egs. (3-58) and (3-59), respectively.
2 2
@i .. —pR ML (22500)M — 22500 psi Ans .

r2+R2
(G)o). - = —R—(zz 500)7 37500 psi Ans .
"~ r

o

3-119

From Table A-5E; = 10.4 Mpsi,E, =30 Mpsi, v =0.333, 1, =0.292.
rr=0,R=1in,ro=1.51n

The minimum and maximum radial interferences are

3. =%[2.003— 2.002E 0.0005 in Ans .

53X=%[2.006— 2.000E 0.003in Ans .

Eq. (3-56),
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p=R1 r02+R2+V +i R2+r2_v
El-R ) BIR-P

p:
1 (15+% 1 i+ 0
1[30(1(9) (1.52 _g" 0'292} 104 16)( -6 0'33}]

p=6.229( 1(9)5 psi  Ans.
Puin = 6.22916) 3, = 6.22f 109( 0.0095 3114.6 psi 3.11 kpsAns.

Prax =6.22916) 5, = 6.220 10( 0.00% 18687 psi 18.7 kpsAns

The tangential stresses at the interface for theriand outer members are given by Egs.
(3-58) and (3-59), respectively.
Minimum interference:

R2 +? )
(Ut)i|m,n = pm.n ——( 11)7 -3.11kpsi Ans .
ry +R 1.5+ :
(0ol = Prin->——5 N = (3. 11)? 8.09 kpsi Ans .
Maximum interference:
2 2
AN pmaxi +: -(18 7)ﬂ —18.7 kpsi Ans .
r>+ 1.5+ .
(0 o)nax = Prna r°2 =(18. 7)— 48.6 kpsi Ans .

3-120 d =20 mm,r, = 37.5mm, = 57.5 mm

From Table 3-4, foR= 10 mm,
r,=37.5+ 10= 47.5 mm

10°
=46.96772 mm
(47 5-/ 475 16)
e=r—r =47.5- 46.96772 0.53228 mm
c=r- ri = 46.9677- 37.5 9.4677 mm
¢, =1, —r =57.5- 46.967% 10.5323 mm

A=7d? [ 4= 77(20Y / 4= 314.16 mrh
M = Fr_ =4000(47.5F 190000 Nl mm

Using Eq. (3-65) for the bending stress, and compiwith the axial stress,
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_F Mg _ 4000 190 000(9.4677)

i =300 MPa Ans.
A Aer - 314, 16 314.16(0.53228)(37.5)

_F Mc, _ 4000 190 000(10.5323) _

o

=-195 MPa Ans.
A Aer 314.16 314.16(0.53228)(57.5)

3-121 d=0.75in,r = 1.25inf, = 2.0 in
From Table 3-4, foR = 0.375 in,
r. =1.25+ 0.375 1.625 in
_ 0.375
2(1.625—\/ 1.625- 0.372'%

= -1 =1.625 1.6030% 0.02193 in

r -1 =1.60307- 1.25 0.35307 in
c,=1,—r,=2.0-1.6030% 0.39693 in
A=7d?/ 4= m(0.75f /4= 0.44179 ih
M = Fr,_=750(1.625) 1218.8 Ib in

Using Eq. (3-65) for the bending stress, and compiwith the axial stress,

_F Mg _ 750 , 12188(035307) _.ioa0 0k 57 kpsi Ans .
AT Aer 044179 0.44179(0.02193)(1.25)

_F_Mc, _ 750 _  1218.8(0.39693) _ 4.6, ok — 23.3 kpsi Ans .
A Aef 044179 0.44179(0.02193)(2.0)

=1.60307 in

e B¢

o

3-122 d=6 mm,r = 10 mmy, = 16 mm
From Table 3-4, foR=3 mm,
r, =10+ 3=13 mm

3
(13_\/m) 12.82456 mm
e=r —r,=13-12.82456- 0.17544 mm
C =1, -1 =12.82456- 16- 2.82456 mm
c,=r,—r,=16-12.82456- 3.17544 mm
A=md* /4= m(6) | 4= 28.2743 mrh
M =Fr, =300(13)= 3900 Nl mm

Using Eq. (3-65) for the bending stress, and campiwith the axial stress,
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o=Fs Mc _ 300 ,  3900(2.82456) _,anyio. ane
A Ael 28.2743 28.2743(0.17544)(10)

_F _Mc, 300 3900(3.17544)

=-145 MPa Ans.
A Aey, 28 2743 28.2743(0. 17544)(16)

o

3-123 d=6 mm,r, = 10 mmy, = 16 mm
From Table 3-4, foR=3 mm,
r, =10+ 3= 13 mm

(13 \/1327) =12.82456 mm
e=r—r =13-12.82456= 0.17544 mm
C =1, -1 =12.82456- 1= 2.82456 mm
C,= O—rn =16-12.82456- 3.17544 mm
A=md® /4= m(6) | 4= 28.2743 mrh

The angled of the line of radius centers is

. _1( R+d/2j_ . _1( 10+ 6/2)_
g=sin”| ——— |=sin"| ————— | =
R+d+R 10+ 6+ 10
M =F(R+d/2)sind=30q 16- 6/ sin30= 1950 mm

Using Eq. (3-65) for the bending stress, and compiwith the axial stress,

- Fsing  Mc _300sin30  1950(2.82456) _. < yiba Ans.
A Aer 28.2743  28.2743(0.17544)(10)

= Fsind Mc, _ 300sin30 _ 1950(3.17544) — 797 MPa Ans .
A Aer 28.2743 28.2743(0.17544)(16)
Note that the shear stress due to the shear ®msErd at the surface.

3-124 d=0.25in,r = 0.5iny, = 0.75n
From Table 3-4, foR = 0.125 in,
r.=0.5+0.125 0.625in
0.125
(o 625-1/0.625- 0.179
e=r—-r,=0.625- 0.618686 0.006314 in
C=

L=
= - ri:0.618686- 0.5 0.118686 in
c,=r —-r,=0.75- 0.618686 0.131314 in

=0.618686 in
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A=7d? [ 4=71(0.25] /4= 0.049087 ih
M = Fr, = 75(0.625)= 46.875 Ibfl in

Using Eqg. (3-65) for the bending stress, and compiwith the axial stress,

: F MG __ 75 + 46.875(0.118686) =37 428 psk 37.4 kpsi Ans .
A Aer © 0.049087 0. 049087(0.006314)(0.5)
_F _Mc, 75 46.875(0.131314)

5 =-24952 psk - 25.0 kpsi Ans .
A Aeg 0 049087 0. 049087(0.006314)(0. 75)

3-125 d=0.25in,; = 0.5iny, = 0.751n
From Table 3-4, foR = 0.125 in,
r. =0.5+ 0.125 0.625 in
0.125
(o 625~ 0.625- 0.12?'%

e=r —r =0.625- 0.618686 0.006314 in

¢ =1 —-r =0.618686- 0.5 0.118686 in
c,=r,-r,=0.75- 0.618686 0.131314 in
A=rd*/4=m(0.25f /4= 0.049087 ih

The angled of the line of radius centers is
stin‘l( R+d/2 j _ sin‘l( 0.5+ 0.25/23 _

R+d+ R 0.5+ 0.25+ 0.

M =F(R+d/2)sind= 75 0.5+ 0.25/p sin3G 23.44 Ibf in

=0.618686 in

Using Eq. (3-65) for the bending stress, and compiwith the axial stress,

= Fsmé?+ Mc _ 75sin 30 23.44(0.118686) 18716 psk 18.7 kpsi Ans .
A Aer ) 049087 0.049087(0.006314)(0.5)
_F sing Mc0 75sin 30 23.44(0.131314)

5 12 478 psk— 12.5 kpsi Ans.
A Aey, ~0.049087 0. 049087(0.006314)(0. 75)

Note that the shear stress due to the shear om0 at the surface.

3-126

_, [3(4)][0.5(0.1094) _
| (o 75)( 0.1093) /12
(b) ri=0.125inf, =r; +h=0.125 + 0.1094 = 0.2344 in
From Table 3-4,

(@ o= +

=+8021 psi=+ 8.02 kpsi Ans .
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r.=0.125+ (0.5)(0.1094F 0.1797 in

ro= 0.1094 =0.174006 in
In(0.2344/0.125)

e=r—r =0.1797- 0.174008 0.005694 in
G =r -1 =0.174006- 0.125 0.049006 in
c,=r,—r,=0.2344- 0.174006 0.060394 in
A=bh=0.75(0.1094} 0.08208?

M =-3(4)=-12 IbfCn

The negative sign on the bending moment is dukd®ign convention shown in Fig. 3-34. Using

Eq. (3-65),
g =M “12(0049006) __ .4 470 psi— 10.1kpsi Ans .
Aer  0.08205(0.005694)(0.125)
g,=- Me, __ ~12(0.060394) =6618 psk 6.62 kpsi Ans .
Aer  0.08205(0.005694)(0.2344)
© Kk =2="201_15 ans
o -8.02
=9%2852_4g55 Ans
o 8.02

3-127

Me_, [3(4)][0.5(0.1406) =+4856 psik + 4.86 kpsi Ans .
| (0.75) 0.1408) /12

(b) ri=0.125inr,=ri +h=0.125 + 0.1406 = 0.2656 in

From Table 3-4,
r. =0.125+ (0.5)(0.1406F 0.1953in

(= 01400 _4 1g6550in
In(0.2656/ 0.125)

e=r -r =0.1953- 0.186552 0.008748 in
¢ =r —r =0.186552 0.125 0.061552 in
c,=r -r =0.2656- 0.186552 0.079048 in
A=bh=0.75(0.1406)} 0.10548

M =-3(4)=-12 IbfCn

(@ o=+

The negative sign on the bending moment is dukd®ign convention shown in Fig. 3-34. Using
Eqg. (3-65),
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g =M __ “120081552)  _ g/06 i~ 6.41 kpsi Ans .
Aer  0.10545(0.008748)(0.125)

g,=- Me, __ ~12(0.079048) =3872 pskE 3.87 kpsi Ans .

Aer  0.10545(0.008748)(0.2656)

© K =2="5%_13 ans
~4.86

K =2%=387_580 Ans.
o 4.86

3-128

@ o= iw =+ [3(4)][0.5(0.1099) =+8021 psi + 8.02 kpsi Ans .
| (0.75) 0.1093) /12

(b) ri=0.25Inf,=ri+h=0.25+0.1094 = 0.3594 in
From Table 3-4,
r. =0.25+ (0.5)(0.1094F 0.3047 in

(= 01094 435130800
In(0.3594/ 0.25)

e=r -r =0.3047- 0.301398 0.003302 in
¢ =r -r =0.301398- 0.25 0.051398 in
c,=r,-r =0.3594- 0.301398 0.058002 in
A=bh=0.75(0.1094F 0.08205 fn

M =-3(4)=—-12 IbfCin

The negative sign on the bending moment is dukdsign convention shown in Fig. 3-34. Using

Eq. (3-65),
g =M __ 12(0.051398) _ 405 o — 911 kpsi Ans .
Aer  0.08205(0.003302)(0.25)
g,=- M, __ ~12(0.058002) =7148 psk 7.15 kpsi Ans .
Aer  0.08205(0.003302)(0.3594)
© K =2=2_144 ans
o -8.02
=% ="15 589 Ans
o 8.02

3-129 ri=25mm,ro=ri+h=25+87 =112 mmy.= 25 + 87/2 = 68.5 mm
The radius of the neutral axis is found from E368), given below.
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R W
" [(davy)
For a rectangular area with constant widtithe denominator is

.L (b?rj bin r_

Applying this equation over each of the four regialar areas,

j— —Q(In—j ](In%;j+ 3{ I%J s{ In%j 16.3769
A=2[20(9)+ 31(9.5)= 949 mfn

oA 949
" [(dAsr) 163769

=57.9475 mm

e=r -1 =68.5- 57.9475 10.5525 mm
¢ =1 —r =57.9475 25 32.9475 mm
c,=1,—r,=112- 57.9475 54.0525 mm

M = 150F, = 150(3.2) = 480 khNnm

We need to find the forces transmitted throughstéaion in order to determine the axial
stress. It is not immediately obvious which plaheuld be used for resolving the axial
versus shear directions. Itis convenient to heeptane containing the reaction force at
the bushing, which assumes its contribution resoérgirely into shear force. To find the
angle of this plane, find the resultant Bf andF..

F. =F,+F,, =2.4cos60+ 3.2cos& 4.40 kN

Fy = Fly + F2y =2.4sin60+ 3.2sin0= 2.08 kN 480 kNemm
/&27 1bf

1.97 Ibf ~
4.87 Ibf

On the surface 25.3° from the horizontal, find ititernal forces in the tangential and
normal directions. Resolvirg into components,

25.3°
=(4.40 + 2.08)"" = 4.87 kN

This is the pin force on the lever which acts ohraction

F
H:tan‘le: tan Z—Zg— 25.3

X

F, =2.4coq 60— 25:3= 1.97 kN
F,=2.4sin( 60~ 25.3= 1.37 kN

The transverse shear stress is zero at the indevwder surfaces. Using Eq. (3-65) for
the bending stress, and combining with the axiakstdue té,
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. 3200)(159] (32.9475
g = Foy Mo 1370, [(3200(159] ( ) 6a.6 MPa Ans .
A" Aer 949 949(10.5525)(25)

: _F,_Mc, _1370_ [(3200)(159] (54.0525) 217 MPa Ans |
A Aer 949  949(10.5525)(112)

3-130 ri=2in,r,=ri+h=2+4=6in,r,=2+0.5(4)= 4 in
A=(6-2-0.75)(0.75F 2.4375in

Similar to Prob. 3-129,

9A 07513825, 07518 = 0.682 9201n
‘ 4.375
A 24375

r = =3.56923 in
[(@Asr) 0.682920

e=r-r =4-3.56923 0.43077 in
c=r -r =356923 2= 1.56923 in
C,=r,—r,=6-3.56923= 2.43077 in
M = Fr, =6000(4)= 24000 IbfJin

Using Eqg. (3-65) for the bending stress, and compiwith the axial stress,
_F Mc _ 6000 24 000(1.56923) _
o + + =

= — 0396 psFk 20.4 kpsi Ans .
A Aer 24375 2.4375(0.43077)(2)
o = F _Mc, _ 6000  24000(2.43077)_

= =-6 799 psi= - 6.80 kpsi Ans .
A Aer 2.4375 2.4375(0.43077)(6)

3-131 rr=12in,ro=ri+h=12+3=15inf, =12+ 3/2=13.5in

=77:a3b:7—i(1.53)(0.75): 1.988 if
A= r7ab= 71(1.5)(0.75)= 3.534
M =20(3+ 1.5)= 90 kigJin

Since the radius is large compared to the crogmseassume Eq. 3-67 is applicable for
the bending stress. Combining the bending stresshenaxial stress,

g =F Mo _ 20  90AD)U3D) g 4 nsi Ans.
A" Ir 3534 (1.988)(12)

o =F Mo 20 900538 oo
A Ir, 3534 1.988(15)
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3-132 r=125in,r,=ri+h=125+05+1+05=3.25in
re=(ri+ro) /2= (1.25+ 3.25)/2=2.25in Ans.

r

For outer rectangle{,fd—Aj =blin o
rg

r.2

A }: -
flowa |, o) |
D[J.dTAL =271(r, —\r2 —r?)

Combine the integrals subtracting the circle friwa tectangle

For circle,[

J.——l 251n 3—2:— 2n( 225\ 2.25- o.ﬁ: 0.840 904 in

A=1.25(2)- (0.8 F 1.71460 1 Ans .
A _ 1.71460
Z [(darn) ~0.840904

=r-r =225 2.039G¢ 0.2110in Ans .
=1, -1, =2.0390- 1.25 0.7890 in
=r,-r,=3.25- 2.0396= 1.2110in
=2000(4.5+ 1.25 0.5 0.5 13500 Ibf in
Mg _ 2000 13500(0.7890)

=2.0390in Ans.

ZOO _O ('D

S

=20720 psi = 20.7 kpsi Ans .
Aer 1. 7146 1.7146(0.2110)(1.25)

F
A
, -F_Mc, _ 2000 13500(1.2110)
A

o]

= -12738 psi=- 12.7 kpsi Ans .
Aef 1.7146 1.7146(0.2110)(3.25)

3-133 From Eq. (3-68),
o3y e
a= KF"*=FY {(8] 2(1d)

Usev =0.292F in newtonsE in N/mnt andd in mm, then

1/3
K = {(gj [(1- 0.2912; ;(/)207 ooo}  0.03685

From Eq. (3-69),

3F 3F _F F

Prax = 52 ~ 27(KE™Y 27K’ 27(0.03685)

=352F"® MPa
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From Eq. (3-71), the maximum principal stress os@ur the surface whers= 0, and is

equal to Pmax
0,0 =0,=—P,=—352F"° MPa  Ans.

From Fig. 3-37,

r...=03p__ =10 MPa  Ans.

3-134 From Eg. (3-68),

. J(S—Fj (1-v) B+ (1-vi) [,

8 Yd, +1d,
. i/(?,(;Lo)j(l—o.zgz)/( 20; c;c;?:g 410 038y 7L7po o
From Eq. (3-69),
o= =209 g7 5 pa

2713’ 2n(o.0996)

From Fig. 3-37, the maximum shear stress occuadapth oz = 0.48a.
z=0.48a= 0.44 0.099p= 0.0475 mm Ans

The principal stresses are obtained from Eqgs. §3&i@ (3-71) at a depth afa= 0.48.

] 1
g, =0, =—487.2{[ + 0.48tart( 1/0.48( + 0.3)33m} =- 101.3 MPa
o, =282 _ _396.0 MPa
1+0.48

From Eq. (3-72),

_o0,-0, _(-101.3-(-396.0
e 2 2
Note that if a closer examination of the applicépibf the depth assumption from Fig. 3-
37 is desired, implementing Egs. (3-70), (3-71Y €é3t72) on a spreadsheet will allow
for calculating and plotting the stresses versagipth for specific values of Forv =

0.333 for aluminum, the maximum shear stress ocuasdepth of = 0.492 with 7ax
= 0.3025pmax

T =147.4 MPa Ans.
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This giveSrnax = 0.3025max = (0.3025)(487.2) = 147.38 MPa. Even though tetldl
assumption was a little off, it did not have sigraht effect on the the maximum shear
stress.

3-135 From the solution to Prob. 3-13#= 0.0990 mm an®max= 487.2 MPa. Assuming

applicability of Fig. 3-37, the maximum shear strescurs at a depth o= 0.48a =
0.0475 mm. Ans.

The principal stresses are obtained from Eqs. {30 (3-71) at a depth afa= 0.48.

_ . 1 _
o, __—487.2 _ -396.0 MPa
1+0.48

From Eq. (3-72),
L 0705 (-92.09 - (-396.0
e 2 2
Note that if a closer examination of the applic&pibf the depth assumption from Fig. 3-
37 is desired, implementing Egs. (3-70), (3-71Y €é3+72) on a spreadsheet will allow
for calculating and plotting the stresses versagitpth for specific values of Forv =

0.292 for steel, the maximum shear stress occuaslapth oz = 0.47& with 7. =
0.3119Pmax

=152.0 MPa Ans .

3-136

From Eq. (3-68),

:i/ 3F)2(1-v) JE
2 [sj Vd,+1d,
az?/(g(zo)j 2(1-0.293)/( 207 00p_ 01258 mm

8 1/ 30+ Joo

From Eq. (3-69),
3F _ 3(20
2’ 271{0.1258)

=603.4 MPa

pmax =

From Fig. 3-37, the maximum shear stress occuasdapth of
z=0.48a= 0.4 0.1258= 0.0604 mm Ans

Also from Fig. 3-37, the maximum shear stress is
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7. =03p,, = 0.3(603.4F 181MPa Ans

3-137 AluminumPlate-Ball interface: From Eq. (3-68),

a:i/(g_pj(l—vf)/Eﬁ(l—V;)/Ez

8 Yd, +1d,
3F \(1-0.292)/| (39( 10) |+ + 0.333/|( 104 1 Nevs
azi/(?j( )/1(39( 2/]1+(Ioo Y( 196 1p =3.517(10°)F** in

From Eq. (3-69),

_ 3F _ 3F

- 2 = 2
2m8° 273517 10°)F°]

By examination of Eqgs. (3-70), (3-71), and (3-12¢an be seen that the only difference

in the maximum shear stress for the plate and allenill be due to poisson’s ratio in Eq.

(3-70). The larger poisson’s ratio will create greater maximum shear stress, so the

aluminum plate will be the critical element in timserface. Applying the equations for
the aluminum plate,

=3.86( 10)F"* psi

Jl=—3.86(ld)F1’3{[l— 0.48tart( 1/0.49( os)eeﬁ} - 8025 psi

2(1+ 0.48
-3.86( 1) F*?
g, =
° 1+0.48

=-3.137(10)F** psi

From Eq. (3-72),
o -0, (-8025) —(— 3.131 10) F1’3)

T = 5 =1.167( 10)F"° psi
Comparing this stress to the allowable stresssahdng forF,
3
1.167( 10)

Table-Ball interface: From Eq. (3-68),

azi/(ﬁj(l—o.zgz)/[( 39( 16)|+( = 0.28)/[( 146 1p 330 10°) i

8 Y1+ Yoo

From Eq. (3-69),
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Prnax = 3F - 3 =4.369 10)F"° psi

- 2
27" 2n] 3.304 16°) < |
The steel ball has a higher poisson’s ratio tharcttst iron table, so it will dominate.

01:—4.369(16)F1’3{[1— 0.48tart( 1/0.3§( +1 o.mzm}:_ 8E88  psi

_ -4.369 10)F"°
% 1v048

=-3.551 10)F"* psi

From Eq. (3-72),
_0.-0, (-825%")-(-3.55{ 10)F*

— 1/3 H
T 5 5 —1.36:{ 16) FY psi
Comparing this stress to the allowable stresssahdng forF,
3
_| 20000 | _5 16 0f
1.364 10)

The steel ball is critical, witk = 3.16 Ibf.  Ans.

3-138 v, = 0.333,E; = 10.4 Mpsi) = 2 in,d; = 1.25 in,v, = 0.211,E, = 14.5 Mpsigd, = =12 in.
From Eq. 3-73, witth = KF?

71(2) 1/1.25+ 1(- 12

=2.593 10")

By examination of Eqgs. (3-75), (3-76), and (3-17¢an be seen that the only difference
in the maximum shear stress for the two materidldoe due to poisson’s ratio in Eq. (3-
75). The larger poisson’s ratio will create theager maximum shear stress, so the
aluminum roller will be the critical element in shinterface. Instead of applying these
equations, we will assume the poisson’s ratio foménum of 0.333 is close enough to
0.3 to make Fig. 3-39 applicable.

Tmax = O'Bpmax

4000 .
=——=13 300 psi
Prnax 03 p

From Eq. (3-74)pmax = 2F / (Tl ), so we have
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2F 2F Y2

Prax = K FY2 7 7K

So,

2
F :(n”(cpmaxj
2

2
=117.4 Ibf Ans.

_Ln(Z)(z.sgsx 10) (13 300}12

3-139
v=0.292E =30 Mpsi,| =0.75in,d; = 2(0.47) = 0.94 ing, = 2(0.62) = 1.24 in.
Eq. (3-73):

b=( 2(40) 2(1-0.292))[ 3¢ 1@)]]]/2:1_052( 1) i

7(0.75)  1/0.94 1/1.24

Eq. (3-74):

2F 2(40) . :
=== =32275 psk 32.3k A
Pres = ) 7(1.059( 10°)( 0.7% PSF Pe! "

From Fig. 3-39,
Toax = 0-3P e = 0.3 32275 =9682.5 psi  9.68 kpsi Ans

3-140 Use Egs. (3-73) through (3-77).

o[ 2F @-v)IE+ @) IEY”
a (1/d)+(/d,)

_(2(600) (1- 0.202 )/(30(10 ) @ 0.282 )/(30(10)})
(2) 1/5+ 1/oo
b=0.007 631 in

2F __2(600) _ _ 55 og psi
7ibl ~ 72(0.007 631)(2)

Jx:—2mea{,/1+§—z—‘—;U:—Z(O.ZQZ)( 2502)5(\/ 1 0.786 0.7}36

=-7102 psF- 7.10 kpsi Ans .

Prmax =
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2

1+ 2 1+2(0.786
=—p... _bi 2§ = _2502 #_ 4 0.78p
7 1+(0.788)
bZ
=-4 646 psE - 4.65 kpsi Ans .
g =Pra - 72028 _ 19677 pse- 107 kpsi  Ans
\/ 72 1+0.786
1+5
b2
o,-g, -4646-(-1967
T = 5 ‘= (2 7:7 516 psi 7.52 kpsi Ans .

3-141 Use Egs. (3-73) through (3-77).

o 28 (10) B 1-v2) /]

7 1/d, +1/d,

2(2000)(1—0.292)/[ 207 16] (2 021’:)/[ 140 3)@

71(40) 1/150+ 1o
b=0.2583 mm

o =2F __ 2(2000)
"X bl T 77(0.2583)(40)

o = 2meax[\/7 HJ 2(0.293( 123)2(W & 07)36

=-35.0 MPa Ans.

2

=123.2 MPa

1+ 27 1+2(0.786
__pmax bz 2 ( )_ Z 078)3
142 1+(0.788)
bZ
=-22.9 MPa Ans.
g,= P 71232 =-96.9 MPa Ans .
Z J1+0.786
bZ
g,—-og, -22.9-(-96.
Ty = y2 ‘= 2( 9=37.0 MPa Ans .
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3-142
Use Egs. (3-73) through (3-77).

z_F(l—vﬂ/Ew(l-v:)/Ez]“

7 1/d, +1/d,

_[ 2(250) (1-0.212)/[ 144 16)[+( 2 0.2}/ 145 i

71(1.25) 1/3F 1ho
b=0.007 095 in

2F _ 2(250) __ _17 946 psi
7ibl ~ 72(0.007 095)(1.25)

0, =- pmax[4 /1+é—2 —EU =-2(021)( 1794V 1 0.786 0.7ps

=-3680 psF - 3.68 kpsi Ans .

Prmax =

2

1+2% 1+2(0.786)
z +o(o0.
0, = Ppu| -2 |=-17940 - - 078
7 1+(0.788)
b2
=-3332 psF - 3.33 kpsi Ans .
g, = “Pre _ ~17946 _ -14109 psk - 14.1 kpsi Ans
\/ 72 1+0.786
1+5
b2
o,—o, -3332-(-1410
T = 5 £ = (2 9=5389 psi 5.39 kpsi Ans .
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Chapter 4

4-1 For a torsion bakr = T/8= Fl/ 8 and so@= Fl/k;. For a cantilever = F/0,0= F/k. For
the assemblyk =Fly, or,y=F/k=16+
Thus
JoF R F
kK k k
Solving fork
k:|211: IfkT Ans,
7.1 klT+k
ke K
4-2  For a torsion bakr = T/8= Fl/ 8, and so@= Fl/k;. For each cantilevek, = F/9, g = Flk,
andd = F/k.. For the assemblk =Fly, or,y=F/k=168+ 4 +4.
Thus
F_FI? F F
= =+ — 4+ —
kK k kK
Solving fork
=— 1 = > KKy Ans.
P11 Kkl rkk tkek
ke ko k
4-3 (a) For a torsion bak =T/6=GJ/I.

Two springs in parallel, with = 7d; /32,
andd; =d =d,

k:£+_‘]2G :EG d_f+_d;1
Xx |I-x 32 X |-=x

32 X =X
Deflection equation,

:EGd4£1+ 1) Ans. (1)

H:B:—Tz(l _X)
JG JG

_ T
results in T = (2)

From staticsT; + T, = T = 1500. Substitute Eq. (2)
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TZ("TXJ+T2:1500 = T2=150c3|5 Ans. (3)

Substitute into Eq. (2) resultingin T, = 1500'7— Ans. (4)

(b) From Eq. (1)k— (o 54)115(16)(5 o

1 ]_ 28.0 1)  Ibfl infrad Ans .

From Eq. (4)T, = 150012—05 750 Ibfin  Ans.

From Eq. (3),T, =15001%= 750 IbflJin ~ Ans.

16T, _16(150Q _

md® IT(O.5 )

From either sectiong = =30. 6( 16) psi= 30.6 kpsi Ans .

4-4  Deflection to be the same as Prob. 4-3 whgre 750 Ibfih, I, =1/2=5in, andl; = 0.5

in
91:92:9
T(4) _ T.(6) :”750(3 - h=S7=e0(10) @
—d“G 7d4G —(0.54)G ! 2
32 32 32
or, T, =15(10)d; (2)
T,=10(10)d; ®)
Equal stress, =7, = or, 18, , L.T. (4)

m; ;o d)odg

Divide Eq. (4) by the first two equations of Eq.(&sults in

Tl TZ
d’ _ d} _
T 6T2 = d,=15d, (5
d dj
Statics, T; + T, = 1500 (6)

Substitute in Eqgs. (2) and (3), with Eq. (5) gives
15(10)d, + 1¢ 16)( 1.8,)' = 1500

Solving ford; and substituting it back into Eq. (5) gives
d; =0.388 8ind,=0.583 2 in Ans.
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From Egs. (2) and (3),

T, = 15(16)(0.388 8§ = 343 Ibfih Ans.
T, = 10(16)(0.583 2§ = 1 157 Ibfih Ans.
43 4
Deflection ofT is 6 = L 3439 =0.05318 rad
3G (m/32)(0.3888) 11.6 19
Spring constantis  k -1 - 1500 _ 28. 2(10") Ibfdin  Ans.
6, 0.05318
. 16(34 . .
The stress id; is I _16%, _ ( 3 :29.7(16) psF 29.7 kpsi Ans .

'omd? 7(0.388 §°

The stress id; is T, :172_5 = 1(2(;;352)3 :29.7( 1(3) psE 29.7 kpsi Ans .
2 V/AROR

4-5 (a) Let the radii of the straight sectionsiye=d; /2 andr, = d, /2. Let the angle of the
taper bex where tana = (r,—r1)/2. Thus, the radius in the taper as a functioxief

r =r, +xtana, and the area i = 77(r; + x tana)®. The deflection of the tapered portion
is

| | '
5= dez F f F 1 |
+ A e o (r, +xtana niE (r, +xtana) tanr:r‘0

_F| 1 1 F (1 1
nE| rtana  tano(r, +| tam) "~ 7E tao r,

_ F r,-r,_ F ltana _ Fl
nmetana rr, nEtana rr, mrE
_ 4Kl Ans

md,d,E

(b) For section 1,

FI _ 4F1 _ 4(1000)(2)
AE  7d?E (0.5 )(30)16 )

3.40(10*)in Ans.

1

For the tapered section,
_4 FI _4 1000(2)

7Td d,E m(0.5)(0. 75)(30)(10 )
For section 2,

=2.26(10" ) in Ans.
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FI _ 4FI _ 4(1000)(2)
2= AE md’E (0. 752)(30)(1(5)

1.51(10* ) in  Ans.

4-6 (@) Let the radii of the straight sectionshe= d; /2 andr, = d, /2. Let the angle of the
taper bea where tana = (ro— r1)/2. Thus, the radius in the taper as a functioxisf
r =r, + xtana, and the polar second area momegtis(77/2) (1 + x tana)*. The angular
deflection of the tapered portion is
|
| |
o= TaZf & __ 17 1
»GJ Gy (r+xtana)’ 371G (r +x targ )’ tano/‘O
- 27 1 1 T (11
37G| 1’ tana tana(r +| tara)’ 3TG tam\r’ 1)
_2 T - 2T7( | r23_r13:_2-|-_|(r12+r1r2+r§)
3rGtana 2  3Glr,-r,) rx2 3G ry?
327 (d? +dd,+d3)
T~ 343 Ans.
31 G d;d;
(b) The deflections, in degrees, are:
Section 1,
1:T_I(180): 3z4'l [18(3: 324(1500)(2)( 130:2.44 deg Ans .
G\ m ;G 10.5')11.56 )\
Tapered section,
_ 32TI(d +dd,+d}) ( @j
3 Gd*d,? m
1500)(2) 0.5+ (0.5)(0.75) 0.7
_32(1500)(2f 0.8+ (0.5)(0.75) §(180j:1.14 deg Ans
3 11.5(16 )(0.5)(.75) s
Section 2,
82__I(180j= 32£I1'I (18(} 32(1500)(2) E 12?0 0.481deg Ans .
GJ ;G 1(0.75')11.5(16
4-7 The area and the elastic modulus remain constamntever, the force changes with

respect tox. From Table A-5, the unit weight of steelyis 0.282 Ibf/irf and the elastic
modulus isE = 30 Mpsi. Starting from the top of the cable.(xe 0, at the top).

F = KA (Ix)
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! 2
_p? _0.284 50017 0169 in
2E 2(30)16

_pFdx _we _y(i. 1.,
cSC_LE_EjO(l x)dx—E(Ix Exj

0

From the weight at the bottom of the cable,

%:ﬂ: M :4(50001 500(12]):5093 "
AE md’E  71(0.5%)30(10 )

5=0,+q, =0.169+ 5.093 5.262in Ans

The percentage of total elongation due to theetalown weight

mg(1OO)= 3.21% Ans .

5.262

48 2Fy=0=R;-F = R;=F
Ma=0=M;-Fa = M;=Fa
Vag =F,Mag=F (x —@), Vec =Mac =0

SectionAB:

1 F (X
0.=—|F(x-a)dx=—| ——-ax |+C 1
" EI-[( ) EI(Z j ! @)

HAB=0atx=0:> C. =0

F o X F(x* _x°
=—|| ——a|dXx=—| ——-a— |+C 2
Yoo T (2 j EI(G 2] ? @)

yas=0atx=0 = C,=0, and
_Fx?
6El

Yas (x-3a) Ans.

SectionBC:

1
Bac :Ej(o)dx: 0+C,

2

From Eq. (1), ak = a (with C, = 0), 8= & —a(a) |=~F& = ¢, Thus
e SR =TR =R ’

_ Fa?
5 2El
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yBC - 2EI

dx=- oE| x+C, (3)

_ Fa’ J' Fa?

3 2 3
From Eq. (2), ak = a (with C, = 0), y=§(a——aa—] = %. Thus, from Eq. (3)

Fa’ _ Fa’® Fa®
— a+ C4 - —
2El 3El

Fa’ N Fa® Fa’

X (a-3x) Ans.
2El 6El  GEl

Yac =~

The maximum deflection occursyat I,

Fa’
=—(a- Ans.
ymax 6EI (a 3| ) S

49 IMc=0=F(/2)-Rl = R =F/2
2F,=0=F/2+R;-F = R2=F/2
Break at s x <1 /2:
Vag = R1=F /2, Mag =R1X=Fx/2
Break al /2<x<I:
Vec=Ri1-F=-R2=-F /2, Mgc=Rix-F(x=-1/2)=F( -x)/2
SectionAB:

1 ¢ Fx F x?
6. =—|—dx=—2-+C
BRI 2 El 4

From symmetry@pg =0 atx=1/2 =

I 2
2) 1 =0 = C,=-—" Thus,
4E| 1661

_ixz_ FIZ F (4X2—|2)

= = 1
Bl 4 16EI  1€E @)
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F F(4X
=——[(4¢-1?)dx=——| — -1 |+C
T ( ) 16EI( 3 j ?

yvas=0atx=0 = GC,=0,and,

Vo =g (44-37) @

Yac IS not given, because with symmetry, Eq. (2)lmawsed in this region. The
maximum deflection occurs at=1 /2,

Yo -iZJH'—jz —32} = Ans.

 48EI 2 A

4-10 From Table A-6, for each angle,; = 207 cril. Thus, | = 2(207) (10) = 4.14(16) mn’

From Table A-9, use beam 2 wih= 2500 N,a = 2000 mm, antl= 3000 mm; and beam
3 withw =1 N/mm and = 3000 mm.

_ Fa? (a—3|)—m4
6El 8El

__ 2500(2000)
6(207)16 (4.14)10

=254 mm Ans.

Ymax

(1)(3000)
8(207)(0 )(4.14)fL0 )

2000~ 3(3000)-

Mo =-Fa-(wl?/2)
= 2500(2000)- [1(300G)/2] = - 9.5(1C) Nihm

From Table A-6, from centroid to upper surfacg 29 mm. From centroid to bottom

surface i/ = 29.0- 100=- 71 mm. The maximum stress is compressive at ttierhmf
the beam at the wall. This stress is

g, =M 950163 \mpa Ans .
| 4.1416 )
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4-11 ¥ 450 Ibf 300 Ibf

14 10 i
R _E)(450)+§)(300)_ 465 lof 6 ft l 4 fi l 10 fi o
-
4 B

R? R,

6 10
=—(450)+— (300)= 285 Ibf
R 20( ) 20( )

M; = 465(6)12 = 33.48(FDIbflih
M, = 33.48(16) +15(4)12
= 34.20(1Y) Ibflih

o, = Mo = 15:3i'2 Z= 228ib
z z

max

For deflections, use beams 5 and 6 of Table A

= Fel=(/2] (I_jiaz_z.l_ L
Ylxaaon 6Ell 2 2| a4l

0.5 450(72)(120) )(126+ 72~ 248)- 300(240 )
6(30)(16 ) (240 48(30)(101)

| =12.60if = | /2= 6.30ih

Select two 5 in-6.7 Ibf/ft channels from Table AF# 2(7.49) = 14.98 ih Z =2(3.00) =
6.00 ir?
12.600 1 .
oo =———| —— 1 =-0.4211In
ymldspan 1498( 2)
34.2

0., =——=5.70 kpsi
6.00

4-12 | =L (1.5")= 0.2485 if
64

From Table A-9 by superposition of beams 6 anat X= a = 15 in, withb = 24 in and
[=39in

Fba wa
= +——(2la’-a®-|
[ ] 24EI( a-a 3

_340Q2M15 o
Ya = 53010 (0.2485)3£>15 +24 - 35]

(150/12)(15) el |
24(30)10 (0 24852393 ;- 18- 38]=- 00978 in Ans

Atx=1/2=195Iin
Fa[l -(112)] ( j + g2 _2|I_ +w(l/z) Z(I—jz_(lzjg_p
6Ell 2 2 24| 2

Chapter 4 Solutionage 8/80
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_ 340(15)19.5) gz, 18- 3§]
6(30)(1C )(0.2485)(34; '

(150/12)(19.5)
24(30)(16 )(0.248

5gz(sg)(lg.é. y 195~ 39=- 0.1027in  Ans

% difference= — 21027 0-0978 1 05s 50106 Ans .

-0.0978

_1 _
4-13 |_12(6)(323) 16.384 10) mrh

From Table A-9-10, beam 10

Fa®
=- I +a
Ye =735 (I+a)
Fax
- |2_ 2
Yie = GEN ( X )
dyAB - Fa (|2 _3X2)
dx 6Ell

Atx=0,dyi=6?A
dx

_ Fal? _Fal
A BEIl 6EI
Fa?l
=-fa=-
Yo A 6El
With both loads,
yo = Fa’l _F_a2(| +a)
°  6ElI 3EI
2
- F& 34 oa)=_400B00) 4] 3(500) 2(300)= - 3.72 mm Ans
6EI 6(207)10 (16.384)
At midspan,

_2Fa( /2) |2—('—j2 _ 3Fal’_ 3  400(300)(50D) _; 11 ane
T 2) | 24 Bl " 24207(16) 16.38% 1§ |

414 | :6—’2(2“—1.5“): 0.5369 il

From Table A-5E = 10.4 Mpsi
From Table A-9, beams 1 and 2, by superposition
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I N ) M .t
Yo = 3e em 7% T 300416 (0.5369) 6(10.4110 (0.53&%512) 342}

Vg =-1.94in Ans.

4-15 From Table A-7] = 2(1.85) = 3.70 ih

From Table A-5E = 30.0 Mpsi
From Table A-9, beams 1 and 3, by superposition

y, = - FIP _(w+wl* __ 150(60) _[5+2(5/12) (60)_ oot ans.
38l SEl 3(30)16 (3.70)  8(30)f0 (3.70)
416 1="Cg¢
64

From Table A-5E =207(1G ) MPa
From Table A-9, beams 5 and 9, Wib= Fa = F, by superposition
FBI3 Fa. 1 3 2 2
=- +——(4a* - I = -FI°+ 2Fa(4 -3
e = " geE T 24 ( " = Ay, Fs ( )

_ 1 _
~ 48(207)16(- ;{ 550(1000 )+ 4 37 (250) 4(250-) 3(100d})

:53.624( 16) mrh

\/—I —\/ (53.624)160 = 32.3mm Ans .

From Table A-9, beams 8 (regi@&Q for this beam witla = 0) and 10 (witla = a), by

417 I
superposition
Vo = et (X -3¢+ A%+ 2 (12-x)
:E]'Il[MA(X?’—3|X2+22X)+FaX(|2—XZ)} Ans.
o {3}([6'\::”(X _3x?+2 x)}m (x— |)+FE3X D [x=12 —a(@x-1)]
:—';"—Ef\l'(x—|)+%[(x—|)2—a(3x—|)]
= (2;|I){_MAI +F[(x-1)? —a(3x—|)]} Ans.
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4-18 Notetotheinstructor: Beams with discontinuous loading are better sol&dg
singularity functions. This eliminates matching #tepes and displacements at the
discontinuity as is done in this solution.

ZMC:O:Ril—wa(I—a+gj - Rlz%a(z—a) Ans.

2
Ans,

ZFY:O:%?(Z—aHRQ—wa - RZ:w;l

wa w
Vg = Rl—wx=7(2I —a)—wx=5[2 (a—x)—az} Ans.

wa?

Vec =-R, == 2l

2
M, = ijde:%{z (ax—xzj—azx +C,

Me=0atx=00C, =0 =  Mjy= 2|[a| a’~Ix| Ans.

Ans.

M e J.VBCdx I——dx-—%x+c

wa? wa?

M,.=—— (=X ANs .
o =y (=)

eAB:jMAB dx=— [ 2% (28l - a® - Ix)dx == | 2 aix? - San?- x|+,
El ElY 2 El [ 2 2 3

w 1 1
6,.dx=— || —| alx* -=a*x?*-=Ix? |+ C, |dx
IAB El J[ZI( 2 3 j 3}

=1 ( alx — L a2y - 1Ix“j+C3x+C4
El|2\3 6 12

Y =0atx=00 C,= 0

c wa’(, 1,
O = j == j—(l x) dx _E{ > (Ix —ij+cs}
0, =06, atx=all

2 3
1 ﬂ(alaz——la“——lla3j+cg = 1jwa (Ia——lazj+c5 ~c,="2 .c, 1
El| 2 2 3 El| 2 2 6

M. =0atx=1 0 C,=
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Yec =O0atx=1 0 Cy=-

1| wa?(1 1 1
= = ==X ==1° [+ Cy(x~I
Yec El[ ( 6 3) 5 ( )}

20 (2

yAB = yBC atx=a D

2
B(EalaS—}as——lla“j+C3a=wa (—1Ia2——1a3——31 3j+C5(a—I)
21\ 3 6 12 2\ 2 3

2
csazuz"j"l (3a?-4°)+C,@-1) )

wa?

Substituting (1) into (2) yields, = ~a

(—a2 -4 2). Substituting this back into (2) gives

C, =Y (sa-a? - 47). Thus,
24
- w 3 2,3 4
Yas —m(%ﬂx -2a°x°-Ix*+ daix-ax- 4l 2x)
2ax’(2 -a)-I1x*-a?(2 -a)’ Ans .
Yre = 24EII[ (@ -a)-h-al( )}
———(6a’Ix* - 2a°x*-a’x—- 421 x+a't Ans.
Yec = 24EII( )
This result is sufficient foygc. However, this can be shown to be equivalent to
w
=—(4alx’* - 2a°x*-Ix*- a1 X+ &aix-a %)+ -a)*
Yec 24EII( ) 24E| )
yBC = yAB (X a) Ans

24EI
by expanding this or by solving the problem ussiggularity functions.

4-19 The beam can be broken up into a uniform lwatbwnward from pointé to C and a

uniform loadw upward from point# to B. Using the results of Prob. 4-18, wihih= a for
Ato C anda =afor AtoB, results in

WX T2/ Y _1u3 k2[4 k)2 |_ WX 2 (g 32 _ )2
Vio = ey | 20X (3 =b)=1~b(2 b)’ | 24E”[2ax (2-a)-IX’-a*(2-a)"
:ZZUSI'2bx2(z—b)—b2(2|—b)2—2ax2(2—a)+a2(z—aﬂ Ans .
Ve :%ébﬁ(z ~b)-Ix*-bx(2 -b)’

—(4a|x3—2a2x3—lx“—4a2|  + Aa?x—a‘k)—l (x—a)“] Ans.
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w
Yoo :m[4blx3—202x3—lx4—4b21 X+ Dix-b%+I k-b)’]
_w 3 _ 09a2y3_ |4 _ - -a)?
—24E”[4alx 2a°x°—Ix*— 4aq X+ daix—-a %+ a)]
w
=ﬁ[(x—b)“—(x—a)4}+yAB Ans.

4-20 Notetotheinstructor: See the note in the solution for Problem 4-18.
wa’®
F =0=R, -
Z y RB 2|

For regionBC, isolate right-hand element of length+(a —X)

2
8 =—RA=—%, Voo =w(l +a-x) Ans.
wa’

2

—wa = RB=%a(Z+a) Ans.

M =—RX=-

X, M ge =—ﬂ2(l+a—x)2 Ans.

2
E|¢9AB=j|v|ABo|x=—%xz+c1

wa’
Ely,, = TE x*+Cx+C,

2
ya=0ax=0 = C,=0 O Ely,,=-2 x+Cx
yas=0atx=1 = C—wazl O
AB al 12
Ely __wa2X3+wa2IX_wazx(lz_xz) =y —ﬂzx(lz—xz) Ans.
12 12 12 e EN
ElaBC=jMBcdx=—%(|+a—x)3+cs
w 4
ElYec =—§(I +a-x) +C,x+C,
wa* wa*
=0atx=1 = - +Cl+C,=0 = C,= -C 1
Ysc 24 3 4 4 24 31 ()
2 2 3 2
G = Gatx=] = _wal+waI:wa wa

+C, = C(C,=-

|
12 6 ( +a)
wa?

SubstituteCs into Eq. (1) gives C, =Z[a2 +41 (1 + a)] . Substitute back intgsc

1 w 4 wa
= | —— | — -

2

x(I +a)+ w;: + wc:' (1 +a)}

w

= _E[(I +a-x)" —4a?(1 -x)(l +a)—a4} Ans.
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4-21 Table A-9, beam 7,
R =R, =2 =1250= 500 Iof -

N 100x B
-1%) = 24(3()16 00)5[2(10)x -x*- 16

Atx=1, 6. = 17— 43 -1%)= @
tx=1 B, 24E| (6 ) 24E]

_ 100{16) B )
= 32G0 (o.osgx_lo)_ 2.777¢ 10)(x- 1p

From Prob. 4-20,
2 100 4

R, =2 = ( )=80Ibfl R,
2 2(10)

wa’x 2 _ 2\ _ 100(42)X A 2
T (17-x*) = 1439 16( 0.0}5(102 x*) = 8.888¢ 10°)x( 106 x?)
Ve :_Tuljzl[(l +a-x)" —4a (I -x)(l +a)—a“}
B 100 [(
24(30 16 ( 0.0%
=-2.7774 10°)| ( 14 x)" + 896~ 9216
Superposition,
R, =500~ 80= 420 Ibf 1 R,= 508 488 980 Ibfi Ans .
Vie = 2.7774 10°) x( 2@°-x*~ 100D+ 8.88%9 19x( 16&°)  Ans
Yoe = 2.7774 10°)(x~ 19— 2.7778 1?))[( )"+ 896 92}16 Ans

The deflection equations can be simplified furtthtwmwever, they are sufficient for
plotting.
Using a spreadsheet,

100( 4
2(10)

=w7a(z +a)= [2(@0y+ 4= 480 Ibf1

Yag =

10+ 4-x)' - 4 £)(10-x)( 16 ¥~ 3]

X 0 0.5 1 15 2 2.5 3 3.5
y 0.000000 -0.000939 -0.001845 -0.002690 -0.003449-0.004102-0.004632-0.005027

X 4 4.5 5 5.5 6 6.5 7 7.5
-0.005280 -0.005387 -0.005347 -0.005167 -0.004853-0.004421-0.003885-0.00326§
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X 8 8.5 9 9.5 10 10.5 11 11.5
y -0.002596 6.001897 -0.001205 -0.000559 0.000000 0.000439 0.000775 0.001036
X 12 12.5 13 13.5 14
y 0.001244 0.001419 0.001575 0.001722 0.00186Y
0.002
0.001 Beam Deflection, Prob. 4-21 L
. —
0.000
-0.001 N /,
-0.003 S /
/
-0.004 \\ /
-0.005 S e
-0.006
0 2 3 4 5 6 7 8 9 10 11 12 13 14
x (in)
4-22 (a) Useful relations
F 48El
k=—= 3
y I
W® 1800 36 _
| = = (( ) =0.05832 it

48 48(30)16

Froml = bh¥12, andb = 10h, thenl = 5h*¥86, or,

h=24 /%' = 4/—6(0'%5832): 0.514 in

his close to 1/2 in and 9/16 in, whites close to 5.14 in. Changing the height dradtical
changes the spring rate, so changing the basemake finding a close solution easier.
Trial and error was applied to find the combinatadivalues from Table A-17 that
yielded the closet desired spring rate.

h(@in) [ b (n) [b/h | K (Ibflin)
172 |5 10 | 1608
12 | 5% | 11 | 1768
1/2 | 5% | 11.5 1849
9/16 | 5 8.89 2289
/16 | 4 7.11 1831
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h=%in,b =5 % in should be selected because it resuliscinse spring rate ardh is
still reasonably close to 10.

(b) 1=5.5(0.5f /12= 0.05729 th
_Mc _(Fl/4) _ 4ol _ 4(60)10 (0.05729)
== 7 = F=
| | Ic (36) (0.25)

3 1528) 36
A _ ( )( ) =0.864 in Ans.
48E1  48(30)16 (0.05729)

1528 Ibf

y:

4-23 From the solutions to Prob. 3-68,= 60 Ibf andT, = 400 Ibf

4
2t A25) g i
64 64

From Table A-9, beam 6,

10X szx x2+b.2—
2= 0 b1+ 0,1

___ (-575)(30)(10)
6(30)16 (0.1198)(4

460(12)(10) o()102+122— 46)= 0.0332in Ans .
6(30)16 (0.1198)(4

__(dz :—i Flx X2 + Fb2x 2
(eA)y - (dX] x=10in {dX|:6E” ( bl I )+ El b I 2)i|}x:10in

— 1b1 2 F2 2 2 2 2
=- 3x? —19)+—==2(3x“+b,"—I
{GEH( *h'-1%) 61l ? )}x:mm

_ (575@0) )
~ " 6(30)10 (0.1198)(4(4;3(102)+Sd 46]

_ —460(12) i
6(30L0° (0.1198)(40£3(102) +12 - 40]

=6.02(10* )rad Ans .

x=10in

0()102 +30 - 40)

4-24 From the solutions to Prob. 3-68,=2880 N andl, = 432 N

30
| _—_%_39 76(16) mr
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The load in between the supports supplies an daglee overhanging end of the beam.
That angle is found by taking the derivative of tiedlection from that load. From Table

A-9, beams 6 (subscript 1) and 10 (subscript 2),

Ya= [HBC|C (az):|beam6+ (yA)beamlC (1)

o= e e ver-ad | [g a2

_F1_31 2_ .2
= (7-a7)
Equation (1) is thus
_i 2_,2 Faz
yA_6EII(I a’)a; - EC
-3312(230) _2070(300 )
" 6(207)18 (39.76)10 (51 53 10° - 230)( 309 3(207)1L0 (39.763£ p1o 300

=-7.99 mm Ans.

The slope aA, relative to the axis is

F,(x-1
(6, =07 -2+ dx[ ELED (-1 -1 |

_ Ra _
6EII( ai) 6EI —2[3(x~1)?= 3, (x~1)-a,(X-1)] -

_6Il§1|( -a’%) - (3a +Za)

x=l+a,

_ —3312(230) i
= 520716 @o.760 ity ° ~ 2%

2070
" 60718 (3976, 300 I+ 2(510)(300)

=-0.0304 rad ANS .

4-25 From the solutions to Prob. 3-70),=392.16 Ibf andl, = 58.82 Ibf

From Table A-9, beam 6,
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y, = [Fl_blx (¥ +2-1 2)} __ (-350)14)(8)

= 2(82+142— 22): 0.0452 inAns .
6EIl i 6(30)10 (0.049 09)(22)

A

— |: F2b2x (XZ + b22 - 2):| — (_45098)(6)(8)

= = 482 +6°— 222) = 0.0428 in Ans .
6EIl 6(30)16 (0.049 09)(22)

The displacement magnitudeds= \/yf\ +72 =4/0.045% + 0.0428= 0.0622in Ans .

—ﬂ :iFl_bl)(Z 2_|2 :Lbl 2. h2_]2
wA)Z_(dxjx:al {dX{GEII (X ol )}}X:al 6EII(3al+bl )
_ (-350)(14)

6(30)1C (0.04909)(2

_[_dz =— d-RbX 2 2 2 - F.b, 2. p2_12
(HA)V'( dxjx:al {dx[ senl R ')}}m 65||(3a1+|02 )
_ (450.98)(6)

" 6(30)10 (0.04909)(2

The slope magnitude ®, = \/0.00242 +(- 0.0035)§ = 0.00430 radns

2[)3(82)+142— 22]: 0.00242rad Ans .

2[)3(82)+ 6 — 222} =-0.00356rad Ans .

4-26 From the solutions to Prob. 3-7T,=250 N andl, = 37.5 N
4 4
| :ﬂ:@:7854 mnt

64 64
—-345sin48) (550)(300
A{_Flyblx(x%bf—ﬁ)} :( sin48) (550) ()3002+ 556 - 850)
6Ell oo 6(207)16 (7 854)(850)
=1.60 mm Ans.
_| Fbx 2 2y, FOX, o 2
ZA_{ 6Ell R P 6El b, |2)l:300mm

_ (345c0s 45) (550)(30(;)3 00+ 556 - 856)
6(207)10 (7 854)(850

—2875(150)399) (307 4 156 - 856) =~ 0.650 mm Ans
6(207)10 (7 854)(850)

The displacement magnitudeds= | y4 + Z& :\/1.602+(—0.65()2 = 1.73mm Ans .
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— ﬂ — i I:1yblx 2 1 ph2_12 :Fl_ybl 2, Rh2_2
(HA)Z_(deq_{dx{ 6Ell (o +- )}}al o G o)

_ —(345sin48) (550)
~ 6(207)16 (7 854)(85

= - dz - d Flzblx 2 2_12 szzx 2 2_12
@, =53] =~ el et e

Flz 2 2 2 F 2 2 2 2
:_Elljll(sai +b? | )_E;I)I(Sal +b, | )

(345c0s48) (550)
6(207)16 (7 854)(85
_ -287.5(150)

6(207)16 (7 88)(850)

The slope magnitude ®, =+/0.00243+ 0.0001F1= 0.00244 radns

3(300 )+ 556~ 856|= 0.00243rad Ans

X=g

c[)3(3002)+ 550 ~ 850]

3(300)+ 156~ 850 = 1.91 10 rad Ans

4-27 From the solutions to Prob. 3-72, =750 lbf
| = md* _ m(1.25)
64

=0.1198 irf

From Table A-9, beams 6 (subscript 1) and 10 @ujts?)

- F
Ya= {(Sly?blllx(xz - 2)+625%allzx(l 2_X2)l:16in

:(—30000520) (14)(16g)1 & +14- 30)+ ( 750sin2p (9)(12)36— 19
6(30)16 (0.119 8)(30 6(30)£0 (0.119 8)(30)
=0.0805 in Ans .
Flz 2 2 2 FZZ 2 2
ZA:{GEbIlIX(X e Al U )}
_ (300sin 20) (14)(16)162+1 P d)+(_ 750c0s 2p (9)(1@ 6- 19
6(30)16 (0.119 8)(3 6(30)10 (0.119 8)(30)

=-0.1169 in Ans .
The displacement magnitudeds= | y; + z: :\/0.08052+(— 0.116}92 = 0.142in Ans .
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d bl 2_12 Fzyazx 2_ 2

0= 1) = (i e o) B el
R bl(

" 6Ell

_ (-300cos20) (14)

6(30)16 (0.119 8)(3

. (750sin20) (9)

6(30)16 (0.119 8)(3

(0),=( 5] ={ad amrbe w1 g e

F.b, Fody(i2a_ a2
- 6EII(3a1 b -1°) - ﬁ(l =)

. (300sin 20) (14) Coal
~ 6(30)10 (0.119 8)(3(4;3(162)“42 36]
=0.00115rad Ans .

+o - 17)+ ZEII (1%-3)

3(16°)+ 14 - 36]

(1;302 162)] 8.0¢ 1C°) rad Ans .

(- 750cos2p (9) (162)]
6(30)10 (0.119 8)( )

. . 2
The slope magnitude ® =\/[8.06( 105)] + 0.00115= 0.00115 rad\ns .

4-28 From the solutions to Prob. 3-73 = 22.8 (16) N
4 (50
| :E:M:306 416) mri
4
From Table A-9, beam 6,

bl FZbeX 2 2 _
Y = {GE” (¢ +B?=1%)+= 2 (x*+b, Iz)}

[11(1(?) sin 20] (650)(400)
6(207)10 (306.8)10 (1050() 400" + 650 - 1059)
[22.8( 16) sin 25] (300)(40

6(207)1(5 (306.8)1b (1050
=-3.735mm ANs .

x=400mm

3)4002 + 300 - 1056)
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. b X ) szx ) }
Z X2 +h?—?%)+—2222(x +b -1
A {6EII (b7 ( ) x=400mm

[11(10*) coszb] (650)(400)
= 24002 + 656 - 1056)
6(207)16 (306.8)10 (1050
[—22.8( 16) cos 2‘5] (300)(40
6(207)16 (306.8)10 (1050)

The displacement magnitudeds= |y + z2 :\/(—3.7332 +1.791= 4.14 mm Ans .

_(dy _ X2 o 2y, b X2 o 2
(6’*)2_(5] . {dx[GEII (7 =17) 27 )}al

2yb2 2 2_ 12

_6E:JIl(3a1 o -1°)+ 6Ell (387 +03-17)

) [11(1(?) sin 20] (650)

6(207)16 (306.8)10 (105

[22.8( 16) sin 25](300)

6(207)16 (306.8)10 (105
=-0.00507rad Ans .

(HA)yz_(%j a,lz {dX[GEbIlIX( X+ |2)+F52Ttﬁx(xz+b22_lz)}}xzal

bl FZZbZ 2 2_12
6E||(3a1 b7 ~1%) - ﬁ(ga”bz )

_ [11(10) cos20] (650)
" 6(207)16 (306.8)1D (105£5'3(4002)+ 650 - 105@}

_[-22816) co25 (30013(400’%) + 300 - 1050)]
6(207)10 (306.8)10 (1050)

=-0.00489rad Ans .
The slope magnitude i@, =+/(-0.00507° +(~ 0.00495 = 0.00704 radns

?31002 + 300 - 1056) = 1.790m  Ans

g)s(4ooz)+ 650 - 1056}

gjfs(4ooz)+ 306 - 1050]

4-29 From the solutions to Prob. 3-6B,= 60 Ibf andT, = 400 Ibf , and Prob. 4-28B=0.119 8
in*. From Table A-9, beam 6,
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A E——

_ B o\ Fabayp o2y ~575(30) )
GEll (81" 6El (b°-17) 6(30)16 (0.119 8)(45)3 040

B 460(12)
6(30)16 (0.119 8)(4

(6.), = {%}I = _{%{%(xz +a2 - 2Ix) +%(x2 +alZ- m)}}

:—{ﬁ(&x—zz—:&xz—af) F2z""(ax 2%- 3<2—a;)}

o()122 - 40")=-0.00468rad Ans.

x=I

6EIl GEIl -
__Faae 2y _Falspa
- 61EII(|2 af) 62E||2(|2 a22)

-575(10) 46- 16)  460(28) 40 - 28)
=- - =-0.00219rad  Ans .
6(30)1C° (0.119 8)(40)  6(30)£0 (0.119 8)(40)

4-30 From the solutions to Prob. 3-68,= 2 880 N and, = 432 N, and Prob. 4-244= 39.76
(10°*) mm". From Table A-9, beams 6 and 10

dy| _ 1le o+ FaX, o
(%), = [dxj . {dX[BEII B g O Xﬂ}xo

b, 2 Fb, Fal
[eEn(gx +h- |)+6EII(I )LO 6Ell(bl R eEl

- —3 312(280) 32802 _516)+_2070(30¢510)
6(207)16 (39.76)10 (510) 6(207)18 (39.76)10
=0.0131rad Ans .

dy) _ Fa,(l -x) F,a,X
(€), = (dx) l_{dx[ oE] (X +a2 - 2lx) + 22 = (%= )}}x:I

19 2 2 2_ 2 anJ
[6 ||(6IX A7-3¢ - 6E||q x )l(:, 6E|| P -ad)-

2 070(300)(510)
3(207)16 (39.76)10

-3 312(230)
6(207)1(3 (39. 76)130 (510)
=-0.0191rad Ans .

55102 236) -

4-31 From the solutions to Prob. 3-70,= 392.19 Ibf andT, = 58.82 Ibf , and Prob. 4-2bz=
0.0490 9 i. From Table A-9, beam 6
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_(dy) _Jd|RbBX o _Fl_ybl 2_
()l st ] -gaen

_ -350(14) :
6(30)16 (0.04909)(2

__[dz} __Jd|RbXi o 1o 2 __Fbyo s
(@), = $2) =-fa TR eve )| =)
~450.98(6)

" 6(30)10 (0.0490 9)(22()6 -22)
=-0.00624rad Ans .

2()142—222):0.00726rao| Ans .

The slope magnitude ©, :\/0.00726 +(— 0.0062)i = 0.00957 radns

@.o(5) -[2[BA N g

— Flyal _ o2 _ay2_ .2 _Flyal 2_,2
{6El|(6lx 2%-3¢ -a) e )

_ -350(8)
6(30)16 (0.0491)(2

(@), = 53] =l e -

F F

_ -450.98(16)
6(30)10 (0.04909)(2

x=I

x=l

2()222 -&)=-0.00605rad Ans .

x=I

2()222 -16') = 0.00846 rad  Ans

The slope magnitude 8, :\/(—0.00605)2 + 0.00846= 0.0104 rad\ns

4-32 From the solutions to Prob. 3-71, =250 N andl; =37.5 N, and Prob. 4-26= 7 854
mm*. From Table A-9, beam 6

_(dy _JdRbx o, 2_)2 _Fl_ybl 2_
@[] | al e |-G

[ -345sin 48 | (550)
= 550 — 856) = 0.00680rad Ans
6(207)16 (7 854)(850)
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__(dz) _ X (2 o 2y, FabX (o, a2
(%),= (ﬁszo_ {dx[GEII (b 1) =g (b )}}o

Fubifre 12\ Fabyfro_ 2y | 345C0845] (550)
6Ell (b -1%) 6Ell (b -17)= 6(207)16 (7 854)(85(() - 850)

—287.5(150) (155 850)=0.00316rad  Ans .
~ 6(207)10 (7 854)(850)

The slope magnitude ®, = J/0.00686 + 0.0031%= 0.00750 radns

(HC)Z:(%L _{dx[ ”21§.| x)( 2+af—2|x)}}xﬂ {%(ax—zz_;—af)}

Fyd ., o _ | ~345sin48] (300)
“oEn ! %)%
(20716 (7 854)(850)

—_(dz} __ Foall=X) 2, 2_ Foa( =X o, 2
%), = (dXL {dx{ ST ARG A= Gl ZX)}}

I [345c0s45] (300)
%) g (772) = 6(207)10 (7 854)(85(() - 300)
~287.5(700)

" 80718 (7 B0 E 5)0(8502— 706)= 6.04 1) rad Ans

The slope magnitude i, :\/(—0.0055532 +| 6.04 11’3)]2 = 0.00558 rad\ns

x=I

850 — 306):—0.00558 rad Ans

x=I
—__ Flzal (l 2
6Ell

4-33 From the solutions to Prob. 3-72; = 750 Ibf, and Prob. 4-27= 0.119 8 i. From Table
A-9, beams 6 and 10

(60)2:(%10_{&{6;1?( o Iz)Jr%(lz_xﬂ}xzo

F bl 2 2 F2ya2 2 2 — Flybl 2 2 F al
—[6E”(3 +b? -1 )+ﬁ(' - 3x )L_ (b?-17)+—2L=

6EIl 6El
[-300cos20] (14) . 02)+[ 750sirt2 | (9)(30)
~6(30)16 (0.119 8)(30) 6(30)10 (0.119 8)

=0.00751rad Ans .
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_[dz _ JAdIRbXr o o iy, FraXna o
(6), = (ELO— {&[ﬁ(x o ')+—6E” ( X)}}O

_ | FubPiae 22\, Faafy2_ a2 __Fbipa 2 Faal
=] G (e w1 ez | == Exh(er19- 28

_ [300sin 20| (14) 13 02)_[— 750c@0” | (9)(30)
6(30)16 (0.119 8)(3 6(30)16 (0.119 8)
The slope magnitude ®, =+/0.0075% + 0.0104= 0.0128 rac\ns

(@), §2) =l e ) %oz—xﬂ}“'

1ya1 _ 92 _ a2 _ A2 I:Zyaz 2_n,2 I:1yal 2_ 2_F2ya4
| B o7 -ac-a)+ (- ac) | = man-TE

_ [ -300cos20] (16) - _162)_[7sosin20] (9)(30) _ 00100 rad  Ans |
6(30)10 (0.119 8)(3 3(30)16 (0.119 8)

=0.0104rad Ans .

__[dz} __ Foall =X 2, 2 Fo2oX (12 2
(&), = [RL_ {dx[ 6Ell (x* +a - 2x) + 6Ell ( X)}}l

F F F F
= —[ﬁ(ax— 22- 3¢ -a?) +62??|2(| 2_ 3<2)L = -6ELT‘I1(| >~a?) +_§4

_ [300sin 20 | (16) ) [ -750c0s20] (9)(30)
~ 6(30)16 (0.119 8)(30() 3(30)1(? (0.119 8)

The slope magnitude B, :\/ —0.0109 + - 0.019)? = 0.0222 radAns

=-0.0193rad Ans .

4-34 From the solutions to Prob. 3-7; = 22.8 kN, and Prob. 4-28= 306.8 (16) mm".
From Table A-9, beam 6

dy _|d|Rbx,, 2_ 2 FobX 2_2
(6).= (dxj o {&[ 6EIl (¢ +b7-17) + 6Ell (b )}}xzo

DR, oy Fabar s o |11(10) sin26] (650)
TeEINT /T eEIN V2 /T 6(207)18 (306.8)10 (1050)
(b2 -12) +-22(b2-1?) (207716 (0680 ¢ ggsso2 1056)

) [22.8( 16) sin 25] (300)

gsocf - 1056) =-0.0115rad Ans
6(207)16 806.8)10 (1050
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__(dz)} _ WPX (o o 2y, FabX o, a2
(%), = (ﬁszo_ {dx[6EII (bt (i )}}0

__Fl_zb]_ 2 _ )2 FZZb 2
- 6Ell(bl l) 6Ell(b I)

[11(103) cosze] (650)
=- 650° - 1056)
6(207)16 (306.8)10 (1050)

[—22.8( 16) cos 2@5} (300
- g)aoo2 -1056) =~ 0.00427 rad Ans
6(207)16(306.8)16 (1050

The slope magnitude i =/(~0.0118” +(~ 0.0042F = 0.0123 radis

d y _ 1ya1(I ) 2 2 Fzyaz(l - X) 2 2
(%), = [dxj | {dx{ TR G AT +a2_zx)}}x:|

lyal [ _22_ 2 _ A2 FZya2 _22_ 2_n,2
[esEu(GX 3¢ a8 ¥-a)

x=I

Y AN Y Y TR o
_%(P af)+%(l2 a?) =

[22.8( 16) sin 25] (750)
+ 1050 - 756) = 0.0133rad Ans
6(207)16 (306.8)10 (1050)

d F.all 2 452 L, - 2,42
(QC)VZ_(d_iL:_{dx{ asiéu Do ra -2+ aaE(u 2 +a2—2x)}}

=—[%(6Ix—22 - 3(2—a12)+|;2E;?|?( Gx— 2°- 3(2—a22)}

[11(1@) sin 20] (80) £10502 - 400)
6(207)16 (306.8)10 (1050)

x=I

x=I

=R 2\ _Fud,
- 61EII(|2 a) 62EII2(|2

[ -22.8(10) cos25] (750
6(207)16 (306. 8)1?) (1050)
The slope magnitude i®, =10.0133 + 0.0112= 0.0174 radins

[11(1(?) cos 20] (40) 81056 ) 406)

-aj)=- 6(207)16 (306.8)10 (1050)

)
105Cf 756 = 0.0112rad Ans

4-35 The required new slope in radian®ig = 0.06¢7/180) = 0.00105 rad.
In Prob. 4-29] = 0.119 8 ifi, and it was found that the greater angle occutiseabearing
atO where &), = - 0.00468 rad.

Sincé is inversely proportional th
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Onewlnew= Boidlod = lnew= md? /64 = Boid loid Bnew

64 1/4
Or’ dnew ( I oldj

T
The absolute sign is used as the old slope magbative.

gold
7]

new

64/-0.0046
new 0.00105

1/4
f0.1198j =182in Ans.

4-36 The required new slope in radiangig,, = 0.06¢7/180) = 0.00105 rad.
In Prob. 4-30] = 39.76 (18) mnt, and it was found that the greater angle occuitseat
bearing aC where €), = - 0.0191 rad.

See the solution to Prob. 4-35 for the developroétite equation

1/4
dnew = (% Hold | I oIdJ
7|6 |

d_, =(64 ~0.019L, 4 74 16)) 620 mm Ans .
77|0.0010%

4-37 The required new slope in radian®ig,, = 0.06¢7/180) = 0.00105 rad.
In Prob. 4-31] = 0.0491 i, and the maximum slope &: = 0.0104 rad.

See the solution to Prob. 4-35 for the developroéttie equation

ealg,| )
dnew = (_ o | oIdJ

|8
14
dnewz(g’ 0'C)104|0.0491j =177in Ans.

77|0.00105%

4-38 The required new slope in radian®ig,, = 0.06¢7/180) = 0.00105 rad.
In Prob. 4-32| = 7 854 mf, and the maximum slope & = 0.00750 rad.

See the solution to Prob. 4-35 for the developroéiite equation
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ealg,| )
dnew :(7 QOId IoIdJ
1/4
d.,= o4 0.0075@7 854 =32.7mm Ans.
77(0.00105

4-39 The required new slope in radian®ig,, = 0.06¢7/180) = 0.00105 rad.
In Prob. 4-33] = 0.119 8 ifi, and the maximum slop@= 0.0222 rad.

See the solution to Prob. 4-35 for the developroétite equation

64

m

dnew = (

64

T

dnew = (

10.119

D

1/4
8) = 268in Ans.

4-40 The required new slope in radiangig = 0.06¢7/180) = 0.00105 rad.

In Prob. 4-34] = 306.8 (16) mnt",

See the solution to Prob. 4-35 fo

and the maximum slope &: = 0.0174 rad.

r the developroéttie equation

1/4
d - g’ Hold |
new T Hnew| old
64| 0.017 o
d_, =| —— 41306.&( 16)) = 100.9 mm Ans .
77|0.00105%

4-41 g = 1%64 = 0.04909 ify Jag = 215 = 0.09818 if}, 1gc = (0.25)(1.5¥12 = 0.07031 ify
lcp = 71(3/4)'/64 = 0.01553 ifh For Eq. (3-41), p. 11®/c = 1.5/0.25 = 6= B = 0.299.

The deflection can be broken down into severakpar

1. The vertical deflection & due
2. The vertical deflection due to

B (y2= CD 6 = 26s1).

Shigley’'s MED, 10th edition

to force and moment acting Biy,).
the slop®ath;, due to the force and moment acting on
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3. The vertical deflection due to the rotatioBath,, due to the torsion acting Bt(ys =

BC 6k = 56k1).
4. The vertical deflection & due to the force acting @ (ys).

5. The rotation at, &, due to the torsion acting @t(ys; = CD & = 26).
6. The vertical deflection d due to the force acting @ (ys).

1. From Table A-9, beams 1 and 4 whtlr — 200 Ibf andMg = 2(200) = 400 Ikin
o o08) o 448 e
A7 73(30)10(0.0490p £ 30 2§ 0.049p9
2. From Table A-9, beams 1 and 4

2 2
0= S| EX (x-a1) + MeX {E(BX-G)*MBX}
dx| 6El 2Bl || LeEl El |

:{Z'E[_H +2MB]} EE 1@? 0.0490}3[—(—200)( 6§+ 4 409]= 0.004074 rad

y2=2(0.004072) = 0.00815 in

3. The torsion aB is Tg = 5(200) = 1000 Ikih. From Eq. (4-5)

Gy, = (Ej = 1000( Q =0.005314 rad
JG ),z 0.0981§ 11.5 10

y3=5(0.005314) = 0.02657 in

4. For bending oBC, from Table A-9, beam 1

o 2U8) _ososi
Y4~ "3(30)16( 0.0703L "

5. For twist oBC, from Eq. (3-41), p. 116, with = 2(200) = 400 Idih

400( 5
6. = =0.02482 rad
€ 0.2991.5 0.25 11 fo a

ys=2(0.02482) = 0.04964 in

6. For bending o€D, from Table A-9, beam 1

o 202) _oonai
Yo~ "3(30)16( 0.01568 "
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Summing the deflections results in

6
yD:Z:yi =0.0146+ 0.0081% 0.02657 0.00395 0.04964 01@G10.1041inAns .

i=1

This problem is solved more easily using Castiglia theorem. See Prob. 4-71.

4-42

The deflection oD in thex direction due td-, is from:

1. The deflection due to the slopeBatt;, due to the force and moment actingBfx; =
BC 931 = 5931)

2. The deflection due to the moment acting3ofx,).

1. FOrAB, | ag = 771%/64 = 0.04909 ity From Table A-9, beams 1 and 4

2 2
=1 S| EX (x-31) + MeX =[ﬂ(3x-a)+MBx}
dx| 6El 2Bl || 6Bl El |

:{Z'E[_H +2MB]}= 23 16? 0.0490}9[_(100)( 6§+ 4~ 209 =~ 0.002037 rad

X1 = 5( 0.002037) = 0.01019 in

2. ForBC, lgc = (1.5)(0.25¥12 = 0.001953 ih From Table A-9, beam 4

M.I° 2(-100 5 :
= = =-0.04267
= 2E 2(30 10( 0.001958 "

The deflection oD in thex direction due td- is from:
3. The elongation oAB due to the tension. F&B, the area i&\ = 771%/4 = 0.7854 i

_(FI) _ -150(§)
& _(EJAB ~0.7854 30 10

=—3.82( 105) in

4. The deflection due to the slopeBatts,, due to the moment acting 8n(x; = BC & =
56s2). With Iag = 0.04907 if,

=Ml _ 5(-150 6 _ ;503056 rad
El 30(10) 0.04909
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X4 = 5( 0.003056) = 0.01528 in

5. The deflection & due to the bending force acting 6nWith lzc = 0.001953 ify

(R o 1sd8) =-0.10667 |
Xs_( :JEJBC ~ 3(3016( 0.001958 "

6.2The elongation oD due to the tension. F@D, the area i&\ = 77(0.75)/4 = 0.4418
in

(FY _ -150(2 5\
% _(%jw 04414 3) 16 -2210°) in

Summing the deflections results in

X, :iX =-0.01019- 0.04267 3.42 19
i=1

-0.01528 0.1066% 2.:(6 ﬂ)=— 0.1749 iins

4-43  Jop = Jec = 71(1.5)/32 = 0.4970 ify Jag = 77(1%)/32 = 0.09817 ify 1.5 = 77(1%/64 =
0.04909 ifi, andlcp = 77(0.75)/64 = 0.01553 ih

gz(T_Ij +(T_|j +(T_|j :I(|OA+|AB +IBCJ
GJ OA GJ AB GJ BC G ‘]OA JAB JBC

_250(12)( 2 9 2 ;
+ +

=0.0260rad Ans .

~11.516 )\ 0.4970 0.09817 0.4970
Simplified
Tl 250(12)(13)

* GJ) 11.516)( 0.0981F

6, =0.0345rad Ans .

Simplified is 0.0345/0.0260 = 1.33 times greaténs.
Flol Flo® 250( 13

e A (R (13) +0.0345(12)
3El 3El,, 3(30)16( 0.0490p

Yy, =0.847in  Ans.

25¢ 12)
3(30)1¢ 0.01953

4-44 Reverse the deflection equation of beam 7 of TAb®e Using units in Ibf, inches
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y=- 2?:')5(' (2|X2 -x3-1 3) =-— 25(32801/61(3 :8}5{ 2( 25) %2 — 3 _[ 25( 1313}

=7.159 101°)x[ 21 10)- 6002+x3} Ans .

The maximum height occursyat 25(12)/2 = 150 in

Yoo = 7-159(10°°) 150 2{ 19~ 60 18p+ 18p= 1.812in Ans

4-45 From Table A-9, beam 6,

Y, :F_bX(XZ +b2—|2)

Yo =g (€ +0x=1%)
%:%’I(w%bz—v)
dy,| _Fb(b’-1?)

ax |, 6Ell

4

Let Ezﬁ and set :ﬂ. Thus,
dx 64

x=0

1/4

32Fb(b?-1?)
3l &

L Ans.

For the other end view, observe beam 6 of Tab&fhm the back of the page, noting
thata andb interchange as doand x

1/4

32Fa(|2 —az)
3rTElé

R

Ans.

For a uniform diameter shaft the necessary dianetbe larger ofd, andd,

4-46 The maximum slope will occur at the left bearimgzorporating a design factor into the
solution ford, of Prob. 4-45,
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| {32an(|2 —bz)r

3mElé

i- §/32(1.28)(3000)(20(() 300- 26p
- 377(207)16 (300)(0.001)
d=38.1mm Ans.

7(38.1
| = (64 ):103.4(16) mm

From Table A-9, beam 6, the maximum deflection wdcur inBC wheredygc/dx = 0

E[M(Xz+a2—2|x):|=o = 3(2—6X+(a2+ 22)= 0
dx| 6Ell

3¢ -6(300x+[ 106+ £ 309 |= 0= x’- 600+ 63333 0

X :%[6001\/60(3 — 4(1)63 3333= 463.3,136.7 mm

x =136.7 mm is acceptable.

Vo :{%(XZ +az-zux)}

x=136.7mm
_ 3(10°) 10q 300- 136y

~ 6(207) 16( 103.% 1Y 39

(£136.f +106- £ 30p 136/~ 0.0678 mmAns

4-47 | = 7(1.25)/64 = 0.1198 i From Table A-9, beam 6

5:\/[%(% +a12—2lx)} +[%I'I2|X(x2+b22—| 2)}

=H 150(5)(20- 8) (e

6(30)16 ( 0.119p (20) +o _2(20)(8)}

6(30)10 ( 0.1198 (20)
=0.0120in Ans .

R ——
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4-48 | = 7(1.25/64 = 0.1198 ifi For both forces use beam 6 of Table A-9.
ForF; = 150 Ibf:

0<sx<5
_Fbx )= 150( 19 x +15° - 207)
=T (b -17) = 6(30 16( 0.119% 2 )o(
=5.21710°) x(x* - 175 Q)
2sx=<20
_Ra(l-x),, 150( 5)( 20-x)
=T [ +af-a) = 6(30) 10 0119)3(
=1.739 10°)( 20-x)(x*- 48+ 2p (2)
ForF;, = 250 Ibf:
0=sx=<10
_RbXy o ooy 250(10 x 2 e
6Ell (¢ +bi-17) 6(30) 16 ( 0.119§ 2p(x +10°-20)
=5.797( 10°) x(x* - 300 (3)
10sx<20

el ) el 204

6Ell 6(30 16 ( 0.119§
=5.797(10°)( 20-x)(x*~ 48+ 10D (4)

Plot Egs. (1) to (4) for each 0.1 in using a sgsbaet. There are 201 data points, too
numerous to tabulate here but the plot is showovibelvhere the maximum deflection of
0=0.01255 in occurs at= 9.9 in. Ans.

0.015

0.01 ,/_ BN
0.005 / \

Displacement (in) 0 — == =yl(in)
N 4T — =2

-0.005

'\, i Total (in)

-0.01 ~ -

-0.015

x (in)
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4-49

The larger slope will occur at the left end.
From Table A-9, beam 8

=—2-(x*+3a’-6al +2°
Yas = 6EI( )
DB - Ms (52, 302 ol + 27)
dx 6Ell
With | = 77d¥/64, the slope at the left bearing is
Yeg =HA—M—4(3a —6al +27)
oX o 6E(rmd* / 64)1
Solving ford

32Ms (302 2y [ 32(1000)
- \/3ﬂE9|(3a e )_\/ Tr@00 .00 ¢ - 6@ £ 19

=0.461in ANS .

4-50

From Table A-5E = 10.4 Mpsi
SMo = 0 = 18Fsc - 6(100) = Fgc = 33.33 Ibf
The cross sectional area of 8@ is A = 77(0.5)/4 = 0.1963 iA

The deflection at poirB will be equal to the elongation of the rB@.

_(FL) _ 333312 _ 5
yB—(AEjBC (02963 34 19 6.7910°) in Ans.

4-51

ZMO =0= 6FAC - 11(100) = FAC = 183.3 Ibf

The deflection at poim in the negativg direction is equal to the elongation of the rod
AC. From Table A-5Es = 30 Mpsi.

:_(EJAC:_[ ( 183.9 13 =-3.73510%) in

AE n(0.8) 143 16)

Ya

By similar triangles the deflection Btdue to the elongation of the ré€ is
Yo=Y o y =3y =33.73510' =- 0.00112 in

6 18
From Table A-5F, = 10.4 Mpsi

The bar can then be treated as a simply suppbetgoh with an overhamyB. From Table
A-9, beam 10,
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Ve, (BD)(dyBC

_Fa’ _ F(x-1)
X=I+a} 3El +a)_7{dX£ 6El [( ) mald- I)]j}

dX x=l+a 35'
=7 (301~ B2 (1) L o (Fa)e - (24
__ 7(100 5 _ 100(8)
~ 6(10.4)16( 0.25(2 )12)[2(6)+ 36) 3(10.4)16( 0.25(2 )/1)2(6+ °)
=-0.01438 in

Y8 = Ye1 +Ys2 = — 0.00112- 0.01438 =- 0.0155in  Ans.

4-52 From Table A-5F = 207 GPa, an@® = 79.3 GPa.

vl = T | (T | Pl Flode® | Flele®  Flg’
yB AB AB 4 4 4
GJ )oe Gl )i *® BBl G(mdy/32) G(rmd,.'/132) FE(md," /164

=32FIABZ[ S P }

m | Gdy' Gd,' 3Ed,.*

The spring rate ik = F/ |yg|. Thus

-1
- 32|AB2 IOC + IAC + 2AB
7 | Gdy' Gd, ' 3Ed,.*

P e e e

7 |79.316)18 796 1) 2 (3207 10°
=8.10 NNmm  Ans.

4-53 For the beam deflection, use beam 5 of Table A-9.
_r=F
R=R ==
o= P andd, =—

9" 52x+ (4x -3%)
I 48El

1. kK X 2 _ 3
=F|-——+ X+ 4x° -3 Ans .
Yoo [ 2k, 2kk) A&l ( )}

Yag = _51 +
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ForBC, since Table A-9 does not have an equation (becailusymmetry) an equation
will need to be developed as the problem is nodosgmmetric. This can be done easily
using beam 6 of Table A-9 with= 1 /2

yo ==F SR -Fk (I/Z)(I_X)(x2+ﬁ—2lxj
2 2Kk Ell 4

:F{_i_'_kz_iﬁx_,_(l_ )(
2k, 2kk) 48|

4x? +I2—8|x)} Ans .

R =12, andR, = (+a)

5=F2 ands, =1 (+a)
K ik,
yAB=—51+5ﬁ52x+g;X|(|2-x2)
yAB=F{-:| kklz[ka G (1+a)]+-207 - x } Ans.
yBC:—51+51|52 Fé’l‘z ')[(x 1) ~a@x-1)]
yBc:F{—k1| klklz[ka i (1+2) ]+ EE 0 (x-1y7 - agax- |)]} Ans.

4-55 Let the load be at>1/2. The maximum deflection will be in SectidB
(Table A-9, beam 6)

Fbx

Vg = oE ”(x +b* - I)

Woo - D (52 1p212)=0 = ac+b2-12= 0
dx  6Ell

1? -b? |2
= 3 Xoax = 5:0.577 Ans .

Forx< 1/2, x., =1-0.571 = 0.42B  Ans .
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4-56
M, =1(3000)(1500¥% 2500(2000) 3m

=9.5(1¢) N-mm - - N
R, =1(3000)+ 250G= 5500 N | KN/m

AL
0 W
A A

From Prob. 4-10, | = 4.14(30 ) nim

M =-9.5(10)+ 550&——2— 250(»< -2000

El gi:—g 5(10)x+ 275&° -2- - 125(x~ 2000+C,

Y _0atx=0 0C =0
dx

El gi— ~9.5(10 ) x+ 27562~~~ 125(x- 2000

4
Ely =-4.7516) x*+ 916.673—21— 416.6%- 20p0+C,
y=0atx=0 0OC,= 0 and therefore

1

Y= [114(1(?)x - 24 10)x°+x“+ 10 1§(x- 2096}

Yo =~ 21507 16 (AT 7/ 114(16) 3000~ 2¢ 1Y 30d0

+3000 + 1q 16)( 3008 2090
=-254 mm  Ans.

Mo = 9.5 (16) NIh. The maximum stress is compressive at the batfctime beam where
y =29.0-100 =- 71 mm

-9.5(10) ¢ 72)

4.14(16)
The solutions are the same as Prob. 4-10.

g . . =

max

@ - =-16316) Pa=- 163MPa Ans

4-57 See Prob. 4-11 for reactioiRs = 465 Ibf andRc = 285 Ibf. Using Ibf and inch units

M = 465x — 450(x — 72' - 300(x — 120"
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gy 232.5¢ - 228x~- 7¥ - 150k~ 130+C,
EIy—77.5x —75(x—72) —50(x—12@ - Cix

y=0ax=0 = GC;=0

y=0atx=240in

0 = 77.5(248) - 75(240-72)> - 50(240- 1208 + C; x = C; = - 2.622(16) Ibflih?
and,

Ely = 77.5x% - 75(x — 72* - 50(x - 120° -2.622(106) x

Substitutingy =— 0.5 in atx = 120 in gives

30(10) | (- 0.5) = 77.5 (12} - 75(120~ 72f - 50(120~ 120Y -2.622(16)(120)

| =12.60 it
Select two 5 ix 6.7 Ibf/ft channels; from Table A-¥= 2(7.49) = 14.98 ih
ymidspan = @(_}j =-0.421in Ans.
1498, 2

The maximum moment occursxat 120 in wheréMmax = 34.2(16) Ibfih

_Mc _34.2d0)(25 2010 )(2 o). 5710 psi O.K.

The solutions are the same as Prob. 4-17.

458 | =m(1.5%/64 = 0.2485 ify andw = 150/12 = 12.5 Ibf/in.
R, :%(12.5) 39+£1 (340F 453.0 Ibf
M :453.0<—£5x2 34@x- 15
B Y- 2650
dx
Ely =75.5¢ - 0.5208" - 56.6(x~ 35+Cx+C,

125 x* - 17@x- 15 +C,

y=0atx=0 = C,=0

y=0atx=39in = C,=- 6.385(10) Itaf fnThus,
_1 3_ 4_ -

y=5|75.5¢ - 05208" - 56.6(x- 95~ 6.3¢5 x|

Evaluating ak = 15 in,
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_ 1 B B .
Vo= 3000 )(0.2485&5.5(13) 0.520 19- 56.47 5 J5 6.485'J0 ﬂls)

=-0.0978 in Ans.

1
= 75.5(19.8)- 0.5208 19— 56.67 19:5 )i B8z .
Yimidspan 30(1(?)(0.2485& 5.519.8)- 0.520p 19%- 56.67 19:5 )i5  6.683)10 E()L]E)
= -0.1027 in Ans .
5 % difference Ans.

The solutions are the same as Prob. 4-12.

3(14) 100

_ 1} 100
459 |1 =0.05if, R, = =420 Ibft and R, = { 1% 980 Ibfi

M =420x - 50%% + 980( x — 10)*

El gy 210¢* - 16.66%° + 490x- 10+C,
X

Ely =70x° - 4.16%" + 163.8«- 10+Cx+C,

y=0atx=0 = C,=0
y=0atx=10in = C;=-2 833 Ibfih®. Thus,

70x° - 4.16%" + 163.8x— 1 28
30 1O5 OOJ g * <3X ﬁ 3%

:6.667( 107)[ 700~ 4.167'+ 1633~ Y0~ 2883  Ans
The tabular results and plot are exactly the sasnerob. 4-21.

y=

4-60 Ra=Rs =400 N, and = 6(3%) /12 = 16 384 mth
First half of beam,
M = - 400x + 400( x — 300)*

El gi = -200° + 200 x~ 30) +C,
From symmetrydy/dx = 0 atx =550 mm = 0 =— 200(556) + 200(550 — 300) + C;
=  C;=48(16) N-mnf

Ely = - 66.67x° + 66.67( x — 300)° + 48(10) x + C,
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y=0atx=300mm = C,=-12.60(18) N-mn?.

The term EI)™ = [207(16)16 384]* = 2.949 (10™) Thus

y = 2.949 (10" [- 66.67xC + 66.67( x — 300)° + 48(10) x - 12.60(108)]
Yo=-3.72 mm Ans

Yk = 550 mm=2.949 (10'°) [- 66.67 (556) + 66.67 (550- 300Y
+ 48(16) 550- 12.60(16)] = 1.11 mm Ans.

The solutions are the same as Prob. 4-13.

4-61
> My =0=RI+Fa-M, = R1=%(MA—Fa)

> M,=0=M,+RJ-F(+a) = RZ:%(FI +Fa-M,)

M =Rx-M,+R,(x—I)'

El ﬂ:%RXZ—MAH—;RZ(x—l}HCl

Ely=%RlX3—%MAX2+—(]5'R2<X—|>3+C1X+C2

y=0atx=0 = GC,=0
y=0atx=l = Clz—%RlI2+%MAI.Thus,

1 1 1 3 1 1
Ely==RX®-=M X +=R (x=1)" +| —=RI?+=M,| |x
= gRX =M+ SR x) o —gRI s, |

1

=ﬁ[(MA—Fa)x3—3MAx2I +(Fl +Fa—MA)<x—I>3+(FaI2+2MAI2)X} Ans,

y

In regions,

-1
~ BEIl
=6?X”[MA(XZ—3IX+ZZ)+Fa(I2—x2)] Ans.

Ve [ (M, —Fa)x* ~3M o1 +(Fal >+ 2M 1 ?) x|
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=

1
()]
mir
— = =

Yac (M, =Fa)x’ =3M 1 +(Fl + Fa=M, ) (x~1) +(Fal* +2M,1?) x|

o
m

MA[X3—3X2| —(x=1)"+2« 2}+F[—ax3+(| +a)(x-1)’+ax 2}}
M (x=1)12+ FI (x=1)[ (x=1) ~a(3x-1) |
{_MA'+F[(X")2‘3(3X-')}} Ans.

=

—
=< @
[—

o)
m

The solutions reduce to the same as Prob. 4-17.

4-62 ZMD:O:Ril—w(b—a)[l—b+%(b—a)} N a:@(z—b—a)

M = Rx—%(x—a}z +%<x—b)2

1
El ;—di :ERlx2 —%(x—a}3 +%<x—b}3+c1
EIy=%F¢1x3 -Z(x-a)'+

o Z(x-b)* +Cx+C,

24

y=0ax=0 = GC;=0
y=0atx=|I

Ll w A, W 4

y:é{%@(z _b—a)x3—%<x—a>4+ﬂ<x—b>4

A2y o]

{2(b-a)(21-b-a)x* -1 {x-a)" +I(x-b)’

_w
24Ell

~x[2(b-2)(2-b-a)i*~(1-a)'+(1-b)'}  Ans

The above answer is sufficient. In regions,
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Vio = 5| 2(b-2) (2 ~b-a)x’~x| 2(b-a)(2-b-a)I*~(I-a)" +(I -b)‘j}

m

= 2;"2” |2(b-a)(2~b-a)x*~2(b~a)(2~b-a)I*+(1~a)" ~(1-b)’|
Vec =ﬁ{2(b—a)(2 ~b-a)x*-I(x-a)*
~x[2(b-a)(2-b-a)1*~(1-a)" +(1-b)']
Yeo :ﬁ{z(b—a)(z ~b-a)x* -1 (x-a)* +I(x-b)"

~x[2(b-2)(2-b-a)i*~(1-a)' +(1-b) ]}

These equations can be shown to be equivaleheteesults found in Prob. 4-19.

4-63 |, = 1(1.375)/64 = 0.1755 ify I, = 7(1.75)/64 = 0.4604 ify
R. = 0.5(180)(10) = 900 Ibf

Since the loading and geometry are symmetric, Wenly write the equations for the
first half of the beam .

For0sx<8in M =900x- 90(x— ¥’ T

At x = 3,M = 2700 Ibfih V\

Writing an equation foM / |, as seen in the figur
the magnitude and slope reduce since | ;.

To reduce the magnitude»at 3 in, we add the
term,— 2700(11 1 — 1/1,)( x— 3)°. The slope of 900 at= 3 in is also reduced. We
account for this with a ramp functiopx — 3)* . Thus,

'\I/'—: 900X—270({—1—|—1j<x— 3’ - 90(§—1——1j<x— ;f—l—gz?x— ¥

ll Il 2 I1 I2

=5128- 952@x— ¥ - 317&- )3- 195%- )3

E%:2564x2— 952@x- ¥ - 158(x— J3- 65.1%- )3+C,

Boundary Condition:flj—y =0 atx=81in
X
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0=2564§° - 952¢ & p- 15§78 )3- 65.17-8)°3C, =

C1=-68.67 (16) Ibf/in?

Ey=854.7%" - 476Qx— ¥ - 52&- 8- 16.28- )3- 68.67{04C,

y=0ax=0 = C,=0

Thus, for £ x< 8 in
1

30(10)

y:

854.7¢ - 4760x~ § - 526~ 13- 16.29- )5 68.710)) Ans

Using a spreadsheet, the following graph repregbetdeflection equation found above

Beam Deflection

0
J’\L 2 3 4 L
-0.002 -

-0.004 - \
y (in) 0.006 \\

-0.008 - \

\
-0.01 - e ——
-0.012 - _
x (in)
The maximum isy,, =-0.0102 inak= 8in Ans .
4-64 The force and moment reactions at the left suppc .I |

areF andFl respectively. The bending moment £

equation is Q Al EI sl
o

M = Fx - Fl :

Plots forM andM /I are shown.

M /I can be expressed using singularity functions

Shigley’'s MED, 10th edition
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M_F _ Fl Fl I\° F I\

— =—X————(X——) +—(X——

|21, 2, 4, 2,

where the step down and increase in slope=at/2 are given by the last two terms.
Integrate

1 2
EQ:LXZ—F_Ix—ﬂ<X_|_Z> +i<x—|_2> +C1
dx 4, 2, 4, 4,

dy/dx=0atx=0 = C;=0

2 3
F 3 ﬂxz—ﬂ X—I_ + F X—l_ +C2
"1, a4, 12,

y=0ax=0 = C,=0

__F 3 _ A2
y( a3l +{xt)
F 1 (] 5F|°
e = 225 {Z(EJ _a(zj ~a0r 2(0)}_9631 ANS .

o= 2060731 a3 e

The answers are identical to Ex. 4-10.

4-65 Place a dummy forc€), at the center. The reactid®,=wl /2 +Q/ 2
2
M :(ﬂugjx_ﬂ M _x
2 2 2 0Q 2
Integrating for half the beam and doubling theultss

e [ 1

Note, after differentiating with respect@ it can be set to zero

112

w ¢ X3 x* 5w
ymaxz__[ dX—— a4
2El 2EI{ 3 4 o

=—— Ans.
384

4-66 Place a fictitious forc® pointing downwards at the end. Use the variabteiginating at
the free end and positive to the left
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M =-Qx- > %:_X
17 (oM Ll wx®), W ¢,
I IR LR A
—wl4 Ans.
8El

4-67 From Table A-7);.1= 1.85iff. Thus,| = 2(1.85) = 3.70 ih

First treat the end force as a variable, y

Adding weight of channels of 2(5)/12
0.833 Ibf/in. Using the variablg as < 60 in >
shown in the figure
150 Ibf
5 833 5 Ibf/in
M =-F -2 =P x-200% [ .
0 y A
m_ A
oF 1 -
1 c60. M 1 r60 1 0
0,=—| M—dXx=—| (FX+2917%° dx=— Fx® /3 2.91%* /
AOEN e T oF El jo( ) El Ex 43

= (150)(66 ) /3 (2'917)(6@ )/Aéo.182 in in the direction of the 150 Ibf force
30(10 )(3.70)

Oy,=-0.182in Ans.

4-68 The energy includes torsion AC, torsion inCO, and bending iAB.
Neglecting transverse shearAB

M =Fx, a—M:x
oF

In AC andCO,

oT
T:FlAB’ ﬁzIAB

The total energy is

2 2 I s 2
U= T + I +IM—dx
2GJ ). (263, 1 %l
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The deflection at the tip is

Iag Iag
LU _The 0T, Tleo 3T M M Tl Theolws o
" OF Gl 0F Gl oF 1 El,0F Gl,, Glo Elgy

3 2 2 3
:TlACIAB +T|COIAB + I:lAB — IAC'AB + ICOIAB + I:lAB

Gl Gl 3Bl G(md)./32) G(mi, /32 FE(mdy, /64

:32F|§\B( IAC + lCO + 2AB ]

7 |Gd%. Gd% 3EdL
-1
k=s=L ( ey oo 2|AB4J
0 323\ Gdy. GdSf 3Edg
-1
. 200 200 2(200
_ + + =8.10 N/mm Ans .
32(206){ 79.810) 18 79(3 &p 12 (3 27 3(04)l o

4-69 |, = 1(1.375)/64 = 0.1755 ify I, = 7(1.75")/64 = 0.4604 if

Place a fictitious forc® pointing downwards at the midspan of the beam8 in

R :%(10)180+—;Q = 900 0.9

ForOsx<3in M =(900+ 0.8)x ‘Z—'\é-o&
oM

For3sx<13in M =(900+ 0.8))x~- 90k- 3) 0 0.5

By symmetry it is equivalent to use twice the gt from O to 8

MoM | _ 17 1 ¢  adu_
(2] LO_E_MPOO(ZdHEIg[gO& 9fx~ ¥ |xox

El 80
3 8
- 300 +—1[300x3—9091x4—2<3+—9x2)}
El, || El, 4 2",

_8100 _ 8100 120.2( 16)
= EI [1455(16) 253 ﬁﬂ_30(1@)0.1755 30 19 0.4604

=0.0102 in ANS.
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4-70 | =(0.5Y/64 = 3.068 (10) in*, J = 21 = 6.136 (10%) in*, A=77(0.5)/4 = 0.1963 if

Considerx to be in the direction dDA, y vertically upward, and in the direction oAB.
Resolve the forcE into components in theandy directions obtaining 0.5 in the
horizontal direction and 0B in the negative vertical direction. The G=6orce creates
strain energy in the form of bendingAB andOA, and tension i©A. The 0.8F force
creates strain energy in the form of bendingiBandOA, and torsion irDA. Use the
dummy variablex to originate at the end where the loads are appleeach segment,

oM

6F: AB  M=06FX  ——=0.6x
oF
OA M=42F M _ 42
oF
F=06rF -
oF
0.8F: AB M=08Fx M_ox
oF
on m=osx M_ox
oF
T=56F T-s56
oF

Once the derivatives are taken the valuE ef15 Ibf can be substituted in. The deflection
of B in the direction of is*

U (FL) oF (TL
=—— =| - a a }: M -
(%) oF ( AE ]OA oF (JG)OA oF El J d X

_0.6(1915 (0.6)+ 5.6 15 15
01969 3() 10" 6.13¢ 103) 116 1@

( 2) fax
3() 19 3.068 19

30(1(?) 3. 06I€ 10) 3() 9 3. 8§103)I
=1.38(10°)+ 0.1008 6.{1 1))+ 0.0431 0.019 0.1173
=0.279 in  Ans.

(1(?) 3. 06I€ 10)

di

o=
[
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*Note. Be careful, this is not the actual deflentdf pointB. For this, dummy forces must
be placed o in thex, y, andz directions. Determine the energy due to each, take
derivatives, and then substitute the values,of 9 Ibf, Fy = - 12 Ibf, andF, = 0. This can
be done separately and then added by vector additte actual deflections & are
found to be

& =0.0831 - 0.2862] — 0.00770k in

From this, the deflection & in the direction of is

(0;),. =0.6(0.083}+ 0.8 0.2892 0.279in
which agrees with our result.

4-71

Strain energy AB: Bending and torsioBC: Bending and torsiorCD: Bending.

lag = 77(1%/64 = 0.04909 if) Jag = 2145 = 0.09818 i}, Izc = 0.25(1.8)/12 = 0.07031 ify
lep = 77(0.75)/64 = 0.01553 ifh

For the torsion of baBC, Eq. (3-41) is in the form a#=TL/(JG), where the equivalent of
J is Jeq = foc. With bic = 1.5/0.25 = 6Jsc = foc® = 0.299(1.5)0.25= 7.008 (10°) in®,

Use the dummy variabl® to originate at the end where the loads are appledach
segment,

AB: Bending M =FX+2F %—l\lf—x+2
Torsion T =5F 9T
oF
BC: Bending M =FX M _ X
oF
Torsion T =2F LIS
oF
CD:Bending M =FX M _ X
oF
ouU Tl oT -
== _ 4 _ - X
°OF JG oF 2 El j

5F (6) .

- ( 2
©0.0981¢ 11.5 "7, oos( 10°) 116 1@ 3(0 f() 0 049é (x+2)d

2 p—

. 1

30(10) 0.0703{ 3() f() 0. 015%
=1.32910°)F + 2.48p 10)F+ 1.141 1JF+ 1p8ipF+ 572%9@
=5.207( 10°) F =5.207( 10°) 20G= 0.104in  Ans .
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4-72 Ang = 1(1%)/4 = 0.7854 if, |as = 77(1%/64 = 0.04909 ify Igc = 1.5 (0.28)/12 = 1.953
(103 in?, Acp = 77(0.75)/4 = 0.4418 ify, | 55 = 77(0.75)/64 = 0.01553 ifs For (&% )x let
F = Fx=- 150 Ibf and~, =- 100 Ibf . Use the dummy variabbeto originate at the end
where the loads are applied on each segment,

_ oM,
CD: M, =FX =0
oF
- oF, _,
oF
- oM, __
BC. M, =FX+2F, aFy:X
Fa: z aFa:O
oF
_ oM
AB: M, =5F+2F,+FX = =5
F,=F A
oF
5
(3) :a—U=(i] F, L [(Fx+2F,)xdx
“ OF \AE ) OF Elg s
6
= f(5F+2Fz+Fz¥)(5)dx+(i] OF,
o AE ) 5 OF
F(2) 1 [F 3 2}
= 1)+ —(5)°+F,(5
0.441¢ 30 16() 30(1¢) 1.958 10) 4) .(5)

F(6
+30(103)10.o490£25F(6)+ 16 ( Q+%( %) %Jr 0.7854§ ;g, ks

=1.509 10")F + 7.11f a*)F +4.267 10*)F, + 1.01f 10)F
+1.019 10°)F, + 2,546 10)F = 8.135 19F + 5.28671JF,

Substituting= = Fx = - 150 Ibf and~, = - 100 Ibf gives

(3,), =8.135 10*)(- 159+ 5.286 10)(- 10& - 0.1749in Ans

4-73 lop = lgc = 1(1.5/64 = 0.2485 ify Joa = Jsc = 2loa = 0.4970 iff, 1 = 77(1%)/64 =
0.04909 iff, Jag = 2148 = 0.09818 iy, Icp = 77(0.75)/64 = 0.01553 ih

LetF, = F, and use the dummy variabjeto originate at the end where the loads are
applied on each segment,
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oM =X, T=12F a—T=12
oF

ouU TLY 0T 1 oM
o) =—=>)|—| —+) —|M—dX
(%), oF Z(JGJOC oF Z:Elj oF
The terms involving the torsion and bending momen@C must be split up because of
the changing second-area moments.

_ 12F (4 1F(9 1 f oo
(%), = 0.497(( 11.5 w2 0.09818 1.5 733 30(10) 0.2485[ Fxax

1 I 1 S
"30(10) 0.04904F X "1 024 g X
=1.004 10°)F + 1.14f 10)F + 3.48 1§F
+2.994 10')F + 3.87f 10)F + 1.23¢3 T)F
=2.824 10°)F = 2.824 16) 256 0.706in  Ans

1 12|:—2d—
Bo®Jo 0.01453)( ”

For the simplified shafdC,

12

12F (13 1 A 1 oo
= 12)+ FXdX+ F X°d
(%), 0.0981¢ 115 o 30(105)0.04904 2 3p 1) 0.01553 >

=1.658( 10°)F + 4.978 10)F + 1.2363 T0F = 3.4923F = 3092710 250
=0.848 in Ans.

Simplified is 0.848/0.706 = 1.20 times greatans.

4-74 Place a dummy ford® pointing downwards at poift The reaction at is
Rc =Q + (6/18)100 Q + 33.33
This is the axial force in membBC. Isolating the beam, we find that the moment is not a

function of Q, and thus does not contribute to the strain energys,Tonly energy in the
membeBC needs to be considered. Let the axial ford8GrbeF, where
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F=Q+33.33 —=1

5= :Kij a—F} __ (0+33.3912 (1)=6.7910°) in  Ans.
0Ql-, [\AEJxc0Q]o, |7(0.5)/4]3( 16)
4-75 log = 0.25(2)/12 = 0.1667 if R,
Anc = 1(0.5)/4 = 0.1963 iA C

, 100 Ibf _
RO 12 in o
2Mo = 0 =6 Rc — 11(100)- 18Q l 6in 5in 7in

Re = 30 + 183.3 Ou A pr B
X X

SMa=0=6Ro-5(100)-12Q = Ro=2Q+ 83.33

Bending inOB.

BD: Bending inBD is only due tdQ which when set to zero after differentiation
gives no contribution.

AD: Using the variabl& as shown in the figure above

5=

M =-100% - Q( 7+X) 7+X)

OA: Using the variable as shown in the figure above

M _

M =-(2Q+83.33x 20

- X

Axial in AC:

oF
F=3Q0+1833 —=3
3K 0
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S (65 SIRCSE LN

" 0. 1132:{:{31()316(3) L 0(100)()( 7+X)d X+I 4 83.3px%dx

1 SN
:1.12]( 103)+10.4(1(?) 0.166£ 10i5x( #X)d X+ 166fo2dx}

=1.12110°)+ 5.768 10)[ 1q0 1292 18672)]= 0.0155in Ans .

4-76 There is no bending iAB. Using the variabl@ rotating counterclockwise froB

M =PRsin8 M . Rsingd
oP

F. =Pcosf oF _ co¥
oP

F, =Psiné 9, sind
oP

OMF, _ 2PRsirt 8

A=6(4)=24mnf ,r,= 461 (6% 43mm; = 40. (6) 37 mm,
From Table 3-4, p. 135, for a rectangular crostGe

r, -5 . 39.92489 mm
In(43/37)

From Eq. (4-33), the eccentricity s= R —r, =40—- 39.92489 = 0.07511 mm
From Table A-5E = 207(16) MPa,G = 79.3(16) MPa

From Table 4-1C=1.2

From Eq. (4-38)

= Zi(aﬂjd9+j2@(aijdg—jzi ( 9)d8+IZCFrR(aijd6
o AeE\ 0P o AE \ 0P °oAE 0P o AG (0P

7 CPR( co®)’

R 9 7 PR( sind
_.[ sin J~2 (sing)’ do— J- 2PRS|n26?d8+J~2 40
0 AE 0 AG
ﬂPR(R e EC] 77(10)(40) 40 . ,, (200110)@2
4AE G ) 4(24)(207118 ) 0.07511 798 10

0=0.0338 mm Ans .

Shigley’'s MED, 10th edition Chapter 4 SolutionagP 53/80



4-77 Place a dummy ford® pointing downwards at poi#t Bending inAB is only due tdQ
which when set to zero after differentiation givescontribution. For sectioBC use the
variableg, rotating counterclockwise froB

M =PRsind+Q(R+Rsind) M R( T+ sird)
F. =(P+Q)cost gg: co®
F,=(P+Q)sing 3—2’: sing

MF, =[ PRsin@+QR(1+ sing) |(P+Q) sirg

ag/'—(;f’: PRsin’ §++PRsind( 1+ sird)+ BR sid( 1 sifl)

But after differentiation, we can s8t= 0. Thus,

OMF, _ PRsing(1+ 2sind)
oQ

A=6(4)=24mnf ,r,= 461 (6% 43mm; = 40 (6) 37 mm,
From Table 3-4, p.135, for a rectangular crosti@ec

r, =% - 39.92489 mm
In(43/37)

From Eq. (4-33), the eccentricity s= R —r, =40—- 39.92489 = 0.07511 mm
From Table A-5E = 207(16) MPa,G = 79.3(16) MPa

From Table 4-1C=1.2

From Eq. (4-38),

" . s 1 d(MF
_(tM (oM do + : FR(0F, dg- : 1 ( 9)d9 I s CFR( dF 40
° AE(0Q ° AE | 0Q o AE 0Q o AG (0Q
_ PR (5. . PR
__j sm6(1+ sing) dg+-— sﬁgdg__.[ sif( & 2sifl)de
AeE AE Jo
CPR

_(n jPRZ PR (n+2jPR 7CPR PR_(n jR ITCE}

—+1 — =
4 AeE 4 AE | 4 AE 4 AG AE|

10( 40 (77 ] 40 m 1.4 207 19)
= S 4] |-+ S
24( 207 16 007511 479.316) |

=0.0766 mm Ans.
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4-78 A=3(2.25)2.25(1.5) = 3.375
R = (1+1.5)(3)(2.25r (;’rgggs 1.125)(1.5)(2.28), ;o i

Section is equivalent to the “T” section of TaBid, p. 135,
2.25(0.75) 0.75(2.25) ~1.7960 in

r. =
"~ 2.25In[(1+ 0.75)/1} 0.75In[* 3)/@ 0.75)]
e=R-r =2.125 1.796@ 0.329 in

For the straight section
21
| _1—2(2.25)(§)+ 2.25(3)(1.5 1.125)

2

1 2.25
_ 1_2(1.5)(2.28)+ 1.5(2.25{) 0.76= =~ 1.1%5}

=2.689 irf

4in

For 0<sx<4in

M =-Fx aﬂ=—x, V=F N -
oF

For @< 1/2

ﬂ: sth

F. = Fcosf oF - co¥ , F,=F sié
oF

: oM :

M = F(4+2.125sird ) - (4 2.125s# )

MF, = F(4+ 2.125sir0 F sir® OMF,

= E (4 2.365sh )sh

Use Egs. (4-31) and (4-24) (with= 1) for the straight part, and Eq. (4-38) for the
curved part, integrating from 0 102, and double the results
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5.2 —1_[4Fx2dx+ F (4)Q) [ (4+ 2125518 7), )
E |l 3.375G /E) 3.375(0.329)
+J-n/2Fsin20(2.125)d9_.[m2 T (4 2.125sif )sih

0 3.375 0 3.375
+J-n/2 (1)F cos @ (2.12559
o 3.375G /E)

do

Substitute 1 = 2.689 iff, F = 6700 Ibf,E = 30 (16) psi,G = 11.5 (16) psi

S0 e st st 2947
- 30(10) 3(2-689+3.375(11.5/3o+) 3.375(0.3 3)6 $17(1) 451

2 52{ 4) _T:Zwk(l) * 2'12{7_3} ' 3.37(25.11215.5/;&)5)}

=0.0226 in Ans.

4-79 SinceR/h = 35/4.5 = 7.78 use Eq. (4-38), integrate from @rt@nd double the results

M =FR(1 - co¥) ‘;—'\é': R(1- co8)

F. =Fsind oF _ sind
oF

F, = F cosd 9% - co¥
oF

MF, = F?Rcosd( 1~ co#)
o(MF,) _
oF

=2FRcog( 1~ cof)

From Eq. (4-38),

e 2{—] (1- cod §do+ Ej: coé6dd

_2FR

22 [/ cost(1- cos)do+I 22 [" s ﬁHdH}
AG

2FR(37R 37 E
= ——+—+0.67—
2 e 2 G

A=4.5(3) = 13.5 mA E = 207 (16) N/mn?, G = 79.3 (16) N/mn¥, and from Table 3-4,
p. 135,
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_h _ 45 _
fh=—= 37.25—34.95173 mm
N In
I 32.75

ande=R -r,=35-34.95173 = 0.04827 mm. Thus,

2F (35
- (39 [3_” 35 L3, 0672 207) 0.08588
13.5(207 16\ 2 0.04827 2 3
whereF isin N. Foro=1 mm,F = 1 =11.65 N Ans.
0.08583

Note: The first term in the equation fédominates and this is from the bending moment.
Try Eq. (4-41), and compare the results.

4-80 R/h=20> 10 so Eqg. (4-41) can be used to deternefleations. Consider the horizontal
reaction to be applied &8and subject to the constraifd;),, =0.

=?(1—cos9)—HRsin9 T =R si @8<7ET

By symmetry, we may consider only half of the wimem and use twice the strain energy
Eq. (4-41) then becomes,

2
ou _ 2 (M oM

o) =— =%
(%) oH El oH

deH 0

0
72| FR . .
jo {—(1—0036)—HR swﬂ} (R si RdO= 0

R0 m=E= 95N A,
2 4 4 T
The reaction aA is the same whetld goes to the left. Substitutirkdjinto the moment

equation we get,

M ——[n(l cosf )~ 2sirf] ‘?}—'\é'_—{r(} co8 ) 2si#h ] <09<127
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- 2
_0U _ E_ZI(M a_MdeQ: 2 2 FR [n(l cosf )- 2sird IR d@

" oP oF El
FR3 7l 2 X 2 . .
geyeT=y IO (77 + P cos’ G+ 4siff— 2r° co8- # sifi+ A st csdp

“area (3] oo

_ (37 -8m- H)FR® _ (3 -8 4) (30)(46 )
8 El 87 207(16) [ /64]

=0.224 mm Ans.

4-81 The radius is sufficiently large compared to theewdiameter to use Eq. (4-41) for the
curved beam portion. The shear and axial compsneititbe negligible compared to
bending.

Place a fictitious forc® pointing to the left at poirA.

M =PRsind+Q(Rsind+1) %—'\(g= R sig+1

Note that the strain energy in the straight part®zero since there is no real force in that
section.

From Eq. (4-41),
5= [ M Rdg| =2 ["PRsing(Rsing+1)Rd6
o B aQ) |, B

_PR
El

2 - . PR _ 1(5°) T
, (Rsin®&+1sing)do =" (ZRH]_BO(lC?)[n(O.lZS) /6%(2(5”4)

=0.551in ANs .

4-82 Both the radius and the length are sufficientigéato use Eq. (4-41) for the curved beam
portion and to neglect transverse shear stresbéastraight portion.

Straight portion: M ,; = Px a'(\;—PAB =X
Curved portion: Mg, = P[R(1-cosd )+I] a';/'sc =[R (t coé }I]
From Eq. (4-41) with the addition of the benditigis energy in the straight portion of

the wire,
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5= j'i(MAB—a';APAB jdx+ _[:lzglliMsc a';"sc dee

|:> ) PR ¢ni2 _ 2
=g xXax+ Ijo [RA-cosd }+1]°dé
PI* PR w2, 2
== g [RP(1-2cosf+ cod6 ¥ Rl (& cad +)°[d6
_PI® PR m2r 2
==t e [R cogf-( R*+ RI) cod+ R+l ﬂde
P, PR{ R? - (2R2+2RI)+7—T(R+I)2}
3El El|4 2
_EF+ R - R(2R2+2RI)+7—TR(R+I)2}
EI|3 4 2
_ 1 r - 5[ 2(5 )+ 2(5)(4] (% )f}
30(10)7( 0.128) /6
=0.850in Ans.

4-83 Both the radius and the length are sufficientigéato use Eq. (4-41) for the curved beam
portion and to neglect transverse shear stresbéastraight portion.

Place a dummy forc€), atA vertically downward. The only load in the straiglettion is
the axial forceQ. Since this will be zero, there is no contribution

In the curved section

M =PRsind+QR(1- co¥) %—'\é =R( t cof)

From Eq. (4-41)

5= [ 2 MM lrdo| = ["PRsin[R(1- cos) JRd6
o Bl 0Q) ), EI

3
= PEF: [ (sing - sing co®)de =

El 2) 7 2E

PR3( . 1] _PR?
2

= 1(53) =0.174in  Ans
2(30) 16| 7( 0.128) /64 |

4-84 Both the radius and the length are sufficienttgéato use Eq. (4-41) for the curved beam
portion and to neglect transverse shear stresbéastraight portion.
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Place a dummy forc€), atA vertically downward. The load in the straight sacis the
axial force,Q, whereas the bending moment is only a functioR ahd is not a function
of Q. When setting) = 0, there is no axial or bending contribution.

In the curved section

M =P[R(1-cosd) +I |- QR sirg M

=-R sid
0Q
From Eq. (4-41)
_ J-n/z O VI O N P[Rl cosd) +1](~R sirg) Rdg
o El 0Q 00 El

2 712 5 )
S j(RsinH—Rsianos?H sir&)da:_PR [RH_}Rj:_PR
o 2 2E|

(R+2l)

1(5)
(30)1(?[ n( 0.128) /64

Since the deflection is negatiw,is in the opposite direction . Thus the deflection is

[5+2(4)]=-0.452in

0=0.452in 1 Ans.

4-85

Consider the force of the mass tomevhereF = 9.81(1) = 9.81 N. The load AB is
tension
al:AB —

F,. =F
e oF

For the curved section, the radius is sufficietdhge to use Eq. (4-41). There is no
bending in sectioDE. For sectiorBCD, let @be counterclockwise originating Bt

M = FRsiné %—l\lf=Rsin9 O<f<m
Using Eqgs. (4-29) and (4-41)

(F' j s [ (M oM dee 1)+[" —S|n26?d¢9

AE ), oF o EI oF

_Fl +nFR3=E(I_ nR3j 9.81 g0 . 7(40)
TAE 2Bl E(A 2 207(16) [n(zz)m] 2[71( Z) /6@

=6.067 mm ANns .
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4-86 Aoa=2(0.25)=0.5ih
loas = 0.25(2)/12 = 0.1667 ify
Iac = 77(0.5Y/64 = 3.068 (10) in*

Applying a forceF at pointB, using
statics AC is a two-force member), }
the reaction forces & andC are as 10 in

shown 30 A 5

OA Axial F,=3F Joaog ’ .
oF
Bending M, =-2Fx aM—OA:—ZX
o oF
: - oM -
AB: Bending M, =-FX aFAB =-X
AC: Isolating the upper curved section
M .. =3FR(sing+ cod - } a';/lFAC = R( si@+ cad- )1
10 20
5:(1') Fon, 1 [ 4P+ [ Fx?dx
AE Jo, OF  (El) 00 (1) o
3 71/2
+ IR [ (sing+cow- )" do
(B,
__3F(10) (3)+ 4F (10) . F(20)
0.5(10.9 16 $ 100 1§ 0.1657 (3 19.4°(0 0.1p67
oF(10) 2

o L )
"30(10) 3.06¢ 10) { (sin’ 6+ 2sind cog- 2si+ cé¥- 2cs |db

=1.731(10°)F + 7.69{ 10)F + 1.548 1)F + 0.09F%+ - 1+%— +%j

=0.016F = 0.016f 100= 1.62in  Ans

3F+0O

4-87 Aoa=2(0.25)=0.5if o
loas = 0.25(2)/12 = 0.1667 ify
Iac = 77(0.5Y/64 = 3.068 (10) in*
Applying a vertical dummy forc&), atA,
from statics the reactions are as shown.
dummy force is transmitted through sec i
OA and membeAC. 30 ©

3F+Q

10 in

=]
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9Fon
0Q
AC: M, =(3F +Q)Rsind-(F +Q)R( I~ co¥) a";/'—QA%R( sif+ cod- )1

2
Jzﬁilj [aFoAj.F(ij J‘ MACaM—ACRdH}
AE Joa\ 0Q El Jac % 0Q Q=0

3Fl,, ., 3FR® 7

OA: F,,=3F+Q =1

= (AE).. + B '([ (sind+co®- )" dg
310910 , _310p 10 (5+1— 2+ 2+’—Tj= 0.462in  Ans.
10.4(16) 0.5 3¢ 10 3.048 1Y\ 4 4 "2

4-88 | = (664 = 63.62 mm
0<@<sml?2
M =FRsin@ a—M =R si#
oF
oT

T =FR(1-co¥) EZR(} co8 )

According to Castigliano’s theorem, a positive

0 U/0 F will yield a deflection ofA in the negative direction. Thus the deflection in the
positivey direction is

U

(JA)y = _G_F -

1 pm2 . 2 1 pem2 3
{EIU F(Rsme)Rdejo FIRQ cos9)}Rdt9}

Integrating and substituting =21 andG=E [ 4 #v)]

FR® 3 FR®
(3.), =‘EE+(“”)H‘2H =~[4r-8+ G- 8]
=-[4m-8+ (37— 8)(0.29)] (250)(80] = -125mm Ans .

4(200)16( 63.6%

4-89 The force applied to the copper and steel wireraby is
F. +F, =400 Ibf (1)
Since the deflections are equdl,= J,
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7))
AE ). \ AE ),

Fl _ Fl
3(77/4)(0.1019) (17.2)10 7t /4)(0.1055) (30¥L0

Yields,F, =1.6046~,. Substituting this into Eq. (1) gives

1.604, +F, = 2.6046,= 400 = F.= 153.6 Ibf
F. =1.6046-, = 246.5 Ibf

o, Sy 246.5 =10 075 psk 10.1 kpsi Ans
A 3(rr/4)(0.1019)
F, 153.6

=17 571 psi 17.6 kpsi Ans

a,
* A (71/4)(0.1058 )

o :(ﬂj = 1536(00)12) __ 0.703in  Ans
AE ). (71/4)(0.1055§ (30)10
4-90 (a) Bolt stress o, =0.75(65)= 48.8 kpsi Ans .
Total bolt force F, =60,A = 6(48.8{%) (0.8 £ 57.5 kips
. F 57.43 .
Cylinder stress g, =—--—2L= =-13.9 kpsi Ans .
Y “=TA  (1/8)(55-8) P
(b) Force from pressure
2 2
p= "% p= @(soop 9817 Ibf= 9.82 kip
2F=0
P+ P.=9.82 (1)
Sinced, =9, , _ G 5743 — P
Pc|2 = Rl & bolts ?—1-— 3743 + B, x
(m/4)(5.5-8E 6@ /405 | Jeemb = 2.8 kip

P. = 3.5P, (2)
Substituting this into Eq. (1)

Py + 3.5P, =4.5P,=9.82 = P, =2.182 kip. From Eq. (2)P. = 7.638 kip
Using the results o above, the total bolt and cylinder stresses are

2182 _ 50.7 kpsi Ans .

% = A8 8 4 08)
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7.638 .
o.=-13.9+ =-12.0kpsi Ans .
c (71 4)(55-5) P

491 T+ Ts=T (1)
T, T (JG)
g = c_=__s T = °T. 2
AT e o), T et @
Substitute this into Eq. (1)
(JG) (JG)
LT 4T =T = T =T

(36),

The percentage of the total torque carried bystied! is

100(JG),
% Torque‘: W ANs .

4-92 Ro+Rg=W (1) R
QoA = OnB t g
(ﬂj _ (L‘j B

AE AE
o - 600 mm
W= 4 kN
AOR, - S0, R=-R (2 |
AE AE 2 A——1
Substitute this unto Eg. (1) 400 mm
- -

gRB+RB:4 = R,=16kN Ans.

FromEq. (2) R, =gl.6= 24 KN Ans.

5A:(ilj ___2400(490) =0.0223 mm Ans .
AE )., 10(60)(71.7)(1d )

4-93 See figure in Prob. 4-92 solution.
Procedure 1:

1. LetRg be the redundant reaction.

Shigley’'s MED, 10th edition Chapter 4 SolutionagP 64/80



2. Statics.Ro +Rs =4 000N = Ro =4000-Rs (1)

R; (600) s (R, — 4000Q( 409)=O

3. Deflection of poinB. J; = AE AE

(2)

4. From Eq. (2)AE cancels anéks =1 600 N  Ans.
and from Eq. (1)Ro =4 000-1600=2400 N Ans.

5A:(i'j ___2400(400) __ 5503 mm Ans .
AE )., 10(60)(71.7)(19 )

4-94 (a) Without the right-hand wall, the deflection ofipioC would be

5oy Fl_ 5(1¢) 8 . A16) 5
e (7/4)0.75(103 16 (7 /% 0¥ 10)4 %0
=0.01360 in> 0.005in0 Hitswall Ans .

(b) Let Rc be the reaction of the wall @tacting to the left £ ). Thus, the deflection of
pointC is now

5(10)-R. |8 X [16)-R.] 5
¢ (m/4)0.73(10.3 16 (7 /% 0H 10)4 10

8 5
+ = 0.005
0.7% O.Sj

_ 4R
=0.01360- 7(10.4) 16 (

or,
0.01360- 4.190 16)R. = 0.005 = R.= 2053Isf 2.05kip Ans

2Fx=50004Ra-2053=0= Ra=-2947 Ibf, = Ra=2.95kip~ Ans.

Deflection.AB is 2 947 Ibf in tension. Thus

_s _Ri(8)_ 2947 9 _ 2\
% = O = AGE (m/4)0.75(10.2 16_5'13(10 ) in— Ans.

4-95 Since QOA = HABa

Toa(4) _ Tue(6)
G JG
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Statics. Toa+ Tag =200 (2)

Substitute Eqg. (1) into Eq. (2),
3 5

ETAB +T s :ETAB =200 = T =80 Ibflin  Ans.
3 3
From Eq. (1) T, ZETAB :580: 120 IbfCin  Ans.
80( 6
9A=(l) = (9 180 _ 0390 Ans.
3G e (7/32)0.5(11.5 10 7
16T 16(120 . .
Tax = = Ton= =4890 psk 4.89 kpsi  Ans .
max nd?, OA ”_(053) p p
16( 80
Tpg = ( 3) =3260 psk 3.26 kpsi Ans .
n(0.5)
4-96 Since a)A: HAB,
T4 _ T(6)

(732086 (7733 0.6 oo 0% ®

Statics. Toa+ Tas =200 (2)

Substitute Eqg. (1) into Eq. (2),

0.2963,, +T,, = 1.296B,, = 200 = T, = 154.31Iff in Ans

From Eq. (1) T,,=0.2963,, = 0.296@ 154)3 45.7 Iaf in Ans

_ 154.9 9 180 _
" 7732) 078 (15 16 7 e A

16T 16( 45. . :
T o :ﬁ = Toa :ﬁ =1862 psFk 1.86 kpsi  Ans .

_16(154.3

=——7=1862 psk 1.86 kpsi Ans .
mo7g) o F i

Tap
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4-97 Procedure 1
1. Arbitrarily, choosdRc as a redundant reaction.
2. Statics. ZF, =0,
12(16) - 6(10) ~Ro-Rc =0
K -<—|
Ro=6(10)-Rc (1) ’
3. The deflection of poirt.

12 kip & kip
Fy oy g Fy —t—

_[12(16 - 6(16 ¥R | (20) | 6(1D3R ] (10) R (15) _
¢ AE AE AE
4. The deflection equation simplifies to

~45R.+60(17)=0 = Rc=1333Ibf =1.33 kip Ans.
From Eq. (1), Ro=6(16)- 1333 =4 667 Ibf = 4.67 kipAns.

Fag = Fg+ Rc =6 +1.333 = 7.333 kips compression

O =8B =90 - 147 kpsi Ans .

Deflection ofA. SinceOA is in tension,
Roloa _ 4667(20)

Op =0, = =0.00622 in Ans .
AE  (0.5)(1)(30)16
4-98 Procedure 1 i‘ " / ‘i
1. Choosd&Rs dundant reaction. v
HHHHHHHHHHD
2. StaticsRe=wl - Ry (1) 4L B (T M.
TR, R
MC:%wIZ—RB(I—a) 2

3. Deflection equation for poift. Superposition of beams 2 and 3 of Table A-9,

Y = RBgE_Ia)S +wg4_ET)2[4| (1-a)-(1-a)"-&7]

0

4. Solving forRB

)+(1-a)° |

= (3|2+2al+a) Ans.

8(1 -a)

Substituting this into Egs. (1) and (2) gives
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R =wl-Ry= (3" -1 -a®)  Ans,

(1-a)

MC=%wI2—RB(I—a)=%(I2—2aI—az) Ans.

4-99 See figure in Prob. 4-98 solution.

Procedure 1
1. Choosdzg as redundant reaction.

2. StaticsRe=wl - Rg (1)

MC:%wIZ—RB(I—a) (2)

3. Deflection equation for poif. Let the variablex start at poinA and to the right. Using
singularity functions, the bending moment as afiom ofx is

M =—%wx2+RB<x—a>l ZT:IB:(x—a}l
|
U _ 17, M

=—=—|M_—ox
Ye oR, ElY 0R,

or,

_ w 4 _ 4\ _ 3_.3\]- W 2 2
RB_S(I_a)3|:3(I a')-4a(| aﬂ_8(l—a)(3 +2+a?)  Ans.
From Egs. (1) and (2)
F%:wI—RBZS(lzia)(SIZ—l(hI—aZ) Ans.
MC:%wIZ—RB(I—a):%(IZ—ZaI—aZ) Ans.
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4-100 Note: When setting up the equations for this probleonraunding of numbers was made
in the calculations. It turns out that the deflestequation is very sensitive to rounding.

Procedure 2

1. Statics. R +Ry=wl (2) ‘ w
. ( bodorveniborenieg
Rl+ M, :EWIZ (2) A} /
2. Bending moment equation. R, R,

M = F\’lx—%wx2 -M,

dy 1_, 1 4
El ===—RX ——wx’-Mx+C 3
X 2R1 6 X0, ®3)
1 1 1
EIy=6Rix3—lex“——lex2+Clx+C2 (4)

El = 30(16)(0.85) = 25.5(18) Ibfih®.
3. Boundary condition.1At x = 0,y = - Ry/k; = - Ry/[1.5(1F)]. Substitute into Eq. (4)
with value ofEl yieldsC, = - 17R;.

Boundary condition 2At x = 0,dy /dx = — Mi/k, = — My/[2.5(1CF)]. Substitute into Eq.
(3) with value ofEl yieldsC; = - 10.2M;.

Boundary condition 3At x =1, y = - Ri/ks = — Ry/[2.0(1()]. Substitute into Eq. (4)
with value ofEl yields

1 1 1
-12.7R, ==RI’°-—wl*-=M|?- 10.M ] - 1R 5
R, = RI -l - M I-1R, ()

Equations (1), (2), and (5), written in matrixrfowith w = 500/12 Ibf/in and = 24 in,
are

11 0 R 1
0 24 1 R, t={ 12¢( 10)
2287 12.75 - 532.8 |M, 576

Solving, the simultaneous equations yields
R; = 554.59 IbfR, = 445.41.59 Ibf,M; = 1310.1 Ibfih Ans.

For the deflection at=1/2 = 12 in, Eq. (4) gives
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1 1 1 500
=~ | =(554.59 13- —>""15-_( 1310)1 £2
Mo 25.5(1(9){6(55 59 24 12 ;( 310)

-10.2(1310.} 12 1( 554.59
=-5.51(10°) in Ans .

m :
4-101 Cable areaA= 2(0.52 )= 0.1963 i Fpg For
A 16in 16in  C  16in

Procedure 2

B D

1. Statics. Ra+ Fge + Fpe = 5(10'3) 1) TRA i
5000

3FpF + Fge = 10(16) (2)
2. Bending moment equation.

M = RAX+FBE<X_16>1_500qX_ 321
1

ey~ LR+ 1 (x-167- 20

x-32°+Cx+C, (4)
3.B.C.1 Atx=0,y=0 = C,=0

B.C.2 Atx=16In,
Fl Fs=(38) 6
=—|—| =-—2F2"—""—=-6.453(10
Ye (AEJBE 0.1963(30)10 (10" Fee
Substituting into Eq. (4) and evaluatingkat 16 in
Ely, =30(1F )(1.2)¢ 6.453)(18 Py, :%RA( 4+C, (16)
Simplifying gives 682.Ra + 232.3Fge + 16C; =0 (5)

B.C.2 Atx=48In,

Fl For (38) 6
=—|—| =-—22 - _§453(10
Yo ( AE jDF 0.1963(30)10 10" For

Substituting into Eq. (4) and evaluating<at 48 in,

Ely, = -232.3,, :%RA( 48)+?15FBE (48 16”)—%0 (48 33y 4B

Simplifying gives 18 43R + 5 461Fge + 232.3Fp¢ + 48C, = 3.413(16) (6)
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Equations (1), (2), (5) and (6) in matrix form are

1 1 1 0)\[R, 5000
0 1 3 0||Fel| 10000
682.7 2323 0 16|F,. [ 0

18432 5461 232.3 48 C, | [3.41316)

Solve simultaneously or use software. The resuls

Ra=-970.5 Ibf, Fge=3956 Ibf, Fpr= 2015 Ibf, andC; =- 16 020 Ibfin®.

Og = - 3996 _ 20.2 kpsi, 0, -_2015 10.3 kpsi Ans

0.1963 0.196
= 30(16)(1.2) = 36(16) Ibflih?

1 970.5 ; 395 250 s j
= x—16)’ x-32°- 16 026
y 36(1(?)( 6 3 ? 2

W

— 1 _ 3 - - - _
_36(105)( 161.8¢ + 659.8x~ 15 - 833(x- 32- 1602)
. _; B B __ .
B:x=16in yB_ss(lc?)[ 161.4 16)- 16 020 1=~ 0.0255in Ans
C:x=32in
Yo = 36(1(?)[ 161§ 32)+ 659.6 32 16~ 16 00 pp
=-0.0865in Ans .
D: x=48n,
__ 1 r_ _
Yo o[ @)[ 161§ 48)+ 659.6 48 16- 8333 48 P2 16 (20) ks
=-0.0131in Ans.

4-102 Beam:El = 207(16)21(10) ¥
= 4.347(16) N, |

| F
Rods:A = (77/4)& = 50.27 mrh. |~ N BE

75 mm 75 mm ' TSmm D
Procedure 2 X
e 1 B ]
1. Statics. R. op
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Shigley’'s MED, 10th edition

Rc+Fge—Fpr =2000 (1)
Rc + 2Fge = 6 000 2
2. Bending moment equation.
M = -2 000x + Fge (x - 75)" + R (x — 150)"

El %z—loom2 +%FBE<x— 7y +—;Rc<x— 150°+C,

Ely= —%?Oxs +ElFBE (x-75)’ +—é'% (x-150°+Cx+C,

3.B.C1Atx=75mm,

FI Fee (50) .
i Rv=a =-4.809 10°) F
" (AEJBE 50.27( 20% 10 805 10°) Fic

Substituting into Eq. (4) at= 75 mm,

4.347(16)| - 4.80 119)FBE]:—%?O( A+C( 713G,

Simplifying gives

20.89 16)F,. + 78,+C, = 1406 1 (5)
B.C 2 At x = 150 mmy = 0. From Eq. (4),

——1000(1503) +?51|:BE (150- 75’ +C,( 15p+C,= 0

or,

70.31(16) Fy + 150, +C, = 1.125 £9 (6)

B.C 3 Atx =225 mm,

Fl For (65) .
ol =g B =6.24¢ 10°)F
P [AE)DF 50.27( 207 18 §10°) For

Substituting into Eq. (4) at= 225 mm,

3)
(4)
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4.347(16)| 6.246 115)FDF]:—%?O( 22$+61FBE( 225 Y5

+% R.(225-15Q° +C, ( 225+C,

Simplifying gives
70.3110)R. + 562.6 1Y F,. - 27.15 ipF,. + 25+C,= 3.197°)0 7)

Equations (1), (2), (5), (6), and (7) in matrixrfoare

1 1 -1 0 0 g 2(10)
1 2 0 0 0| 6(10°)
0 20.89 16) 0 [CI Fsi =1140.6 16)
0 70.31 16) 0 150 1/ C| |1 124 16)
70.3(16) 562619 - 27.{51p 225 |1’ 3.79710)

Solve simultaneously or use software. The resuls

Rc = — 2378 N,Fge = 4189 NFpr = - 189.2 N Ans.
andC; = 1.036 (10) Nmhn?, C, = - 7.243 (18) NI,

The bolt stresses ampe = 4189/50.27 = 83.3 MP@pr = — 189/50.27= 3.8 MPaAns.

The deflections are

1
From Eq. (4) y, =—————| -7.243 16) |=- 0.167 mm Ans .
ARy 16)[ {19)]
For pointsB andD use the axial deflection equations*.
4189 5
yB:—(ﬂj =- 9( Q =-0.0201 mm Ans .
AE J;  50.27( 207 1®

-189( 6

Yo :[ﬂj = (69 =-1.18(10°) mm  Ans.
AE ), 50.27( 207 19

*Note. The terms in Eq. (4) are quite large, and tb rounding are not very accurate for

calculating the very small deflections, especiédypointD.

4-103 (a) The cross section atdoes not rotate. Thus, for a single quadrant we ha
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ou -0

oM ,

The bending moment at an angléo thex axis is
FR oM

M :MA—7(1—cose) Y
A

The rotation af\ is

2
_o0U _ 17, oM

== Rd#=0
oM, El 3 oM,

17 FR
Thus, EI[MA—7(1—COSQ)}(ZDRC19= 0 = (MA——

0
or,
m,=R(1-2)
2 Vg
Substituting this into the equation fidrgives

M :B(cosﬂ—zj Q)
2 n

The maximum occurs & wherefd= 77/2

M o =M;= _FR Ans.
Vg
(b) AssumeB is supported on a knife edge. The deflection afifd is JU/JF. We will

deal with the quarter-ring segment and multiplyrésgults by 4. From Eq. (1)
aﬂ = E(COSH—EJ

oF 2 T
Thus,
712 72 2 3
b :a_U:i MaﬂRdH:E (Cosg—gj dé = FR (]_T—_Zj
OF EI Y oF El 1 T El \4 7
3
:i(nz—S) Ans
477El
4-104
p, = CE
|
4
| =" (p* d4)=£(1—|<4) whereK ==
64 64
4
Cr:CﬂjE D (1 K4)
| 64
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1/4
_ 64P 17
P _[nz’CE(l—K“)} Ans
4-105 A:’ZTDZ(l—KZ), | :6—7204(1—K4) :éD“(l—K )(1+K ?) , wherek = d/D.
The radius of gyratiork, is given by
G =|_=D_2(1+K2)
A 16

From Eq. (4-46)
P oS o Sk
(m/4)D?(1-K?) 7 47K*CE T 47(D?/1§( 1+ K?)CE
. ASiPnD?(1-K?
4R =D (1K), - n2D2(1+E<2)CE)
4527(1-K?)
n(1+K?)CE

5 :[ 4R:r . 485'2(1_K2) ]1/2

nD?(1-K?)S, = 4P, +

7S, (1-K?)  m(1+K?)CEn{1-K?)s

y

| 2 1/2
= 2{ Fe + > )} Ans.

7S, (1-K?)  m°CE(1+K?

0.9

JO.9 + 0.8

Usingng = 4, design foF = ng Fgo = 4(1373) = 5492 N

| =v0.9+ 0.5 = 1.03 m, S, = 165 MPa

In-plane:

4-106 (a) M, =0, (0.75)(800) Fo, (055 0= F,, = 1373N

1\2 (phe/12)"
kz(zj =[ - ] =0.288h = 0.2887(0.025) 0.007218 mC= 1.0

1103 _ypp7
k 0.007218

(I_j _( 277 (207)08 )”2:1574
k), 165(10 ) '
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Since(l /k), > (I / k) use Johnson formula.
Try 25 mm x 12 mm,

2

165( 10
P, =0.025(0.012} 166 ﬂ)—[% (142})@ = 20.1kN

This is significantly greater than the design |l0&&492 N found earlier. Check out-of-
plane.

Out-of-plane: k =0.2887(0.012F 0.003 464 in,C= 1.2
| 1.03 _
k ~ 0.003 464

Since(l / k), < (I / k) use Euler equation.

1.2 (207 16
P, =0.025(0.012) (20916 _

This is greater than the design load of 5492 Mdbearlier. It is also significantly less
than the in-plan®., found earlier, so the out-of-plane condition wlitiminate. Iterate
the process to find the minimunthat givesP., greater than the design load.

With h=0.010,P,= 4815 N (too small)
h=0.011P,= 6409 N (acceptable)

Use 25 mm x 11 mm. If standard size is preferued,25 mm x 12 mmAns.

b) o, =-+ = 1873 __ -10.416) Pa- 10.4 MPa
dh  0.012(0.011)

No, bearing stress is not significamns.

4-107

This is an open-ended design problem with no aesténdt solution.

4-108

F = 1500¢7/4)2* = 4712 Ibf. From Table A-20S, = 37.5 kpsi
P =ngF = 2.5(4712) = 11 780 Iof

(a) Assume Euler witlc = 1

im 1/4
_ . _ PRI _(64p)?) " | 64(11790 50| _ .
"6 T T _(ﬁCEJ _[n3(1)30(l@)] ThA%sn

Used = 1.25 in. The radius of gyratiok= (1 / A)*?*=d /4 = 0.3125 in
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12 1/2
('j _[2mCE | _ 27 3916) =126 O use Euler
) 37.510)

R,=n2(30)165(g/64 1.25:14194 b

Since 14 194 Ibf > 11 780 Id,= 1.25 in is satisfactory. Ans.

1/4
64(1178( 16 . .
(b) = # =0.675in,so0 usad = 0.750 in

(1) 30(10)
k=0.750/4 = 0.1875 in
T-_16 . 85.33 use Johnson
k 0.1875

2
37.9 10
P, =2(0.756){ 37.§ 18)- 37419) 8538—— = 12748 Ibf
4 21 1(39 16
Used = 0.75in.
(©
a) 14194, 3.01 Ans.

4712
Ny -12748_ 2.71  Ans.

4712

4-109 From Table A-20S, = 180 MPa m=9.81(300)=2943 N
4F sind= 2 943
_7358
sing

In range of operatior; is maximum wherg= 15°

735.8
= =2843 N perbar
™ sinly P

Per = NgFmax = 3.50 (2 843) =9 951 N

| =350 mmh =30 mm
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Try b =5 mm. Out of plané = b /<12 = 5/\/12 = 1.443 mm

1-3%0 _,06
k 1.443
1\ _[2m2(1.4) 201 16) T
(—j = =178.3 [0 use Euler
k), 180(10)
1.477* (207 16
PC,:AcanZ=5(30) ( 7)2 = 7290 N
(17k) (242.9
Too low. Tryb =6 mm.k = 6/v12 = 1.732 mm
1_350 _ 202.1
k 1.732
1.477 (207 10
P, = AiE2 =6(30) ( 72 = 12605 N
(17Kk) (202.9)
O.K. Use 25¢x 6 mm bars Ans. The factor of safety is
n=@=4.43 Ans.
2843
1500 Ibf 9000 Ibf
4-110 P =1500 + 9 000 = 10 500 IbfAns.
>Ma =10 500 (4.5/2> 9000 (4.5 M =0 l l
| |
M = 16 874 Ibfih 4 ‘ C
[)
e=M/P = 16 874/10 500 = 1.607 inAns N | v

From Table A-8A = 2.160 i, andl = 2.059 iff. The stresses are determined using Eq.

(4-55)
221 22099 4 953t
A~ 2.160
1.607( 3/
gc=_3[1+§2j=_1050 1+ 1003131 17157 ps=— 17.16 kpsi Ans .
AU KT 2160 0.953

4-111 This is a design problem which has no single niistsolution.
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4-112 Loss of potential energy of weight (h +9)

Increase in potential energy of spring;;kd2

W(h+5):%k52

or, &° —%5—%h =0. W= 30 Ibf,k= 100 Ibf/in,h = 2 in yields

0%2-060-1.2=0

Taking the positive root (see discussion on p. @Q@xt)

) :%[0.6+\/(—0.6)2+ 4(1.2j= 1.436in  Ans .

max

Fmax =K Omax= 100 (1.436) = 143.6 Ibf Ans.

4-113 The drop of weighV; converts potential energw; h, to kinetic energ%vivf.
g

Equating these provides the velocityigf at impact with\..

Wh :%%Uf = o,=2gh (1)

Since the collision is inelastic, momentum is @wed. That is,n(y + my) v, =My vy,
whereuv; is the velocity oW, + W, after impact. Thus

Wy, =M, o o= o= Y g ()
g g WAW, = W +W,

The kinetic and potential energiesWwf + W, are then converted to potential energy of
the spring. Thus,

W AW,

2 g
Substituting in Eq. (1) and rearranging results in

W, +W. 5=}k52
1 2 2

WoAHW, o, WS h_
k W, +W, k
Solving for the positive root (see discussion 02Q5)

2 2
5:3 2V\/1+W2+ 4[W1+W2j ‘8 Wy h @)
2 k k W, +W, k

322 )
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Wi =40 N,W, = 400 N,h = 200 mmk = 32 KN/m = 32 N/mm.

2
5= o 40+ 400\ |,/ 40- 400" o 40 200_ .00 Ans
2 32 32 40F 400 32

Fmax=ko =32(29.06) = 930 N Ans.

4-114 The initial potential energy of the spring isV; = %klaz. The movement of the weight

[

W the distance gives a final potential of; = —ki(a— y)2 +%k2y2. Equating the two

N

energies give

1 1 1
Ekﬁz =§k1(a‘ y)’ +—2k2y2

Simplifying gives
(k1+k2) y’ —2ak)y=0

This has two rootg; = 0, Ai. Without damping the weight will vibrate between
+
2
2ka Ans.

these two limits. The maximum displacement is thys = ”
+
2

With W= 5 Ibf, k; = 10 Ibf/in,kz = 20 Ibf/in, anda = 0.25 in

2(0.29 10
Yinax :Q:Oi%? in  Ans.
10+ 20
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Chapter 5

5-1 § =350 MPa.

. _ -5
MSS: gi-=S§/h = n=—"—=
' (0,-0,)

. I 2\V2 _( 2 2 2\V2
DE: 0'—(0'A—UAUB+0'B) —(ax—axay+ay+3rxy)

n=>
0.’

(@) MSS: i = 100 MPags = 100 MPagi = 0

n= 350 =3.5 Ans.
100- 0
DE: o' = (100" - 100(100y 100 = 100 MPa,n :%58 = 3.5Ans
(b) MSS: 01 = 100 MPag; = 50 MPagz = 0
n= 350 =3.5 Ans.
100- 0
. , 2 350
DE: o' =100 - 100(50)% 56 %= 86.6 MPa, n= e 4.04Ans
2
(©) g, o4 J—?i\/(%“’j +(=75f = 140, - 40 MPa
o, =140, 0,= 0,0,=- 40 MPa
MSS: n:izl.% Ans .
140- (- 40)
DE: o'=[100 + §- 75)]”2 - 164 MPa, n=-0= 213 Ans
164
2
(d) o,,0, = 502 751\/( 5(;’ 75] +(-50¢ =-11.0- 114.0 MPa
0,=0, 0,=-11.0,0,=- 114.0 MPa
MSS: n=ﬂ=3.07 Ans .
0-(-114.0)
DE: o' =[(-50)* - (-50)( 751+ € 75§+ 3¢ 50) J*= 109.0 MPa
n= ﬂ =3.21 Ans.
109.0
2
© 0,0, = 100; 20, \/[ 10(; 2Cj +(-20)° =104.7, 15.3 MPa
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0,=104.7,0,= 1530,= 0 MPa
350

MSS: n=——=3.34 Ans.
104.7- 0
1/2
DE: ag :[1002 -100(20)% 20+ (3— Zﬁ} = 98.0 MPa
n:@:3.57 Ans .
98.0
5-2 § =350 MPa.
S
MSS: ci-=S/h = n= y
(0,-0,)
, 2 S S
DE: U:(Ui_JAJB-'-O-é) :Fy = nZF):
. 350
(a) MSS: 0,=100 MPa,o,= 0= n= = 3.5 Ans .
100-0
DE: n= 350 =35 Ans.
[1007 — (100)(100% 1004
(b) MSS: 0,=100, g,=-100 MPa = n=i= 1.75 Ans
100- (-100)
DE: n= 350 77 =2.02 Ans.
[1002 ~ (100)¢ 100y (- 10)3}
. _ _ _ 350 _
(c) MSS: 0,=100 MPa,0,= 0 = n= = 35 Ans .
100-0
DE: n= 350 77 =4.04 Ans.
[100° - (100)(50) 50
) 350
(d) MSS: 0,=100,0,=-50 MPa = n=———= 2.33 Ans .
100- (-50)
DE: n= 350 7 =2.65  Ans.
[1002 ~ (100)¢ 50y (- 59)1
o _ _ 350 _
(e) MSS: ¢,=0, 0,=-100MPa = n=——= 3.5 Ans .
0-(-100)
DE: n= 350 =404 Ans.

[(-50)° - (-50)¢- 100)+ (- 109)2]”2

5-3  From Table A-20S, = 37.5 kpsi
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S
MSS: oi-s=S§/h = n=—>—
' > (01_03)
' 2 2\¥2 2 2 2\V2
DE: o =(0’A—OAUB+0'B) :(0'x -O'XUy+0'y+3TXy)

o
] . 37.5
(a) MSS: 0,=25kpsi,0,=0 = n:ﬁf 15 Ans .
DE: n= 37.5 5 =172 Ans.
[ 25" - (25)(15)+ 15|
_ _ o 375 _
(b) MSS: 0,=15kpsi,0,=-15 = n=———= 125 Ans .
15— (-15)
DE: n= 375 > =1.44 Ans.
[152 ~ (15)¢ 15+ (- 151
20 |( 20Y°
(© o, o, =Ei\/(7j +(-10Y = 24.1, - 4.1 kpsi
0,=24.1,0,= 0,0,=- 4.1 kpsi
MSS: n:L:LSS Ans .
24.1- (-4.1)
DE: o =[202 + 3(—10?)]1/2 = 265kpsi = n 3715 1 42 Ans
' ' 265
2
(d) 0,0, = 122+ = \/( 12; 15J +(-9) =17.7-- 14.7 kpsi
0,=17.7,0,= 0,0,=- 14.7 Kpsi
MSS: nzizl.m Ans .
17.7- 14.7)
DE: o' =[(-12f - 12)(15K 18+ 3¢ 9)] = 28.1kpsi
nzﬁzl.SS Ans .
28.1

2
(e) 0,,0, = 24 241\/( 24 213 +(—15)2 =-9, — 39 kpsi

2 2
0,=0, 0,=-9, 0,=-39 kpsi
MSS: nzizo.% Ans .
0-(-39)
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DE: o' =[(-24)" ~(-24) (- 24 +(- 24"+ &- 1}51”2: 35.4 kpsi

n—ﬂs—l 06 Ans.

35.4

5-4  From Table A-20S, = 47 kpsi.
MSS: gi-3=S§/h = n= Sy

o0l
DE: 0"=(0§—0’A0'B+0)1/2=% = n %

(a) MSS: 0,=30 kpsi,o,= 0 = n=304—j: 1.57 Ans .
DE: n=—s; 47 ~=157 Ans.
[30° - (30)(30)+ 36 }
(b) MSS: 0,=30, 0,=-30 kpsi = n:L: 0.78 Ans .
30— (-30)
DE: n= all —-=0.90 Ans.

[302 ~ (30)¢ 30y (- 3()2}

(c) MSS: 0,=30kpsi,o,= 0 = n=—2"_ - 157 Ans .
30-0
DE: n= all 7 =181 Ans.
[30° - (30)(15)+ 15 ]
(d) MSS: 0,=0, 0,=-30 kpsi = n=L= 1.57 Ans .
0-(-30)
DE: n= » all T =1.81 Ans.
[(—30) ~ (-30)¢ 15+ (- 15 }
(e) MSS: g, =10, g,=-50 kpsi = n=L= 0.78 Ans .
10- (-50)
DE: n= all 77 =0.84  Ans.

[(—50)2 — (-50)(10)+ 16]

Shigley's MED, 18 edition Chapter 5 Solutions, Page 4/52



5-5 Note: The drawing in this manual may not be togtae of original drawing. The
measurements were taken from the original drawing.

(@) MSS and DE: T3 (MPa)
n:%:ﬂ:3.51 Ans.
OA 1.41"
(b)
(b) MSS: '
:@:ﬁ:3.49 Ans
oCc 1.12"
o, (MPa)
DE:
_E_ﬂ_4l03 Ans
OC 112
(c) MSS
—%—@—2.00 Ans
OF 1.25
DE —%=@=2.29 Ans
OF 1.25
(d) MSS: nzg—&i:S.OS Ans,, DE:n:O—K—ﬁ—S 17 Ans
o 1.15" ol 1.15"
(e) MSS: n:O—M:&ﬁ:B.:’A Ans., DE:n:O—N:?"l:S.SG Ans.
oL 1.06" oL 1.06"
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5-6  Note: The drawing in this manual may not be togtae of original drawing. The
measurements were taken from the original drawing.

g (kpsi)

(@) oa = 25 kpsi,gs = 15 kpsi

MSS:
=% =—33;= 50 Ans
DE: ' 1"=10 kpsi
=%=—5'02 =1.72 Ans
OA 292" o, (kps)
(b) on = 15 kpsi,os = — 15 kpsi
MSS:
=%=—2'66 =1.25 Ans
ob 212"
- R
ZOF _305_ 144 Ans. -
Oob 212" (e)

2
(© o, o, :2—01\/[?) +(-10Y = 24.1, - 4.1 kpsi

2
MSS: n:O—H:ﬁzl.M Ans. DE: n:ﬂ:ﬁzlAZ Ans.
oG 243" oG 2.43"
2
d) o0, = 122+ 151\/( 12; 13 +(-9) =17.7- 14.7 MPa
MSS —O—K—£:1.16 Ans. DE: n:g—ﬁ—l% Ans
oJ 2.30" 0oJ 2.30"

2
© 0,0, = 24~ 241\/[_24; Zﬂ +(-15)° =-9, - 39 kpsi

2
MSS:n:O—N:ﬁ:O.% Ans. DE: nzﬁzﬁzl.% ANs.
OM 4.00" OM 4.00"
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57 §=295MPagon =75 MPa,0s = - 35 MPa,

S
(@ n= ! = 295 =3.03 Ans.

(U/i — 0,0y +J§)1/2 [752 - 75(— 33 +(— 352]1/2

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

g (MPa)

n:%:@:S.Ol Ans.
OA 0.83"

295

1" =100 MPa

C"»

203 74 (MPa)
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5-8 § =295 MPaon =30 MPa,gs = - 100 MPa,

S
@ n= Y = 295 =2.50 Ans.

(0i-0u0s+02)" [302-30(- 100+ (- 10§ |

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

o5 (MPa) P
" 295
n:% :& =3.01 Ans.
OA 0.83"
1" =100 MPa

O 595 04 (MPa)
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2
59 S =295MPag,, o =@i 100 +(-25f =105.9,- 5.9 MPa
2 2

S
(@ n= ! = 295 =271 Ans.

(02-0,0,+02)" [105.9 - 105.4- 5.p+ (- 5.)@}”2

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

g (MPa)
" 205
n=%=£= 2.71 Ans.
OA 1.06"

1" =100 MPa

& 505 G4 (MPa)
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2

S
@ n= ! = 295 =3.30 Ans.

(0i-0.0+02)" [(-387-(-3.9(- 91.3+(- 9LF |

2
510 S = 295MPag,,0, = —0 651\/( 3(; 6? +40F =-3.8- 91.2 MPa

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

n=—="""=3.33 Ans. %5 (MPa)
OA  0.90" s

1" =100 MPa

205 0y (MPa)
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2
511 S, =295MPag,,0, = o0 Oy \/[ 80 3‘? +(-10)* = 30.9r- 80.9 MPa
2 2

S 295
(@ n= . = ==2.95 Ans.

(02-0,0, +a2)” [30.9 - 30.4- 80.p+(- 80.)@}1

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

g (MPa) ’
" 295
n:%:@: 2.93 Ans.
OA 0.87"

1" =100 MPa

o 295 71 (MPa)

~_ ]

5-12 S =60 kpsi,Sc = 75 kpsi. Eq. (5-26) for yield is

-1
. [ﬂ _&]
Syt SYC

-1
(@ g,=25kpsi,o,= 0 = n:(é—g—%j =2.40 Ans.
-1
(b) 0, =15, 0, =15 kpsi = n=(é—g—7155j =222 Ans.
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2
(€) o,, o, :2—201\/(%)) +(-10Y = 24.1, - 4.1kpsi

-1
24.1_ 4'1j =2.19 Ans.

g =2410,=0,0,=—-4.1kpsi=» n=| ———
! 2 s P (60 75

2
d) 0,0, = 122+ 15¢ \/( 122_ 1? +(-9)° =17.7- 14.7 kpsi

0,=177,0,= 0,0,=-14.7kpsi = n

-1
(E_ﬁg =204 Ans.
60 75

2
e 0,0, = 242 241\/( 24; 2? +(-15)° =-9, - 39 kpsi
-1
0,=0, 0,=-9, 0,=-39 kpsi = n:(g_—_ggj =192 Ans.
60 75

5-13 Note: The drawing in this manual may not be togt@e of original drawing. The
measurements were taken from the original drawing.

Sg(kpsi)
(@) g, =25, gz = 15 Kkpsi 60
1" =20 kpsi 1 pl-®
n i -
:%=ﬁ=239 Ans ] P
OA 1.46" ] A
ol .~ ko
"""" el oy (kpsi
(b) o, =15, g, =—15 kpsi 15 he”
S
n I \(b)
_OD _2.36" =2.23 Ans '
OoC 1.06" /
© S
20 . |( 20Y ©
O, O =7i (?j +(-10Y = 24.1, - 4.1kpsi
_ﬁzﬂ_zllg Ans
OE 1.22"
(d)
2
0,0, = 122+ 151 \/( 12; 1? +(-9Y =17.7- 14.7 kpsi
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=——=—-—=2.03 Ans
oG 1.15"
©
2
o, =247 24, ( 24 24} +(-15)° =-9, - 39 kpsi
2 2
:g:ﬁzl_g,’s Ans
ol 2.00"

5-14 Sinceg > 0.05, and&: # Sy, the Coulomb-Mohr theory for ductile materials Mo

used.
(a) From Eq. (5-26),

-1 1
n= ﬂ_& :(@___Soj =1.23 Ans.
S, S 235 285

y yc

(b) Plots for Problems 5-14 to 5-18 are found hem@eNThe drawing in this manual
may not be to the scale of original drawing. Theasueements were taken from the

original drawing. |
Op (kpsi)

" 35
n=%=ﬁ=l.23Ans. .
OA 1.58" 1" =20 kpsi 1
- J s
o _ _ LG8 |
S FBss aalkps)
/ \ A (3-16)
i1 (5-14)
Gs 1C%
;1A
.
J -285
(5-17)

5-15 (a) From Eq. (5-26),

_1 _1
n= 9, _09s :(S_O_ﬂ)j =1.35 Ans.
S S 235 285

y yc
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(b) The plot for this problem is found on the pageReoob. 5-14. Note: The drawing in
this manual may not be to the scale of originaliing. The measurements were taken
from the original drawing.

OD _2.14"
n=—- =

I % =75 2

= =——=1.35 Ans.
OC 1.58"
2
5-16 O,, O :%51\/(1725)) +(-75f =160, — 35 kpsi
(a) From Eq. (5-26),
-1 1
n= ﬂ_& = @___35 =1.24 Ans.
Sy S, 235 285
(b) The plot for this problem is found on the pageReoob. 5-14. Note: The drawing in
this manual may not be to the scale of originaliing. The measurements were taken
from the original drawing.
n:%:&:1.24 ANs.
OE 1.64"
2
5-17 O, Og = 802 1251\/[ 80; 125} +50° =-47.7,- 157.3 kpsi
(@) From Eq. (5-26),
-1 1
n= [ﬂ _&J = [i_ _157'3j =1.81 Ans.
S, S, 235 285
(b) The plot for this problem is found on the pageRoob. 5-14. Note: The drawing in
this manual may not be to the scale of originaliing. The measurements were taken
from the original drawing.
n:O—H:&:1.82 Ans.
OG 1.64"
2
518 125+ 80, \/( 125 83 +(~75) = 180.8, 24.2 kpsi

(@) From Eq. (5-26),
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. S 235 285

_1 _1
n:{ﬂ_&} :(@__Oj =1.30 Ans.
(b) The plot for this problem is found on the pageReoob. 5-14. Note: The drawing in
this manual may not be to the scale of originaliing. The measurements were taken
from the original drawing.

5-19 S; =30 kpsi,Sic = 90 kpsi

BCM: Egs. (5-31), p. 250
MM: see Egs. (5-32), p. 250

(@) on = 25 kpsi,os = 15 kpsi

MM: Eq. (5-33), n=i=ﬂ)=1.2 Ans.
o, 25

(b) on = 15 kpsi,os =-15 kpsi,

-1
BCM: Eq. (5-38), n=| 2-"1°) -15 ans.
30 90

MM: oan=02 g, and |os/oa| < 1, EQ. (5-32a),n:i:f—(5): 2.0 Ans.
UA

2
(© o,, o, =§i\/(%)j +(-10Y = 24.14,- 4.14 kpsi

2
-1
BCM: Eq. (5-3D), n:(24—'14—ﬂ4] =1.18 Ans.
30 90
: _Sy - 30 _
MM: 0pn=202= 0, and |os/oa|< 1, Eq. (5-32), n=—"L=——=1.24 Ans
o, 24.14
2
d o,, o, = 152+ 101\/( 15; 1(} +(~15} = 17.03,~ 22.03 kpsi
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BCM: Eqg. (5-3b), n=
9. (5-3b) ( <

17.03 -22.0

90

MM: oao=02 g, and |os/oa| =2 1, Eq. (5-3B),

n:[(%c—&t)ra_ﬁrz
SJC

SieSi

-1
3 =1.23 Ans.

F90—3ql7035220

90(30)

-20- 20
+

-20+ 2

|

BCM: Eq. (5-3%), n= -« =

B

(€) O, 0=

2 2

MM: Eq. (5-32), n=-k =
UB

90
-35

-——=2.57 Ans.

—ﬂ =2.57 Ans.

-1
3 =1.60 Ans.
90

2
(} +(-15Y =-5, - 35 kpsi

(@ on = 25,08 = 15 kpsi

BCM & MM:
_OB _1.74"

n= =
OA 1.46"
(b) oa = 15,05 = - 15 kpsi

=1.19 Ans.

-90

1 in= 20 kpsi

5-20 Note: The drawing in this manual may not be tostae of original drawing. The
measurements were taken from the original drawing.

5 (kps1)

30

,B(ﬁ)

30
a, (kpsi)

BCM: n=%=@=15 Ans
OD 1.06"
MM: —%—E—Z.O ANns
OC 1.06
20 | 20\
(C) Op 03_71\/(7j +(_10)2
=24.14, - 4.14 kpsi
BCM: nzﬁz%zl.w Ans.
OF 1.22"
MM: :ﬂzﬁzl 25 Ans
OF 1.22

Shigley's MED, 18 edition
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2
d) o, g, = 152”01\/( 15; 1(} +(-15} = 17.03,— 22.03 kpsi
BCM: n=g=ﬂ=1.24 ANns
ol 1.39"
MM: =%:ﬁ:1 61 Ans
o 1.39"
2
© o, 0= 22 ZOtJ[ = 2() +(~15f =5, - 35 kpsi
BCM and MM:n:O—M:ﬁ:Z.W Ans.
oL 1.77"

5-21

From Table A-245; = 31 kpsi,S,c = 109 kpsi
BCM: Egs. (5-31), MM: Egs. (5-32)

(@) on = 15,08 = 10 kpsi.

A

MM: Eg. (5-32), n:i:f—;

A
(b), (c) The plot is shown below is for Probs. 5-21 to%{%ote: The drawing in this
manual may not be to the scale of original drawiffge measurements were taken from
the original drawing. f

=2.07 Ans.

1" =20 kpsi % (kpsi) r
3] .-
BCM and MM: | Bl .5-21)
| A7
-109 0 - 31
_%_&6"_ 07 Ans [ S | N I -L._FA\ UA(I\—PSI)
OA ™ 0.90 iy T e
IRE
VL
11 Sy
R FHEEE)
!‘ - [/E(5-22)
', -
,' -k
Lo f 109
(5-24)

5-22 S =31 kpsi,Sc = 109 kpsi

Shigley's MED, 18 edition
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BCM: Eq. (5-31), MM: Egs. (5-32)

(a) on=15,06=-50 kpSi,|JB /UA | >1

-1
BCM: Eq. (5-3b), n=(£5—ﬂ)j =1.06 Ans.
31 109
(S.-S,)o * [(100-3) 15 -50]"
MM: Eq. (3-33), n=| e ~Sw)% _Ts | _ _ =1.24 Ans.
SeS« Se 109(3) 109
(b), (¢) The plot is shown in the solution to Prob. 5-21.
BCM —@—&:1.07 Ans
oc 2.61"
MM —%—ﬁzl.% Ans
OoC 261

5-23 From Table A-245; = 31 kpsi,S,c = 109 kpsi

BCM: Eq. (5-31), MM: Egs. (5-32)

2
0, Oy :Ei (Ej +(-10¥ = 20, - 5 kpsi
2 2
-1
(a) BCM: Eq. (5-3d), n=(§——5j =1.45 Ans.
31 109

MM: Eq. (5-32), n:i:3—1:1.55 Ans.
o, 20

(b), (c) The plot is shown in the solution to Prob. 5-21.

BCM: n=%=£=1.44 ANs.
OF 1.03"

MM —O—H—@—l.% ANns
1.03"

5-24 From Table A-245; = 31 kpsi,S,c = 109 kpsi

BCM: Eq. (5-31), MM: Egs. (5-32)

2
O, Oy = 102 251\/( 12 Zi +(-10Y =-5, — 30 kpsi
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(a) BCM: Eq. (5-3%),n= —i—@—S 63 Ans.
o, -30

B

MM: Eq. (5-32), n:—i:—ligzs.GB Ans.
g, -30

B

(b), (¢) The plot is shown in the solution to Prob. 5-21.

BCM and MM: n=—=—"—"—"=3,
ol 1.52"

5-25 From Table A-245; = 31 kpsi,S,c = 109 kpsi

BCM: Eq. (5-31), MM: Egs. (5-32)

2
g, O, = 352+ 13, \/( 35; 1j +(-10Y = 15, - 37 kpsi

(E’ —37j =1.21 Ans.
31 109

MM: Eq. (5-32), n_|:(shc Sht) ﬁ:|_ ={(109_ 3]) 15_ —37] —146 Ans.
SeS Se 109(3) 109

(b), (c) The plot is shown in the solution to Prob. 5-21.

() BCM: Eg. (5-3D),

BCM: n:gzﬁzl.Zl Ans.
OK 2.00"

MM: n:ONI &—146 Ans.
OK 2.00"

5-26 S; =36 kpsi,Sc = 35 kpsi
BCM: Eg. (5-31),
(@ oa=15,08 =-10 kpsi.

-1
—(E—ﬁj =1.42 Ans.

BCM: Eg. (5-3b), n=
- ) 36 35
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(b) The plot is shown below is for Probs. 5-26 to 5486te: The drawing in this manual
may not be to the scale of original drawing. Theasueements were taken from the

original (()1I;,<';1wilng.8 ) g (kpsi)
n:ﬁ:mlzl.42 Ans. 36
' 1" =20 kpsi
N b & (5-30)
—35 O —o— Ta ‘
T N oE B o4 (kpsi)
T Nl 62
3 C ah (5:26)
G ? \
o (5-27)
H'| 735
(5-29)
5-27 t = 36 kpsi,S,c = 35 kpsi

BCM: Eq. (5-31),

(@ on= 15,05 =15 kpsi.

-1
BCM: Eq. (5-3b), n:(g——ﬁ’j =1.42 Ans.
36 35

(b) The plot is shown in the solution to Prob. 5-26.

—@—ﬁzlAZ ANs.

n= =
OC 0.90"

5-28 t = 36 kpsi,S,c = 35 kpsi

BCM: Eq. (5-31),

2
(@ o, o, :1—221 (132) +(-8F =16, — 4 kpsi
-1
BCM: Eq. (5-3b), n=(E——4j =1.79 Ans.
36 35

(b) The plot is shown in the solution to Prob. 5-26.
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=—=——-=1.79 Ans
OE 0.82"
5-29 Sy = 36 kpsi,.Sc = 35 kpsi
BCM: Eq. (5-31),
2
@ o, oz = 102 151\/( 1(; 13 +10° =-2.2, - 22.8 kpsi
: __ 35 _
BCM: Eq. (5-3%), n= —73—1.54 Ans.
(b) The plot is shown in the solution to Prob. 5-26.
:% :ﬁ =1.53 Ans.
OG 1.15
5-30 t = 36 kpsi,§c = 35 kpsi
BCM: Eq. (5-31),
2
@ o, 0, = 152+ 81\/( 152' 8) +(-8)* = 20.2, 2.8 kpsi
_ 36
BCM: Eq. (5-3R), n=——=1.78 Ans.
20.2
(b) The plot is shown in the solution to Prob. 5-26.
_OJ_182 =1.78 Ans
ol 1.02"
5-31 t = 36 kpsi,Sc = 35 kpsi. MM: Use Eq. (5-32). For this problemiyMeduces to the

MNS theory.
(& on=15,08 =-10 kpsi. Eq. (5-3@, n :ﬁ :i’—g =2.4 Ans.
o

(b) The plot on the next page is for Probs. 5-31 85Note: The drawing in this manual
may not be to the scale of original drawing. Thesueements were taken from the
original drawing.
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n=——=2"""_=243 Ans. Op (kpsi)
OA 0.90" 36
1" =20 kpsi |
] 7 I (5-30)
T T T 1 E T 4 {pSl
e
‘[ \@ <4 (3-33)
JCT N
, 4B
(T‘fi \ ;‘('-?1)
- - D
g 735
(5-29) (5-32)

5-32 t = 36 kpsi,Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtuces to the
MNS theory.
(@) oa=10,05 =- 15 kpsi. Eq. (3-32b) is not valid and must use(BeB2c),

n= —i:—ﬂ =2.33 Ans.
O, -15
(b) The plot is shown in the solution to Prob. 5-31.
n:O—Dzﬁz 2.33 Ans.
OoC 0.90"

5-33 S =36 kpsi,Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtluces to the
MNS theory.

2
(@ o,, g, :1—221 (132) +(-8) =16, — 4 kpsi

nzi:ﬁ:Z.ZS ANs.
o, 16

(b) The plot is shown in the solution to Prob. 5-31.

5-34 Sy = 36 kpsi,.Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtluces to the
MNS theory.
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2
(@ o, g,= 102 151\/( 1(; 13 +10° =-2.2, - 22.8 kpsi

n=—e-_ 35 _154 Ans.
o, 228

(b) The plot is shown in the solution to Prob. 5-31.

5-35 Sy = 36 kpsi,.Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtluces to the
MNS theory.

2
@ o,, 0, = 152+ 8, \/( 152' 8) +(-8)* = 20.2, 2.8 kpsi

n:i:ﬁzl.m ANs.
g, 20.2

(b) The plot is shown in the solution to Prob. 5-31.

5-36 Given: AISI 1006 CD steeF, = 0.55 kN,P = 4.0 kN, andl = 25 Nm. From Table A-20,
S =280 MPa. Apply the DE theory to stress eleménasidB

_ _ 4P _ 4(4)10
A O T 71{(0.018)
_167T, 4V _ 16(29 | 4{ 0.5510)

YT 3 A n(0.018) " 3| (77/4)0.018

:22.6(16) Pa= 22.6 MPa

]=41.9( 16) Pa 41.9 MPa
o'=[226+4 41.9)}”2 - 76.0 MPa

n =@ =3.68 Ans.
76.0

_32FI 4P _32(05916(0), 4§10
o, = + = +
*omd® md® 72(0.018)  n(0.018)

=189(10) Pa= 189 MPa

_ler _ 16(29 _
ry= 5= 7{0.015] =37.7(16) P& 37.7 MPa
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o' =(0?+3r2)" =[18¢+ { 37.7)[" = 200 MPa

5-37 From Prob. 3-44, the critical location is at thp bf the beam at= 27 in from the left
end, where there is only a bending stresgaf- 7 456 psi. Thusg’= 7 456 psi and

(S)min =N0’ = 2(7 456) = 14 912 psi

Choose$)min = 15 kpsi  Ans.

5-38 From Table A-20 for 1020 CD sted, = 57 kpsi. From Eq. (3-42), p.116,

63 02H
n

T 1)

wheren is the shaft speed in rev/min. From Eq. (5-3) tf@e MSS theory,

S, 16T
e 2n,  m?

(2)

whereny is the design factor. Substituting Eq. (1) inta &) and solving fod gives

] :{32(63 OZE)Hnd} )
n7zs,

SubstitutingH = 20 hp,ng = 3,n = 1750 rev/min, an&, = 57(10) psi results in

1/3
= 23O I 7810 ans.
17507( 57 10

5-39 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-68, in fhene of analysis
01 = 16.5 kpsi,oe = - 1.19 kpsi, andmax = 8.84 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses ar

o1 = 16.5 kpsi,o = 0, andgz = - 1.19 kpsi
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S
MSS: From Eq. (5-3), n=—~ o4

= =3.05 Ans.
o,-o0, 16.5-(-1.19

Note: Whenever the two principal stresses of ag@kress state are of opposite sign, the
maximum shear stress found in the analysis isrtleemaximum shear stress. Thus, the
factor of safety could have been found from

_ S _ 54
n= =
2r,.. 2(8.89

DE: The von Mises stress can be found from the grai@tresses or from the stresses
found in part (d) of Prob. 3-68. That is,

=3.05 Ans.

Egs. (5-13) and (5-19)

_S, S, B 54
n_;_ B o\W2 172
(UA ~O0n0g +JB) [16.52 - 16.5(— l.1$+(— l.l)é}
=3.15 Ans.

or, Egs. (5-15) and (5-19) using the results of @grof Prob. 3-68

n :i = Sy = 54
o (o*+3r)" [15.3+ 9 4.48)]"
=315 Ans.

5-40

From Table A-20S, = 370 MPa. From the solution of Prob. 3-69, inglane of analysis
o, =275 MPao, =—12.1 MPa, andmax= 144 MPa
The state of stressptane stress. Thus, the three-dimensional principal stresses are
o1 = 275 MPag; = 0, andos = - 12.1 MPa

370

S
MSS: From Eq. (5-3)n=—-~

= =1.29 Ans.
o,-og, 275-(-12.}
DE: From Egs. (5-13) and (5-19)
_S _ S, _ 370
n=—= B o\2 T 1/2
T (0a-0,05+05) [275 - 274~ 12+ (- 121
=132 Ans.
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5-41 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-70, in fhene of analysis
01 = 22.6 kpsi,os =— 1.14 kpsi, andmax = 11.9 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 22.6 kpsio, = 0, andos = — 1.14 kpsi
. _ S 54 _
MSS: From Eg. (5-3)n= = =227 Ans.
o,-0, 22.6-(-1.19
DE: From Egs. (5-13) and (5-19)
n=—= vz 1/2
I (0h-0,0:+03) " [22.6-22.8- 10p+ (- LIY]
=2.33 Ans.
5-42 From Table A-20S, = 370 MPa. From the solution of Prob. 3-71, inplaene of analysis
o, = 78.2 MPag, = - 5.27 MPa, andmax= 41.7 MPa
The state of stresspgane stress. Thus, the three-dimensional principal stresses ar
o1 = 78.2 MPag; = 0, andos = — 5.27 MPa
S
MSS: From Eq. (5-3)h=—2—= 370 =4.43 Ans.
0,-0, 78.2-(-5.2]
DE: From Egs. (5-13) and (5-19)
_S, S, _ 370
n=—= V2 T 1/2
7 (0h-0u0+0;) " [78.7 - 78.4- 5.27+(- 597 ]
=457 Ans.
5-43 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-72, in thenp of analysis

01 = 36.7 kpsi,e =— 1.47 kpsi, andmax = 19.1 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses are

o1 = 36.7 kpsi, = 0, andgs = — 1.47 kpsi
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S 54

MSS: From Eq. (5-3)n = = =1.41 Ans.
- &3) o,-0, 36.7-(-1.47
DE: From Egs. (5-13) and (5-19)
.S _ S, 54
TR 1/2
7 (0%-0,0,+0%) [36 7-36.90- 1.4V+(- 1. 4)?]
=1.44 Ans.

5-44 From Table A-20S, = 370 MPa. From the solution of Prob. 3-73, inglene of analysis
o1 = 376 MPag, = - 42.4 MPa, andyax= 209 MPa
The state of stressptane stress. Thus, the three-dimensional principal stresses are
o1 = 376 MPa; = 0, andos = — 42.4 MPa
S
MSS: From Eq. (5-3)h=—2—= 370 =0.88 Ans.
o,-o0, 376-(-424
DE: From Egs. (5-13) and (5-19)
.S S, 370
-~ 7z -
g (03-0,0,+0%) [3762 37q- 42.3+(- 42 )i}
=0.93 Ans.
5-45 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-74, in thene of analysis

o1 = 7.19 kpsi,z =— 17.0 kpsi, andmax= 12.1 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses are

o1 = 7.19 kpsi, = 0, andgz = - 17.0 kpsi
S _ 54

MSS: From Eq. (5-3)n = = =223 Ans.
- &3) o,-o0, 7.19-(-17.0
DE: From Egs. (5-13) and (5-19)
S S 54
n= _); = 2 s 2 1/2 1/2
d (UA T 003 +UB) [7 19 - 7. lq 17. 9)+ 17ﬁ}
=251 Ans.
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5-46

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-76, in fhene of analysis
o1 = 1.72 kpsi,os = — 35.9 kpsi, andmax = 18.8 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 1.72 kpsi,oz = 0, andos = — 35.9 kpsi

S, 54

MSS: From Eq. (5-3)nh= =
- &3) o,-0, 1.72-(-359

=1.44 Ans.

DE: From Egs. (5-13) and (5-19)
S, _ 54

(02-0,0,+02)" [1.722—1.71— 35.9+ (- 35.)@}
=147 Ans.

1/2

n:i:
o

5-47

From Table A-20S, = 370 MPa. From the solution of Prob. 3-77,
Bending: gz = 68.6 MPa, Torsionzg = 37.7 MPa

For a plane stress analysis it was found that= 51.0 MPa. With combined bending
and torsion, the plane stress analysis yieldsrtieertax.

S
MSS: From Eq. (5-3)n=—2—= 370
2r,.. 2(51.0

max

=3.63 Ans.

DE: From Egs. (5-15) and (5-19)
S, S, _ 370
0_’

(o3 +3r2)" [68.6+ 4 37.7)]
=3.91 Ans.

n

1/2

5-48

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-79,
Bending: o = 3460 psi, Torsionzc = 882 kpsi

For a plane stress analysis it was found that= 1940 psi. With combined bending and
torsion, the plane stress analysis yields the #fue

s, _54(10)
MSS: From Eq. (5-3)h=—2-= =13.9 Ans.
2r,..  2(1949

max
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DE: From Egs. (5-15) and (5-19)

S, S, 54(1G)
n=—-= vz 12
o (oi+3Z)" [3460 + { 882)]
=143 Ans

5-49 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-80, in fhene of analysis
01 = 17.8 kpsi,oz = — 1.46 kpsi, andmax = 9.61 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 17.8 kpsi,o = 0, andgz = — 1.46 kpsi

S
MSS: From Eq. (5-3)h=—2—= >4 =2.80 Ans.
o,-0, 17.8-(-1.49

DE: From Egs. (5-13) and (5-19)
S, 54

(02-0,0, +a2)" [1782 17.4- 1.4p+(- 14)é]
=291 Ans.

n=

Q|»

5-50 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-81, in thenpe of analysis
o1 = 17.5 kpsi, = — 1.13 kpsi, andmax = 9.33 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses are
o1 = 17.5 kpsi = 0, andgz = - 1.13 kpsi

S
MSS: From Eq. (5-3)h=——= o4 =2.90 Ans.
o,-0, 17.5-(-1.13

DE: From Egs. (5-13) and (5-19)
_ S, 54

(0§—0A08+0§)12 [17.8 -17.4- 1.1p+(- ])ﬂm

=2.98 Ans.

n=

Q|
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5-51 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-82, in fhene of analysis
o1 = 21.5 kpsi,ge =— 1.20 kpsi, andmax = 11.4 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 21.5 kpsi,z = 0, andgs = — 1.20 kpsi
S
MSS: From Eq. (5-3)n=—2—= o4 =2.38 Ans.
o,-0, 21.5-(-1.20
DE: From Egs. (5-13) and (5-19)
S, S, 54
n=—= vz = 12
7 (0h-0,0+03)" [218-214- 1.2p+(- 1.6
=2.44 Ans.

5-52 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-83, thea@n was failure
due to twisting of the flat bar where it was fouhdt 7.« = 14.3 kpsi in the middle of the
longest side of the rectangular cross section.bEnes also in bending, but the bending
stress is zero whermgax exists.

S
MSS: From Eq. (5-3)h=—2—= o4 =1.89 Ans.
2r,.. 2(14.3

DE: From Egs. (5-15) and (5-19)

S S

n=—2= L= >4 5=2.18 Ans.
o (3rna) [3(14.3)]
5-53 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-84, in phene of analysis

o1 = 34.7 kpsi,gz = — 6.7 kpsi, andimax = 20.7 kpsi
The state of stress|gane stress. Thus, the three-dimensional principal stresses ar

o1 = 34.7 kpsig = 0, andgs = — 6.7 Kpsi

S
MSS: From Eq. (5-3)n=— >4

= =1.30 Ans.
o,-0, 34.7-(-6.1 "
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DE: From Egs. (5-13) and (5-19)
S, 54

(0i-0u0s+02)" [347-347- 67+(- 6]
=140 Ans.

1/2

=S
o

5-54

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-85, in giene of analysis
01 = 51.1 kpsi,g> = — 4.58 kpsi, andmax = 27.8 kpsi
The state of stressptane stress. Thus, the three-dimensional principal stresses ar

o1 = 51.1 kpsi, = 0, andgs = — 4.58 kpsi

S
MSS: From Eq. (5-3)h=—2—= o4
o,-0, 51.1-(-4.59

=0.97 Ans.
DE: From Egs. (5-13) and (5-19)
S, _ 54

(0%-0,05+02)" 51.2-51.0~ 45p+(~ 456
=1.01 Ans.

n :i =
0_: 1/2

5-55

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-86, in t&ne of analysis
01 = 59.7 kpsi,gs = - 3.92 kpsi, andmax = 31.8 kpsi
The state of stress|pgane stress. Thus, the three-dimensional principal stresses ar
o1 = 59.7 kpsi, = 0, andgs = — 3.92 kpsi

Sy 5 4

MSS: From Eq. (5-3),n= = =0.85 Ans.
0,-0, 59.7-(-3.92
DE: From Egs. (5-13) and (5-19)
S S 54
n :;): = 2 > 2 1/2 = 1/2
(03-0,05+0%)" [59.7 - 59.1- 3.9p+(- 3.9
=0.87 Ans.
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5-56 For Prob. 3-84, from Prob. 5-53 solution, with 8@D, DE theory yieldsn = 1.40.

From Table A-21, for 4140 Q&T @40B, S, = 238 kpsi. From Prob. (3-87) solution
which considered stress concentrations for Pra@# 3-

01 = 53.0 kpsi,cz = — 8.48 kpsi, andmax = 30.7 kpsi

DE: From Egs. (5-13) and (5-19)
S, 238

(0i-0u0,+02)" [53.0 - 53.q- 8.ap+ (- 8.48]
=412 Ans.

n=

1/2

Q|»

Using the 4140 versus the 1018 CD, the factor ofgaieteases by a factor of
4.12/1.40 = 2.94. Ans.

5-57 Design Decisions Required:

* Material and condition
» Design factor

» Failure model

» Diameter of pin

UsingF = 416 Ibf from Ex. 5-3,

32M
amax = 7Td3

1
3
dz(szmj
T

max

Decision 1: Select the same material and conditidxo5-3 (AISI 1035 steel, = 81
kpsi)

Decision 2: Since we prefer the pin to yield, et little larger than 1. Further
explanation will follow.

Decision 3: Use the Distortion Energy static failuredry.

Decision 4: Initially sehyg = 1

— Sy — Sy — H
g, ———T—81000 psi

max

Ny

d= (M)T =0.922in
7781 000)

Shigley's MED, 18 edition Chapter 5 Solutions, Page 32/52



Choose preferred size df=1.000 in

£ _ 710’ (81000)_
32(15)
530

n=——=1.27
416

530 Ibf

Set design factor ta, =1.27

Adequacy Assessment:

S
. :—V:M:63800 psi
ng 1.27
1
3
71(63 800)
3
=70 (B1000)_ o5 ¢
32(15)
n=230_1 27 (0K)
416

5-58 From Table A-20, for a thin walled cylinder madeAdSI 1020 CD steelS, = 57 kpsi,
Sit = 68 kpsi.

Sincer/t = 7.5/0.0625 = 120 > 10, the shell can be consdli#rin-wall. From the
solution of Prob. 3-93 the principal stresses are

0,=0,=—=————=60p, O,=-p
From Eq. (5-12)

,_ 1 2 2 22
o _E[(Ul_az) +(0,-0y) +(0_3_0-1)]

:%[(60p—60p)2+ (6G+pF+ tp- 60 3] = 6p

Foryield, 0'=S, = 61p =57 (1) = p =934 psi Ans.
For rupture,61lp=68 = p=1.11kpsi Ans .
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5-59 For AlISI 1020 HR steel, from Tables A-5 and A-20s 0.282 Ibf/if, S, = 30 kpsi, and
v=0.292. Thenp= wlg = 0.282/386 IbE/in. For the problent; = 3 in, and, = 5 in.
Substituting into Egs. (3-55), p. 129, gives

: : 9(25 1+30.29
o =0:282 (3 02021 oo, (2)_ 10.292 ,
386 8 r 3+ 0.292

=3.00§( 104)402( 34%3— 0.56992] =F(r)e? 6
o, =3.004 104)402( 3&2%542):@0)@2 (2)

For the distortion-energy theory, the von Misesst will be

1/2

o'=(o?-o0, +022)1/2 =’ F(r) = F(r)G(r)+G*(r) ] (3)
Although it was noted that the maximum radialstreccurs at = (ror; )“’* we are more
interested as to where the von Mises stress isxamman. One could take the derivative
of Eq. (3) and set it to zero to find where the mmaxm occurs. However, it is much
easier to ploo/w? for 3<r < 5 in. Plotting Egs. (1) through (3) results in

70
®0 \
50 =
alw tan
30 .
----- radial
20 — —von Mises
10
0 ---------------------
3 3.5 4 45 5

It can be seen that there is no maxima, and & egt value of the von Mises stress is
the tangential stress iat r;. Substituting = 3 in into Eq. (1) and setting’= S, gives

1/2

30(10)

3.00§ 104)( 34+23225— 0.5690 2:))

w= =1361 rad/s
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n= 60w = 60(1361): 13000 rev/min Ans .
27T 21T

5-60 Sincer/t = 1.75/0.065 = 26.9 > 10, we can use thin-wadigdations. From Eqs. (3-53)
and (3-54), p. 128,

d, =3.5- 2(0.065F 3.37in
o = p(d; +1)
2t
_500(3.37+ 0.065) ;4,5 psi= 13.2 kpsi
2(0.065)
= P4 _S00B:37)_ 01 psi= 6.48 kpsi
4  4(0.065)

t

g, =-p =-500 psi=- 0.5 kpsi

These are all principal stresses, thus, from &4.2),

1
o=

\/E{(13.2— 6.49° +[ 6.48 | 0_5}5+(_ 05 13)%1/2
=11.87 kpsi
n=S . 46

o 11.87
n=3.88 Ans.

561 From Table A-20,S, =320 MPa

With p; = 0, Egs. (3-49), p. 127, are

rzp r2 b2

0, =——2" |1+ |=c| 1+ 1
t roz_riz( r2] ( rzj ()
L S P i DO Y

o=l 1)o7

For the distortion-energy theory, the von Misees is
2 5 L2
' v2 b? b2 b2 b2
s SRS )
4 1/2
= c(1+ 3b—4j
;
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We see that the maximum von Mises stress occuesewtis a minimum at = r;. Here,
o =0 and thugr’'=- ¢ . Setting- ¢t =S, = 320 MPa at = 0.1 m in Eq. (1) results in

| _ 2r02p0 _ 2(0.1%) P,
tlr=r, r02 _r'2 0,152_ Of

=3.6p,= 320 = p,= 88.9 MPa Ans .

5-62 From Table A-245,; = 31 kpsi for grade 30 cast iron. From Table A*5,0.211 and
w = 0.260 Ibf/irf. In Prob. 5-59, it was determined that the maxinstress was the
tangential stress at the inner radius, where tti@lratress is zero. Thus at the inner
radius, Eq. (3-55), p. 129, gives

7, = pd(ﬂj(moz_'_riz_ Ly 2j: 0.2600)2( 3.21}[2( 5)+ - * 3(0.2133)2}
8 3+v 386 8 3.211

=0.01471F = 3( 1?)) = 1452 rad/ sec

n = 60(1452)/(2r) = 13 870 rev/min Ans.

5-63 From Table A-20, for AISI 1035 CLy, = 67 kpsi.

From force and bending-moment equations, the groeaction forces are found in two
planes as shown.
y

223 Ibf lll'.-' Ibf

L 7 B (-‘
A = - D—x
8" I 8" 6"
350 Ibf
xy plane
451 Ibf
8" 8" ’
A — D—x
123 1bf 328 Ibf
] xz plane

The maximum bending moment will beBabr C. Check which is larger. In the plane,

M, =223(8)= 1784 IbfJin andl, = 127(8) 762 IEF in.

In thexz plane,M,; =123(8)= 984 Ibfllin andM. = 328(6) 1968 Ibf in.
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1

M, =[(1784F + (984f ¥ = 2037 Ibflin
1

M. =[(762) + (1968f } = 2110 Ibflin

So pointC governs. The torque transmitted betwBeandC is T = (300—- 50)(4) = 1000
Ibf-in. The stresses are

_ 16T _ 16(1000)_ 5093 .
T e af P

_32M, _ 32(2110)_ 21492
ST T ae ™

For combined bending and torsion, the maximumrssteess is found from

2 1/2 2 2 1/2
g\ | > 21.49)" (5.0 11.89,
Tmax = (_) + z-XZ = ( 3 j +( 3 i = 3 kpSI
2 2d d d

Max Shear Stress theory is chosen as a consexVatiure theory. From Eq. (5-3)

== = d=0.892in Ans.

5-64

As in Prob. 5-63, we will assume this to be a ssgpiroblem. Since the proportions are
unchanged, the bearing reactions will be the sae Brob. 5-63 and the bending moment
will still be a maximum at point. Thus

xy plane: M. =127(3)= 381 Ibfin

xz plane: M. =328(3)= 984 Ibfin

So
M e =[ (3817 + (9845 ]~ = 1055 Ibflin

_32M. _32(1055)_ 10746 __ 10.75 _
O == @ = g5 = g5 PSI=—g3 KPS

Since the torsional stress is unchanged,

5.09
7. =

xz d3

kpsi

For combined bending and torsion, the maximumrssteess is found from
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2 1/2 2 2 1/2
.- (1) 2| = (10.75} J{ 5.053 _ 7.40klosi
ma {2 & 2d° d° d?

Using the MSS theory, as was used in Prob. 5i68sg
S 7.40_ 67

:_y
o0 T d®  2(2)

d=0.762 in Ans.

5-65 For AISI 1018 HR, Table A-20 gives = 32 kpsi. Transverse shear stress is a maximum
at the neutral axis, and zero at the outer raddending stress is a maximum at the outer
radius, and zero at the neutral axis.

Model €): From Prob. 3-40, at outer radius,
o' =0 =17.8 kpsi

At neutral axis,

o =+/3r? =/3(3.4° = 5.89 kpsi
S

n=>r=32 _543

The bending stress at the outer radius dominates1.80 Ans.

Model d): Assume the bending stress at the outer radilgaminate, as in model
(¢). From Prob. 3-40,
o' =0 =25.5 kpsi

S
=—y=£ =1.25 Ans
g 255

Model €): From Prob. 3-40,
o =0 =17.8 kpsi

S
:_V:E:]__SO Ans
o 17.8

Model d) is the most conservative, thus safest, and regtie least modeling time.
Model () is probably the most accurate, but modgly(elds the same results with less
modeling effort.

5-66 For AISI 1018 HR, from Table A-2@, = 32 kpsi. Modeld) yields the largest bending
moment, so designing to it is the most conservatpgroach. The bending moment is
M = 312.5 Ibfih. For this case, the principal stresses are
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0, -3M 0,=0,=0
1 n_d3 ! 2 3
Using a conservative yielding failure theory use MSS theory and Eq. (5-3)

/3
S 32M S _[32MnJ1
= d=

ATETL T T T s
n n

y

32(312.§ 2.5

Thus, d= =0.629in 0 Usd :1—1 in Ans .
m1(32)10 16

5-67 When the ring is set, the hoop tension in the isnggual to the screw tension.

2

I' r,
0, =5 2 1+_2
rZ-r?\"

The differential hoop tensiatf atr for the ring of widthw, is dF = wao,dr . Integration
yields

2 2 2 2
r wr. T r wr. r
F=["wodr =02 [ 14 le or =P plo
fi o~ r r,—r r

The screw equation is

T
F=— 2
e 2)

From Egs. (1) and (2)

pyrydf p:i: T
' wr 0.2dwr,
i

x 24 dF, = fprdé@

o
F =] twrdo= fTw n["de

0.2dwr, "o
:m Ans.
0.2d
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5-68 T=20Nm,S =450 MPa

(a) From Prob. 5-67T = 0.2F;d
T 20

I 0.9 §(10%)]

(b) From Prob. 5-67 =wr; p;

=16.7( 16) N= 16.7kN Ans .

_F _F _ 16.7(10) )
P Twr wr [12(103)}[( 25/2)( 103)} —111.3( 1(9) Pa 111.3 MPa Ans
© o =—§‘2p‘z£1+r_02] -pliee)
rh =T r r=r r,—r

. 111.3( 0.0125+ o.oZE)
~ 0.02%- 0.012%

=185.5 MPa Ans.

o, =-p =-111.3 MPa
(d)

I = 0,70, _0,706,

max 2 2

_1855 € 111'3):148.4 MPa Ans .

1/2

JI:(Ui_JAJB +U§)
=[185.8 - (185.5)¢ 111.3) { 1113}

=259.7 MPa Ans.
(e) Maximum Shear Stress Theory

S 450 =152 Ans.
2r,.. 2(1484

max

n=

Distortion Energy theory

S
n:_y:4_50:1.73 Ans.
g 259.7
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5-69 The moment about the center caused by
the forceF is F re wherer, is the effective
radius. This is balanced by the moment 125 um R
about the center caused by the tangential
(hoop) stress. For the ring of width

25 mmR Er
I
i

rO
Fr, =.[ ro,wdr
i

2 2 ' o
wpr. en r
=] [Hi}df i
o —F =" r |
2 2

2

wpr r-—r. r

re= fu - o) i +r02|n o)
F(r0 lf ) 2 r

From Prob. 5-67; = wr; p;. Therefore,

2 2
I re—r r
re= 2I 2 : I +r02|n_0
ry—r 2 I

For the conditions of Prob. 5-67= 12.5 mm and, = 25 mm

4+ 25 “325; =178mm Ans.

12.5 25-125
r.=
25 -12.8 2

5-70 (a) The nominal radial interferencedgm= (2.002-2.001) /2 = 0.0005 in.

From Eg. (3-57), p. 130,

_ Eal(rf-Rz)(Rz-rZ)]

P=oR

_30(10) o.ooof( 15 9 x 0.62‘)5]:3072 osi Ans.
2(7) 1.5 -0.625

Inner member: p; = 0,p, = p = 3072 psi. At fit surface=R= 1 in,

R®+r1? 1> +0.625 :
Eq. (3-49), p. 127, g, =- L =-3072 50— |=-7010 psi
a-(3-49).p PR 2(12—0.6252j g

g =—-p=-3072 psi
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Eq. (5-13)

r 2 2 1/2
o= (O'A —-0,0, +0A)

[(_7010)2 —(-7019(- 307p+(- 303%”2 = 6086 psiAns

Outer member: p; =p = 3072 psip, = 0. At fit surface =R= 1 in,

(2 +R? 1.5 +1 .
Eq. (3'49), p. 127, g = pm =307{mJ = 7987 psi

g =-p=-3072 psi

Eq. (5-13)

, 2 2 1/2
o —(UA—JAO'B +JA)

=[7987 - 7987~ 307p+(- 3093 = 9888 psiAns

(b) For a solid inner tube,

30(10) 0.0005( 15~ %( ﬂ:ma? osi Ans.

P= 2(7) T 15
Inner member: g =g =-p=-4167 psi

o :[(—4167)2—(—416’4(— 416)+(- 41@%}”2 = 4167 psiAns
Outer member: pi =p = 4167 psip, = 0. At fit surface =R= 1 in,

r2+R? 1.8 +7 |
Eq (3'49), P. 127, O-t = pm =4l67(mj =10834 psI

g =—-p=-4167 psi

Eq. (5-13)
o= (a'f\ -0,0, + a,i)m

[10 834 - 10 83§~ 416+ (- 41§] = 13410 psins
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5-71 From Table A-5, E = 207 (¥pMPa. The nominal radial interferencedgm = (40—
39.98) /2 = 0.01 mm.

From Eq. (3-57), p. 130,

o= EJ{(VOZ—RZ)(RZ_riz)]

2R

207(1G) o. 25 76- ¢
= 0 2((202)0 0{( 3 32.?—(1(5‘ 9)] =26.64 MPa Ans .

Inner member: p; = 0,p, = p = 26.64 MPa. At fit surface=R = 20 mm,

2 2
Eq. (3-49), p. 127, 0, =-p 'V :—26.6{M

R =-44.40 MPa
R? —ri2 202—102]
g =—-p=-26.64 MPa

Eq. (5-13)
o= (af\ -0,0, + a,i)m

[(—44.4@2—(—44.4())(— 26.6p (- 26.()%11/2= 38.71 MP&Ans

Outer member: p; = p = 26.64 MPap, = 0. At fit surface =R= 20 mm,

2 2
EQ. (349).p. 127, 0,=pi —26.6{M

= = 59.12 MPa
ro2 -R? 32.5- 2(?}
g =—-p=-26.64 MPa

Eq. (5-13)
o= (af\ -0,0, + J,i)llz

[59.17 - 59.12- 26.6p+ (- 26.4f = 76.03 MPains

5-72 From Table A-5, E = 207 (§pMPa. The nominal radial interferencedgm = (40.008-
39.972) /2 = 0.018 mm.

From Eqg. (3-57), p. 130,
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P=oR

EJ[(%“RZ)(RZ-“)]

_207(10) 0.018( 325 Z)( Zo
- 2(20) 32.5-16
Inner member: p;i = 0,p, = p = 47.94 MPa. At fit surface=R = 20 mm,

£
))} =47.94 MPa Ans .

R +r? 20° +10°
Eqg. (3-49), p. 127, g =- =-47.94 —————
q ( ) p t pRZ—I'- {202_102

] =-79.90 MPa

g =—-p=-47.94 MPa

Eqg. (5-13)
o

1/2

(JA On0p +U/§)

[(—79.9()2—(— 79.90(- 47.9p+ (- 47. s)} = 69.66 MPaAns

Outer member: p, =p = 47.94 MPap, = 0. At fit surfacea =R = 20 mm,

r? +R? 32.5 + 20
Eq. (3-49), p. 127, 0 = pe =47.94 —————|=106.4 MPa
9. (3-49).p ' prj R? {32.52— 26}

g =-p=-47.94 MPa

Eq. (5-13)
o= (af\ -0,0, + Uf\)

[106.4 - 106.4- 47.9p+ (- 4795 = 136.8 MPains

172

5-73 From Table A-5, for carbon ste&; = 30 kpsi, and; = 0.292. While folE, = 14.5 Mpsi,
andv; = 0.211. For ASTM grade 20 cast iron, from Tabl@A S, = 22 kpsi.

For midrange valueg}= (2.001- 2.0002)/2 = 0.0004 in.

Eq. (3-50), p. 127,
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o

P (R 1(R2+r?
RI—1 5% 2tV P o | pe 2V
E,\r;-R E\R° -,

_ 0.0004 2613 psi
{ 1 (22+12

1 (f
1 14510\ 2 +O'211J+3c(1€))(12_ 0.29%}

At fit surface, withp; = p =2613 psi, angb, = 0, from Eq. (3-50), p. 127

r2+R° 22 +1 .
g.=p TR 261{ﬂj = 4355 psi

0 =—-p=-2613 psi

From Modified-Mohr theory, Eq. (5-32a), sinog> 0 >gg and| g /oa | <1,

5-74 E =207 GPa
Eq. (3-57), p. 130, can be written in terms ohulégers,

_Eq, [(dj ~D?)(D? —df)} _ 207(10) (0-062{ (507 — 45 )(45 - 46 ﬂ
2D° (d; —d?) 2(45)° (50° - 4G )

p=15.80 MPa

Outer member: From Eq. (3-50),

_ 45 (15.80)

Outer radius{a,)_ = T (2)=134.7 MPa

2
Inner radius{a, ), = ‘:5%2(15"5_)20(1

(g,). =-15.80 MPa

50
+
45

j =150.5 MPa

Bending (no slipping): | = (77/64)(5¢ - 40" = 181.1 (16) mnd
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Atr: (o) =¢w=¢w)=¢93.2(16 ) Pa=+ 93.2 MPa
° T 1 T181.1(10°)
675(0.045/ 2)
Atr,: =x——— - —=4+83910) P&+ 83.9 MP

Torsion:J = 2| = 362.2 (16) mnf

Atr,: (TW)O:E—W):&.I(M) P& 62.1MPa

J _362.2( 10°)

~900(0.045/2)_

Atr: (1) = 362.2(10) =55.916) P& 55.9 MPa

Outer radius, is plane stress. Since the tandestitesss is positive the von Mises stress
will be a maximum with a negative bending stressatTs,

0,=-93.2 MPao, = 134.7 MPa, = 62.1 MPa

, 12

— 2 _ 2 2
o =|o; 0'X0'y+0'y+3l'xy)

Eqg. (5-15)

From Eq. (5-14) withr, = 7 = 0 andgy = + 83.9 MPa

L
7z

With ¢ = - 83.9 MPa
a':i[(—ss.g— 150.5)+ (150.5 158} —( 15#8 83°9) 6(559) = 302MPa

V2

[(83.9- 150.5)+ (150.5 15.8F —( 158 83'9) 6(559) = 74IMPa
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S
:—yzﬂszlﬁo ANs.

o 230

5-75 From the solution of Prob. 5-7@¢ = 15.80 MPa

Inner member: From Eq. (3-50),
24?45+ A0

r2-r? T ITe

Outer radius{(a,)_ = (15.80)=-134.8 MPa

(0,), =-p=-15.80 MPa

I di 2 —2(452) 15.80 150.6 MP
nner radiusi{o,) =- g =- .80)=- . a
( t)l r2_r2 pO 452_402( )

(o] I

Bending (no slipping): | = (77/64)(5¢ - 40%) = 181.1 (16) mn"

Atr,: (o)) =¢m=¢w)=¢83.9(16 ) P&+ 83.9 MPa
o | 181.1(109)
_ _ . 675(0.040/2)_
At : e 247459 16) Pat 745 MP
rI (UX)| 181.1( 109) E( ) $ a

Torsion:J = 2| = 362.2 (16) mnf

(s,). - Tc _ 900(0.045/ 2)

Atr,: 3 ™ 3622(10] =55.916) P& 55.9 MPa

(o]

Atr: (1) :%):49.7(16) P& 49.7 MPa

Outer radius, 3D state of stress

— 1348 MPa

“y
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From Eq. (5 14) withr,, = 7, = 0 andgy = + 83.9 MPa
o :ﬁ[(SB 9+134.8)+ £ 134.8 158y —( 158 839) 6(55P) = 13MPa

With g = — 83.9 MPa
a'_%[( -83.9+134.8)+ ¢ 134.8 158y —( 1518 83'9) 6(558) = 42IMPa

S,
——yzﬁszl.% Ans.

nO ]
o 213
Inner radius, plane stress. Worst case is wiheas positive

o,=745MPag, =~ 150.6 MPa, = 49.7 MPa

Eq. (5-15)
1/
o= (af -00,+0); +3rX2y)

[74 5 - 74.4- 150.p+(- 150)6+ (3 49.%]”2: 216 MPa

n i:—15:1.92 Ans.
o 216

For AISI 1040 HR, from Table A-2@, = 290 MPa.

5-76
65.2 MPa. From Eq. (3-50) at the inner radRud the outer

From Prob. 3-110max =

member,

2 2 2

q:p°2 *R 652502—25 108.7 MPa
rS— -R? 50% -

g, =-p=-65.2 MPa
These are principal stresses. From Eq. (5-13)

=[108.7- 108.1- 65+ (-

a,=(0?-0,0,+0?)" 65)&}1/2 = 152.2 MPa

For AISI 1040 HR, from Table A-2@, = 42 kpsi.

5-77
9 kpsi. From Eq. (3-50) at the inner radRisf the outer

From Prob. 3-111pmax =
member,
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r’+R* __2°+7° .
g, = proz—Rz :922_12 =15 Kkpsi
g, =-p=-9 kpsi
These are principal stresses. From Eq. (5-13)

o, = (af -0.0. +a,2)1/2 = [152 - 15¢ 9+ (- QZTIZ = 21 kpsi

5-78 For AISI 1040 HR, from Table A-2, = 290 MPa.

From Prob. 3-111pmax = 91.6 MPa. From Eq. (3-50) at the inner radRusf the outer

member,
2
o =p2 R 201630725 - 1577 Mpa
Z-R 507 25

o, =-p=-91.6 MPa
These are principal stresses. From Eq. (5-13)

0,=(02-0,0,+0?) " =[152.7 - 152.7¢ 91.6) (- 91)6]”2: 213.8 MPa

5-79 For AISI 1040 HR, from Table A-2@, = 42 kpsi.

From Prob. 3-111pmax = 12.94 kpsi. From Eq. (3-50) at the inner radiusf the outer
member,
r’ +R? 22+ .
0-t = pr2 R2 :1294ﬂ = 21.57 kpS|

g, =-p=-12.94 kpsi
These are principal stresses. From Eq. (5-13)

0, = (0% - 0,0, +0?) " =[ 2157 - 2157 12.98)(- 12.9%1]1/2= 30.20 kpsi
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5-80 For AISI 1040 HR, from Table A-2@, = 290 MPa.

From Prob. 3-111pmax = 134 MPa. From Eq. (3-50) at the inner rad®usf the outer

member,
r? +R? 50° + 25
o, = p-° =134 = 223.3 MPa
=P r?-R° 507 - 25
o, =-p=-134 MPa
These are principal stresses. From Eq. (5-13)

1/2

a;=(q2—qa,+af)”2=[223.3’— 223.3¢ 134 (- 134 = 3126 MPa

S
:_y:&:O_g?, Ans
o 312.6

5-81 For AISI 1040 HR, from Table A-2@, = 42 kpsi.

From Prob. 3-111pmax = 19.13 kpsi. From Eq. (3-50) at the inner radiusf the outer
member,
2 2 2
0, = p%RZ :19.13% = 31.88 kpsi

g, =-p=-19.13 kpsi
These are principal stresses. From Eq. (5-13)

a,=(0?-00, +a—f)”2:[31.882— 31.88¢ 19.13)(- 19,)%,}”2: 44.63 kpsi

5-82
o :1(2 i congiK K, sing cog SiH3€J2
P2l omr 2 \ 2 2 2 2
K o 6o 30y
+ l_sin— COS— COS—
(\/Zm 2 2 2]]
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1/2
LY co sg (sn?— co%— S|ﬁ—+ sﬁw— cdg cbg'ij
N 27 2 2 2
LY (cos€+ smg cogj K, cog( 4 sgj
N2 2 2 2) 2mr 2 2

Plane stress: The third principal stress is zero and
o, = K, cosg( 1+ singj 0. - K cog( 1 sigj g,= O0Ans
Yodom 2 2) 7% Jomr T2 2) °

Plane strain: Equations folor ando; are still valid,. However,

K |

Jam

o,=v(o,+0,)=2v

cosg ANs.

5-83 For@= 0 and plane strain, the principal stress eqoatad Prob. 5-82 give

(3) DE: Eq. (5-18)— [(al—al)z+(01-2'/01) +(vo,-0) le y

NG

or, -2V =S

Forv=%, {1—2(%}}01:% = 0,=3, Ans.

(@) MSS: Eq. (5-3), witim =1 O-;=5 = Oo0-2V0=S

V== = g, =3S Ans
T 3 y
Y i, 0,=0,-S,=25 = J‘EJ
20_\]0_110_2 a 3 1 3% y 3 3 1
‘?; 1

Radius of largest circle

R:l(gl—zg'lj :ﬂ
2 3 6
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584 Given:a= 16 mmKi = 80 MP&/m andS, =950 MPa

(a) Ignoring stress concentration
F = SA =950(100- 16)(12) = 958(1%) N = 958 kN  Ans.

(b) From Fig. 5-26h/b = 1,a/b = 16/100 = 0.163= 1.3
Eq. (5-37) K, =poVma

80=13—  [7(16)10°

100(12)
F=329.4(16) N=329.4kN  Ans.

5-85 Given:a= 0.5 in,K,. = 72 kpsd/in andS, = 170 kpsiS, = 192 kpsi
ro=14/2=71in,r;= (14-2)/2=6In

a _05_n5 K_-5_gg57
r-r 7-6 r 7

o 1 (o]

Fig.5-30: g IR 2.4

Eq. 5-37): K.=fBovm = 72=24 (05 = o= 23.9kpsi

Eq. (3-50), p. 127, at=r, =7 in:
6°p

ri2 i — i
o =P (2) = 23.9= P

r2—r2

o 1

(2 = p=4315kpsi Ans .
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Chapter 6

6-1 Eq.(2-21): S,=3.4H;=3.4(300F 1020 MPa

Eq. (6-8): S.=0.5S, = 0.5(1020F 510 MPa

Table 6-2: a=1.58,b=-0.085

Eqg. (6-19): k, =a§, =1.58(1020)****= 0.877

Eqg. (6-20):  k, =1.24d°'%" = 1.24(10)**"= 0.969

Eq. (6-18): S =k k $=(0.877)(0.969)(5105 433 MPa Ans .
6-2 (a) Table A-20: Sit = 80 kpsi

Eq. (6-8): S, =0.5(80)= 40 kpsi Ans.

(b) Table A-20: Sit = 90 kpsi

Eq. (6-8): S, =0.5(90)= 45 kpsi Ans.

() Aluminum has no endurance limit. Ans.

(d) Eq. (6-8): St > 200 kpsi, S, =100 kpsi  Ans.
6-3 S, =120 kpsi,o,,, = 70 kpsi

Fig. 6-18: f=0.82

Eq. (6-8): S, = §=0.5(120)= 60 Kkpsi

2 [0.82(120}°
Eq. (6-14): a= (f ) =[ ( } =161.4 kpsi
S 60
Eq. (6-15): b= —}Iog TS -1 Iog(%@ =-0.0716
3 S 3 60
1
1/b _—
Eq. (6-16): N =| Jrev :(7—0j "™ =116 700 cycles Ans .
a 161.4

6-4 S,=1600MPago,, = 900 MPa

Shigley's MED, 18 edition

rev

Fig. 6-18: Sit = 1600 MPa = 232 kpsi. Off the graph, so estirhat®.77.

Eq. (6-8):  Sit> 1400 MPa, s& = 700 MPa

)? _[0.77(1600)
700

=2168.3 MPa

. oS,
Eq. (6-14):  a="—2

e
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Eq. (6-15): b= Iog( S‘tj SIOQ(O#SSOO} -0.081838

e

g b 900 0012;1838
Eq. (6-16): N=| /| =—— =46 400 cycles Ans .
a 2168.3

6-5 §, =230 kpsi,N= 150000 cycles
Fig. 6-18, point is off the graph, so estimate: f =0.77
Eq. (6-8): Sit > 200 kpsi, soS, = S =100 kpsi
(fs,) _[0.77(230}" .
Eq. (6-14): a= L= =313.6 kpsi
S 100
Eq. (6-15): b:—llog TS :—}Iog(mﬁ -0.08274
3 S 3 100
Eq. (6-13): S, = aN’ =313.6(150 000§°**"*= 117.0 kpsi Ans .
6-6 §,=1100 MPa= 160 kpsi
Fig. 6-18: f=0.79
Eqg. (6-8): S, = $=0.5(1100 550 MPa
0.79(1100
Eqg. (6-14): a= (1S,)° [ ( } =1373 MPa
S 550
Eq. (6-15): b= Iog TS }Iog(wﬁ -0.06622
3 S 3 550
Eqg. (6-13): S, = aN’ =1373(150 000)*****= 624 MPa  Ans .
6-7 S, =150kpsi, S, = 135 kpsi,N= 500 cycles

Shigley's MED, 18 edition

Fig. 6-18: f=0.798

From Fig. 6-10, we note that below*Iycles on th&-Ndiagram constitutes the low-

cycle region, in which Eq. (6-17) is applicable.
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0.799] /3 _

Eq. (6-17): S, = S, N2 =150(500" "= 122 kpsi  Ans .

The testing should be done at a completely redesgess of 122 kpsi, which is below
the yield strength, so it is possible Ans.

6-8  The general equation for a line on a ®glog N scale i§ = aN’, which is Eq. (6-13).
By taking the log of both sides, we can get thea#iga of the line in slope-intercept
form.

logS; = blog N+ log a

Substitute the two known points to solve for unknea andb. Substituting point (1,
S,

logS, = blog(1)+ loga
From whicha = S, . Substituting poin(1C°,f S, ) anda= S,
log f S, = blog1C + log S,

From whichb=(1/3) log f

Os, =S N9 1< N 16

6-9 Read from graph(103,90) and (19 ,50)From S= aN’

log§ =log a+ blog N
logS, =log a+ blog N,

From which

logS logN,-log § log N
logN, /' N,

_log90log16 - log50l0og1d

- log1C /16

=2.2095

loga=

a=10° = 10°*%= 162.0 kpsi
p=10990/ 5;/ 0 _0.0851

(S), =162N°%*  10< N< 10 inkpsi Ans.
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Check:
[(S))ar ., =162(20 )°*= 90 kpsi
[(S)a.],, =162(16 J°**= 50 kpsi

The end points agree.

6-10 d=1.5in,S;:= 110 kpsi

Eq. (6-8): S =0.5(110)= 55 kpsi

Table 6-2: a=2.70,0=-0.265

Eq. (6-19): k, =a§," =2.70(110)°**= 0.777

Eq. (6-20): k, = 0.879d °1°= 0.879(1.5)°1°"=0.842

Eqg. (6-18): S =kikS, =0.777(0.842)(55) = 36.0 kpsiAns.

6-11 For AISI 4340 as-forged steel,

Eq. (6-8): S = 100 kpsi
Table 6-2: a=39.9b=-0.995
Eq. (6-19): ki = 39.9(260)>°%°= 0.158

-0.107
Eq. (6-20): Kk, :(8'—;3 =0.907

Each of the other modifying factors is unity.
S =0.158(0.907)(100) = 14.3 kpsi Ans.

For AISI 1040:
S, =0.5(113)= 56.5 kpsi
k, =39.9(113)°**= 0.362
k, =0.907 (same as 4340)

Each of the other modifying factors is unity

S, =0.362(0.907)(56.55 18.6 kpsi Ans.

Not only is AISI 1040 steel a contender, it hasiperior endurance strength Ans.

6-12 D=1in,d=0.8in,T =1800 Ibfih, f = 0.9, and from Table A-20 for AISI 1020 CD,
Sit = 68 kpsi, ands, = 57 kpsi.
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o

i
.8

(@) Fig. A-15-15: = 0.12

o.“(rlD

r 1
— =——= 12%._= 1.40
d 0.8 Hos

o

Get the notch sensitivity either from Fig. 6-2ffrom the curve-fit Egs. (6-34) and
(6-35b). Using the equations,

Ja=0.190- 2.5{ 10)( epr 1.45 10( 8- 2671 %P8 007335

_ 1 1 _
O =——~="Go7a35 O812
1+¥3 14
N Jo1

Eq. (6-32): Kp=1+0s(Ks—1)=1+0.812(1.46 1) = 1.32
For a purely reversing torque Df 1800 Ibfih,

7. =K

a

K.16T
T _KI6T _1.3206)A800) 5 cn 06 e
J 71(0.8)

Eq. (6-8): S, =0.5(68)= 34 kpsi

Eq. (6-19): ks = 2.70(68)°**= 0.883

Eq. (6-20): k, = 0.879(0.8)**°"= 0.900

Eq. (6-26): k.= 0.59

Eq. (6-18) (labeling for shear):  S;e=0.883(0.900)(0.59)(34) = 15.9 kpsi
For purely reversing torsion, use Eqg. (6-54) Far tiltimate strength in shear.
Eq. (6-54): S, = 0.67S:= 0.67(68) = 45.6 kpsi

Adjusting the fatigue strength equations for shear
(fs,)” _[0.9(45.6]

Eq. (6-14): a= =105.9 kpsi
- ) S.. 15.9 P
Eq. (6-15): b= —llog S, = —}Iog(w)j =-0.137 27
3 S.. 3 15.9

1 1
T \o 23.3\-0.13727
Eqg. (6-16): N=|-=2| =| —/= =61.7/1G) cycles Ans .
9. (6-16) (aj (105.9) (16) o

(b) For an operating temperature @0 Fthe temperature modification factor,
from Table 6-4 i&y = 0.90.
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S.e= 0.883(0.900)(0.59)(0.9)(34) = 14.3 kpsi

(fs.) _[0.945.6)°

a= =117.8 Kkpsi
S, 14.3

b:—ll 0g rS, ——1Iog 0.9(45.6) -0.152 62
3 S 3 14.3

=( j ( J015262—40.9(16) cycles Ans .

6-13 L=0.6mF,= 2kNn= 15N= 10 cycle§, = 770 MP§=  4aPa(Table A-20)
First evaluate the fatigue strength.

F=%2kN
S =0.5(770)= 385 MPa -~ Eﬂﬂm%ﬁ

k, =57.7(770)*"*= 0.488 (] 1
s

Since the size is not yet known, assume
typical value ok, = 0.85 and check later.

All other modifiers are equal to one.

Eqg. (6-18): S =0.488(0.85)(385) = 160 MPa
In kpsi, §;:= 770/6.89 = 112 kpsi

Fig. 6-18: f=0.83
(fs.)” _[0.83(770)°

Eq. (6-14): a= =2553 MPa
S 160
Eq. (6-15): b:—ilog TS =—}Iog(mﬁ -0.2005
3 S 3 160

Eq. (6-13): S, = aN’ =2553(10 )**®= 403 MPa

Now evaluate the stress.
M .. = (2000 N)(0.6 m} 1200 NI m

Mc_M(b/2) _6M _ 6(1209 _ 7200

0,=0p = 5 3 3 Pa, withb in m.
e b(b )/12 b b b’
Compare strength to stress and solve for the sands
s, _40310)
o, 72000

a

Shigley's MED, 18 edition Chapter 6 Solutions, Page 6/58



b=0.0299 m Selett=30 mm.

Since the size factor was guessed, go back aruk dheow.
Eq. (6-25): d,=0.808 hb)'*= 0.80%= 0.808 3= 24.24 mm

-0.107
Eq. (6-20): K, :(%Q =0.88

Our guess of 0.85 was slightly conservative, sawlleaccept the result of
b=30 mm. Ans.

Checking yield,
_ 7200

- -m(lo—e) = 267 MPa

6-14 Given:w =2.5in,t =3/8in,d=0.5in,ng = 2. From Table A-20, for AISI 1020 CD,
Sit = 68 kpsi ands, = 57 kpsi.

Eq. (6-8): S, =0.5(68)= 34 kpsi
Table 6-2:  k, =2.70(68)°*° = 0.88 e g0 F.
Eq. (6-21): ky, =1 (axial loading) 1030

Eq. (6-26): k. =0.85

Eq. (6-18): S = 0.88(1)(0.85)(34) = 25.4 kpsi
Table A-15-1d k= 05/2.5 0.2 = 2.5

Get the notch sensitivity either from Fig. 6-20from the curve-fit Egs. (6-34) and
(6-35a). The relatively large radius is off thragh of Fig. 6-20, so we will assume the
curves continue according to the same trend anthesequations to estimate the notch

sensitivity.
Ja=0.246- 3.04 10)( ep+ 1.1 10)( ¥8- 2671 °p8  0.09799
__ 1 1
q‘l Ja ,009799" =0.836
i Jozs
Eq. (6-32): K, =1+q(K,—1)=1+ 0.836(2.5 1F 2.25
o =K Fao 22,

AT GI8E25 05) o
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Since a finite life was not mentioned, we’ll assuimfinite life is desired, so the

completely reversed stress must stay below theranda limit.

_S. _254_,

" o, 3F,

a

F,=4.23 kips Ans.

6-15

Given:D=2in,d=18inr= 0.1inM_, = 2500061 itmM , = O.

min —

From Table A-20, for AISI 1095 HRS;; = 120 kpsi and, = 66 kpsi.

Eg. (6-8): S =0.5S,=0.120= 60 kpsi

Eq. (6-19): k, =aS, =2.70(120)***= 0.76

Eq. (6-24): d,=0.370d= 0.370(1.85 0.666 in

Eq. (6-20): k, =0.879d,%°" = 0.879(0.666§'= 0.92
Eq. (6-26): k. =1

Eq. (6-18): S =k k k $=(0.76)(0.92)(1)(60F 42.0 kpsi

Fig. A-15-14:D/d =2/1.8=1.11,

r d= 0.1/1.8 0.056 =K, =2.1

Get the notch sensitivity either from Fig. 6-20from the curve-fit Egs. (6-34) and

(6-35a). Using the equations,

Ja=0.246- 3.0¢ 10)( 120 151 19( 1fo- 2679 dpo 0.04770
__ 1 _ 1 _
9=/ = ooar70 ¥
TRLI PR adil
Jr Jo.1
Eq. (6-32): K= #qK-1F * 08724 B 1.96
| = (7/64)d* = (7/64)(1.8f = 0.5153 if
e - Mc_25000(1.8/2) 43664 psiE 43.7 kpsi
| 0.5153
Jmin = 0
| 43.7+
Eq. (6-36): o.=K, % - (1.96)% = 42.8 kpsi

Shigley's MED, 18 edition

Chapter 6 Solutions, Page 8/58



o :Kf Umax_amin

a

=(1.96)

W%@‘ = 42.8 kpsi

Eq. (6-46): 1_o0,,0,_428, 428
' ' nn S S 420 120
n, =0.73 Ans.

A factor of safety less than unity indicates dténife.

Check for yielding. It is not necessary to in@dutle stress concentration for static
yielding of a ductile material.

6-16 From a free-body diagram analysis, the bearingim@atorces are found to be 2.1 kN at
the left bearing and 3.9 kN at the right bearinige Tritical location will be at the
shoulder fillet between the 35 mm and the 50 mmédiars, where the bending moment
is large, the diameter is smaller, and the stressentration exists. The bending moment
at this point isM = 2.1(200) = 420 kNhmm. With a rotating shaft, the bending stress will
be completely reversed.

_Mc _ 420(35/2)

| (1] 64)(35)

This stress is far below the yield strength of 88@a, so yielding is not predicted. Find
the stress concentration factor for the fatigudysma

=0.09978 KN/mm = 99.8 MPa

Fig. A-15-9:r/d = 3/35 = 0.086,D/d = 50/35 = 1.43 K;=1.7

Get the notch sensitivity either from Fig. 6-20from the curve-fit Egs. (6-34) and
(6-35a). Using the equations, wi = 470 MPa = 68.2 kpsi amrd= 3 mm = 0.118 in,

Ja=0.246- 3.0§ 10)( 68 14119( 69> 2(67%¢ 6§82 0mo7

_ 1 _ 1 _
q_1 fa 1. 0.00771 08
Va1, 00977
4 Jo11s

Eq. (6-32): K,= tqK - ¥ ¥ 07817 %) 1.55
Eqg. (6-8):  S,=0.5S,=0.5(470F 235 MPa

Eqg. (6-19): k, =aS, =4.51(470)°**= 0.88

Eq. (6-24):  k, =1.24d7°'%" = 1.24(35)**"= 0.85
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Eq. (6-26): k =1
Eq. (6-18): S, = k k k $=(0.88)(0.85)(1)(235F 176 MPa

s _ 176

e

“K,o,, 155993

rev

n; =1.14 Infinite life is predicted. Ans.

6-17

From a free-body diagram analysis, the
bearing reaction forces are found to be

Ra = 2000 Ibf andRs = 1500 Ibf. The shear-
force and bending-moment diagrams are
shown. The critical location will be at the i S
shoulder fillet between the 1-5/8 in and the ¢ At T
1-7/8 in diameters, where the bending v (Ibf)
moment is large, the diameter is smaller, a 2000
the stress concentration exists.

(0] X

=500
-1500
M = 16 000 — 500 (2.5) = 14 750 lbih M| 16000 14750 o
With a rotating shaft, the bending stress wi (°F™)
be completely reversed. " 5

_ Mc _14750(1.625/2)

g =
DA (711 64)(1.625%
This stress is far below the yield strength okpéi, so yielding is not predicted.

35.0 kpsi

Fig. A-15-9: r/d = 0.0625/1.625 = 0.04D/d = 1.875/1.625 = 1.15K; =1.95
Get the notch sensitivity either from Fig. 6-20from the curve-fit Egs. (6-34) and
(6-35a). Using the equations,
Ja=0.246- 3.0§ 1G)( 8p+ 141 19( ¥5 26774 )85 0.07690
1 1

" Ja 1, 007690 0.76.

Y T Jooes

Eq. (6-32): K, =1+q(K,-1)=1+ 0.76(1.95 1y 1.72

Eq. (6-8): S, =0.55, = 0.5(85F 42.5 kpsi

Eqg. (6-19): k, =aS, =2.70(85)°***°= 0.832

Eqg. (6-20): k, =0.870%*" = 0.879(1.625§'= 0.835
Eqg. (6-26): k. =1
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Eq. (6-18):
n, = % - 295 _g49
K,0. 1.72(35.0

S, = k k k $=(0.832)(0.835)(1)(42.5% 29.5 Kpsi

ANS .

Infinite life is not predicted. Use tf&Ndiagram to estimate the life.

Fig. 6-18: f = 0.867
(fs.)” _[0.867(85)°

Eq. (6-14): a=

& 19 s 295

Eq. (615): b=-+ log- 2 |=_1 |0§ 0.867(85) _
3 S 3

Ko,

N= 4600 cycles

184.1
Ans.

29.5

Ji _ ( W)joim

= 184.1

)

=4611 cycles

- 0.1325

6-18 From a free-body diagram analysis, the
bearing reaction forces are found toRae=
1600 Ibf andRs = 2000 Ibf. The shear-force
and bending-moment diagrams are shown.
The critical location will be at the shoulder
fillet between the 1-5/8 in and the 1-7/8 in
diameters, where the bending moment is
large, the diameter is smaller, and the stres:

concentration exists.
M =12 800 + 400 (2.5) = 13 800 i

With a rotating shaft, the bending stress will
be completely reversed.
_Mc _13800(1.625/2)

| (77/64)(1.625)

32.8 kpsi

rev

(Ibf)

o

M
(Ibfiin)

0

1600
400
%
-2000
12800 7000

This stress is far below the yield strength okpéi, so yielding is not predicted.

Fig. A-15-9:r/d = 0.0625/1.625 = 0.04D/d = 1.875/1.625 = 1.15K; =1.95

Get the notch sensitivity either from Fig. 6-20from the curve-fit Egs. (6-34) and

(6-35a). Usingthe equations,

Shigley's MED, 18 edition
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Ja=0.246- 3.0¢ 10)( 8p+ 1.4110( ¥5- 2671 )85

1 1
q= = =0.76
Ja 1, 0.07690

M 7 Jooes

Eq. (6-32): K, =1+q(K,-1)=1+ 0.76(1.95 1F 1.72

Eq. (6-8): S.=0.5S, = 0.5(85F 42.5 kpsi

Eq. (6-19): k, =aS, =2.70(85)°** = 0.832

Eq. (6-20): k, =0.879d7°"" = 0.879(1.625§'= 0.835

Eq. (6-26): k =1

Eq. (6-18): S. = k k k $=(0.832)(0.835)(1)(42.5% 29.5 kpsi
n, = > - 295 =0.52 Ans .

Ko, 172328

Infinite life is not predicted. Use tf&Ndiagram to estimate the life.
Fig. 6-18: f=0.867

(fs.) _[o.867(85)"

Eqg. (6-14): a= = 184.1

a- ( ) S 29.5

Eq. (615) b=-% jog 1w |=_1 |O§M§:- 0.1325
3 S 3 29.5

1 1
K.o. \b 0.
Eq. (6-16) N=| v :(W)j " 27527 cycles
a 184.1

N= 7500 cycles Ans.

0.07690

6-19

Shigley's MED, 18 edition

Table A-20: S, =120 kpsi,S, = 66 kpsi
N = (950 rev/min)(10 hr)(60 min/hr) = 570 000 cycles

One approach is to guess a diameter and solyadidem as an iterative analysis
problem. Alternatively, we can estimate the few ifyadg parameters that are dependent
on the diameter and solve the stress equatioméodimeter, then iterate to check the
estimates. We’'ll use the second approach sirsteitld require only one iteration, since

the estimates on the modifying parameters shoulurétty close.

First, we will evaluate the stress. From a fredybdiagram analysis, the reaction forces
at the bearings af = 2 kips andR, = 6 kips. The critical stress location is in thieldhe

of the span at the shoulder, where the bending moiméigh, the shaft diameter is
smaller, and a stress concentration factor exithe critical location is not obvious,
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prepare a complete bending moment diagram and aeadi any potentially critical
locations. Evaluating at the critical shoulder,

M =2 kip(10 in) = 20 kidJin
_Mc_M(d/2) _32m _32(29 _ 203.7

g = = =
U m*/164 md® mmd® d®

kps

Now we will get the notch sensitivity and strees@entration factor. The notch
sensitivity depends on the fillet radius, which elegls on the unknown diameter. For
now, let us estimate a valueg#£ 0.85 from observation of Fig. 6-20, and chedktir.

Fig. A-15-9:D/d=1.4d/d=14, r /d= 0.1 d= 0.1, K= 1.65
Eqg. (6-32): K, =1+q(K,-1)=1+ 0.85(1.65 1y 1.55
Now, evaluate the fatigue strength.

S, =0.5(120)= 60 kpsi
k, =2.70(120)***= 0.76

Since the diameter is not yet known, assume aaypalue ok, = 0.85 and check later.
All other modifiers are equal to one.

&=(0.76)(0.85)(60) = 38.8 kpsi
Determine the desired fatigue strength fromSHediagram.

Fig. 6-18:  f=0.82
(fs.)” _[0.821120)°

Eq. (6-14): a= = 249.6

a( ) S 38.8

Eq. (6-15): b=—E lo S =——1 Ioé%(lzoﬁ=— 0.1347
3 S 3 38.8

Eq. (6-13): S, = aN’ = 249.6(570 000)"**" =  41.9 kpsi

Compare strength to stress and solve for the rapgh

LS. 41.9 _
" Ko, (1.55(203.74%)
d=2.29in
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Since the size factor and notch sensitivity weresged, go back and check them now.

0.157 _

Eq. (6-20): k,=0.91d**"=0.91 2.2) "= 0.80

From Fig. 6-20 withr =d/10 = 0.229 in, we are off the graph, but it appearsguess for
g of 0.85 is low. Assuming the trend of the graphtmues, we’ll choosg = 0.91 and
iterate the problem with the new valueskgpéndg.

Intermediate results a& = 36.5 kpsiS = 39.6 kpsi, an&; = 1.59. This gives

oS 39.6 _
' Kg., (159(20374°)
d=2.36in Ans.

A quick check ok, andq show that our estimates are still reasonablehfisrdiameter.

6-20 S, =40kpsi, S = 60 kpsi,§ = 80 kpsk,,= 15 kpsr,,= 25skpo =7 ,=0

Obtain von Mises stresses for the alternating;rardye, and maximum stresses.
1/2

o, =(o?+3r2)" =[25+3 0’| = 25.00 kps
o, =(o?+3r2)" = [02+ 3(15)1”2 = 25.98 kpsi
o = (02 +3T2max)1/2 _ [(Ua + Um)z + 3(Ta+ Tm)ZT/Z

max

=[25 + 3(1%)]”2 = 36.06 kpsi

(a) Modified Goodman, Table 6-6

n, = 1 =1.05 Ans.
(25.00/ 40 (25.98/80)

(b) Gerber, Table 6-7

2
n :E( 80 j (25.0(? 14 |1+ 2(25.98)(4 131 Ans.
2\ 25.98 40 80(25.00)
(c) ASME-Elliptic, Table 6-8

n, :\/ 1 =1.32 Ans.

(25.00/ 403 + (25.98/60)
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6-21 S ,=40kpsi,S = 60 kpsi,§ = 80 kpst,,= 20 kpsr,,= 10skpo, =7 =0
Obtain von Mises stresses for the alternating;rande, and maximum stresses.
1/2
o, =(o?+3r2)" =[100+ 49| "= 10.00 kps
1/2
o= (02m+3rfn)l/2 = [02 +3( 2()2} = 34.64 kpsi
1/2
1/2 _ |:(Ja + Um)z + 3(Ta+ Tm)z}

=[107+3( 202)}”2 = 36.06 kpsi

g = (0’2 + 3rfnax)

max max

(a) Modified Goodman, Table 6-6

n = 1 =1.46 Ans.
(10.00/ 40+ (34.64/80)

(b) Gerber, Table 6-7

2 2
n :g( 80 j (10.0(? 1+ |14 2(34.64)(4 —174 Ans.
2\ 34.64 40 80(10.00)

(c) ASME-Elliptic, Table 6-8

n, = 1 =1.59 Ans.
(10.00/ 40§ + (34.64/60)

6-22 S ,=40kpsi,§ = 60 kpsi,§,= 80 kpsi,= 10 kpsi,,= 15%kpr =12 kpsi,o ,= 0

Obtain von Mises stresses for the alternating;rardye, and maximum stresses.
1/2

o, =(0?+3r2)" :[122+ q 1()2] = 21.07 kpsi

1/2

o, =(a%+3r2)" =[02+ 3(15)2} = 25.98 kpsi

O = (02t 302,) " =[ (0,4 0, #3(r,47,) ]
=[(12+ 0 + {10+ 1§°] " = 44.93kps
y :i :ﬂ =134 Ans
o, 44.93

(&) Modified Goodman, Table 6-6
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n, = L =1.17 Ans.
(21.07/401 (25.98/80)

(b) Gerber, Table 6-7

2
n =1[ 80 jz(21.07j -1+ [1+ _2(25.98)(4 =1.47 Ans.
" 2\ 2598 40 80(21.07)

(c) ASME-Elliptic, Table 6-8

ng = 1 =147 Ans.
(21.07/40% + (25.98/60)

6-23 S,=40kpsi,§ = 60 kpsi,§ = 80 kpsi,,= 30 kpsr,,=0,=7,= O

Obtain von Mises stresses for the alternating;rande, and maximum stresses.
1/2

o, =(o?+3r2)" :[02+ 3 S(ﬂ = 51.96 kpsi
o, = (02m+3rfn)1/2 =0 kpsi

1/2

o = (afnax+3riqax)l/2 = [(aa +0,) +3(r,+ rm)zJ

max

~[3(307 " = 51.96 kpsi
3307

(a) Modified Goodman, Table 6-6

1

N =————-=0.77 Ans.
(51.96/40)

(b) Gerber criterion of Table 6-7 is only valid fog, > O; therefore use Eq. (6-47).

n%=1 = n=-2=2 -077 ans
S, o, 51.96

(c) ASME-Elliptic, Table 6-8

n, = ;=0.77 Ans.
(51.96/ 40§

Since infinite life is not predicted, estimatafa from theS-Ndiagram. Since&',, = 0,
the stress state is completely reversed an&iNdiagram is applicable far',.
Fig. 6-18:f = 0.875
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(fS)°_ [0.875(80)
S

Eq. (6-14): a= =122.5
g. (6-14) e 20

.1, (fs,) 1 0.875(80§_
EqQ. (6-15): b=-=log| —x |=-Zlog| ——~/) =
9. (6-15) 3g(sej 39( 40

Ub
Eq. (6-16): N :(hj =(£96j 0.08101

a

-0.08101

=39 600 cycles Ans .

6-24 S ,=40kpsi, S = 60 kpsi,§ = 80 kpsi,,= 15 kpsr, = 15skpr =0 ,=0
Obtain von Mises stresses for the alternating;mrande, and maximum stresses.
1/2
o, =(a2+3r2)" :[oz+ 3(15)2} = 25.98 kpsi
1/2
o, =(0%+3r2)" :[152+ q cﬂ = 15.00 kpsi
1/2
o= (a§w+3rfnm)1/2 = [(aa +0,) +3(r,+ rm)ﬂ
2 2 1/2 .
=[ (15 +3(19°| " = 30.00 kpsi
S
n, :,—y_@_z 00 Ans
O,. 30
(a) Modified Goodman, Table 6-6
1
n, = =1.19 Ans.
(25.98/40) (15.00/80)
(b) Gerber, Table 6-7
2
f _1( 80 j ( 25.98j 1+ |14 2(15.00)(40) | _ 143 Ans.
2\15.00 40 80(25.98)
(c) ASME-Elliptic, Table 6-8
1
n, = =1.44 Ans.
(25.98/ 405 + (15.00/60)
6-25 Given: F,,, =28 kN,F_;,, =—28 kN. From Table A-20, for AISI 1040 CD,

S =590 MPa,S, = 490 MPa,
Check for yielding

Shigley's MED, 18 edition
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= Fina 28000 _, 17 4 N/mrA = 147.4 MPa

amax - -
A 10(25- 6)

Determine the fatigue factor of safety based dinite life

Eq. (6-8): S, =0.5(590)= 295 MPa

Eqg. (6-19): k, =aS, =4.51(590)°**= 0.832

Eq. (6-21): k,=1 (axial)

Eq. (6-26): k. =0.85

Eqg. (6-18): S =k k k S=(0.832)(1)(0.85)(295F 208.6 MPa

Fig. 6-20: g=10.83
Fig. A-15-1:d/w =0.24,K, = 2.44
K, =1+q(K,-1)=1+ 0.83(2.44 1y 2.20

|F e = Fon| _ -, |28 000-(- 28 00)

0, =K, |-me_Tmn =22 = 324.2 MPa
| 2A | 2(10)(25- 6) |

Um - Kf |:maxz-':AFmin - O

Note, sincedy, = 0, the stress is completely reversing, and

n, :i:@:o.m Ans.
g, 3242

a

Since infinite life is not predicted, estimate tiie from theS-Ndiagram. Withgy, = 0,
the stress state is completely reversed, an&iNdiagram is applicable fa,.

= 590/6.89 = 85.6 kpsi

Fig. 6-18: f=0.87
Ao (f8)° _ [0.87(590)

Eqg. (6-14): =1263
- ) S 208.6
Eq. (6-15): b= —Elog TS = —}Iog(wﬁ =-0.1304
3 S 3 208.6
o " (324.2) 010
Eq. (6-16): N=| /= | =|—— =33812 cycles
a 1263
N= 34 000 cycles Ans.
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6-26 S,=590 MPa,S, = 490 MPaf, = 28 kNg,,= 12 kN

max

Check for yielding
Oy = Finax 28000 =147.4 N/mni = 147.4 MPa
A 10(25- 6)
S
n, - > 490 oo Ans
o 147.4

Determine the fatigue factor of safety based dinite life.
From Prob. 6-25S, =208.6 MPa K, = 2.2

, 5|28000-(12009 _

— K, |[Foax=Fon| _ 92.63 MPa
a oA 1~ \ 2(10)(25 6) |
o, = Kfm= 2.7 28000+ 12000 _ 53, 6 vipq
2A 2(10)(25 6)

Modified Goodman criteria:

1_o,, 0,_9263 2316

n; Se S 2086 590
n, =1.20 Ans.

Gerber criteria:

O R
2 Jm Se Sllg-a

2(231.6)(208.8)
590(92.63)

~1+ |1+

:1( 590 jz 92.6

2\ 231.6) 208.
n, =1.49 Ans

ASME-Elliptic criteria:

n. = 1 = 1
f (aa/Se)2+(am/ Sy)2 (92.63/208.6§+ (231.6/496)
=1.54 Ans

The results are consistent with Fig. 6-27, whereafmean stress that is about half of the
yield strength, the Modified Goodman line shoulddbct failure significantly before the
other two.
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6-27 S, =590 MPa,S, = 490 MPa

@ F,,, =28 kN,F_ = O kN

Check for yielding
Oy = Finax 28000 =147.4 N/mni = 147.4 MPa
A 10(25- 6)
S
n, - > 490 oo Ans
o 147.4

From Prob. 6-25S, =208.6 MPa K, = 2.2
28000- 0| _

k| Finex = Fonn - 162.1 MPa
| 2A | 2(10)(25- 6)

g, = Kf Fmax+ I:min =22 M =162.1 MPa
2A 2(10)(25- 6)

For the modified Goodman criteria,

1 _o,, 0, 1621 1621
=—24 = +

nn S S, 2086 590

n, =0.95 Ans.

Since infinite life is not predicted, estimatdfa from theS-Ndiagram. First, find an
equivalent completely reversed stress. For the fieoldiGoodman criteria, see Ex. 6-12.

de - 1621  _ .35 \mpa

g =
" 1-(0,/S,) 1-(162.1/590)

Fig. 6-18:  f=0.87
_(fs)? _[0:87(590f

Eq. (6-14); =1263
9. (6-14) se 208.6
fs, 0.87(590) _
Eq. (6-15) b=-—lo = Ligg[ 287090) _ 4 1304
9. (6-15) g( j 3 g( 208.6)

1

1/b —_—
Eq. (6-16): N = Oiew | (2235 " ~ 586000 cycles Ans .
a 1263

(b) F, =28 kN,F,. =12 kN

The maximum load is the same as in part (a), so
0, =147.4 MPa
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n, = 3.32 Ans.

Factor of safety based on infinite life:

o =K, | Fro ™ Funa| 5 | 28000-12000_ 5, 00
2A | 2(10)(25- 6) |

o =K, oot P _ 5 5 280008 12000 _ 5, 5 \ypy
oA 2(10)(25- 6)

1_0,,0,_9263 2316
nn S S 2086 590

n, =1.20 Ans.

(© F,. =12 kN,F,_ =-28 kN

min

The compressive load is the largest, so cheak ¥itlding.

o.. — Frin _ 28000 =-147.4 MPa
A 10(25- 6)

n =i—ﬂ—3.32 Ans

Y o -147.4

Factor of safety based on infinite life:

Fra = Fain| _ /12 000-(= 28 00))
0, =K, | __min/ =9 9 = 231.6 MPa
2A | 2(10)(25- 6) |
_ 12 000+ (- 28 00
o =K, et Fon 5 5 ( Y|- 9263 MPa
2A 2(10)(25- 6)
Forom<0, n 222%20.90 Ans.
o, 2316

a
Since infinite life is not predicted, estimatafa from theS-Ndiagram. For a negative
mean stress, we shall assume the equivalent caghpieversed stress is the same as the

actual alternating stress. Geandb from part (a).
1

1/b _—
Eq. (6-16): N-= Oy | o[ 2316 % = 446 000 cycles Ans .
a 1263

6-28 EQ. (2-21): Sy = 0.5(400) = 200 Kpsi

Eq. (6-8): S, =0.5(200)= 100 kpsi
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Eq. (6-19): k, =aS, =14.4(200)°*™8= 0.321
Eq. (6-25): d,=0.37d= 0.37(0.375F 0.1388in
Eq. (6-20):  k, =0.879d,°" = 0.879(0.1388§'= 1.09

Since we have used the equivalent diameter methget the size factor, and in doing so
introduced greater uncertainties, we will choosetoaise a size factor greater than one.

Letk, = 1.

Eq. (6-18): S, =(0.320)(1)(L00F 32.1 kpsi
F, _40 20_101b £ =220 5
5 = 3M, _320002)_ 0 1o\

*" md®  m(0.375§

g =My _32B0)A2)_ 0 5y 1o

" T 7(0.375§

(a) Modified Goodman criterion

1_o,, 0,_2318 6954

n; S%_, S 321 200
n, =0.94 Ans .

Since infinite life is not predicted, estimatdfa from theS-Ndiagram. First, find an
equivalent completely reversed stress (See Ex)6-12

Ta 2318 _ 35 54 kpsi

g . =
“"1-(0,/S,) 1-(69.54/200)
Fig. 6-18:  f=0.775
ao(FS)° [0.775(200)°

Eq. (6-14): =748.4
- ) S 32.1
Eqg. (6-15): b=—£|og TS =—}|OQ(L5(ZOOﬁ=—O.228
3 S 3 32.1

1/b
Eq. (6-16): N=|Ze | (3554 0228—637 000 cycles  Ans .
a 7484

(b) Gerber criterion, Table 6-7
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2\g,) s 50,

m e

N :1(%25 e 1+[_20m8e]2

:g(ﬂjzﬂ _1+\/1+( 2(69.54)(32.36

2169.54) 32. 200(23.18)

=1.16 Infinite life is predicted Ans .

6-29 E=207.0 GPa
@ | =1—12(20)(43)= 106.7 mrf

y= F_I?’ = F= 3E3Iy
3El |
F o= 3(207)(16 )(106.7)(19* )(2)(Z8 ) 483N Ans.
140 (10°)
Fo- 3(207)(16 )(106.7)(10* )(6)(18 1449 N Ans.
140° (10°)

(b) Get the fatigue strength information.

Eq. (2-21); Si= =3.4Hp = 3.4(490) = 1666 MPa

From problem statemeng, = 0.9S,: = 0.9(1666) = 1499 MPa
Eq. (6-8): S, =700 MPa

Eq. (6-19): k.= 1.58(1666)%°= 084

Eq. (6-25):  de= 0.808[20(4)}> = 7.23 mm

Eq. (6-20): kp = 1.24(7.23§'°" = 100

Eq. (6-18): S = 0.84(1)(700) = 588 MPa

This is a relatively thick curved beam, so 2 0mm F
use the method in Sect. 3-18 to find the B

stresses. The maximum bending moment
will be to the centroid of the section as g
u“ff

shown.

M= 14F N'-mm,A=4(20) =80 m h =
4 mm,ri=4mm,ro=ri+h=8 mm,
re=ri+h/2=6 mm

" In(r,/r) In(8/4)

Table 3-4: r =5.7708 mm
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e=r-r, =6-57708 0.2292 mm
C=r—-r=57708- 4 1.7708 mm
C,=r,—r,=8-5.7708= 2.2292 mm

Get the stresses at the inner and outer surfemesHEq. (3-65) with the axial stresses
added. The signs have been set to account fanteasd compression as appropriate.

Mg F _ (142F)(1.7708) F

g =~ F. = -3.44F MPa
Ae r A~ 80(0.2292)(4) 80
- Me, _(Q42F)(2.2292) F _, 100 vpa
Ae A 80(0.2292)(8) 80

(0)),., =—3.441(144.9F — 498.6 MPa
(0)), = —3.441(48.3F — 166.2 MPa
(0,),., =2.145(48.3F 103.6 MPa
(0,) = 2.145(144.9F 310.8 MPa

% ~166. 2_2 498. ﬂ 166.2 MPa
() = _166'2+2( 4988 _ 3324 MPa
(0,)a =‘MT=103.6 MPa
(T)m MG' 207.2 MPa

To check for yielding, we note that the largestst is —498.6 MPa (compression) on the
inner radius. This is considerably less than gtarated yield strength of 1499 MPa, so
yielding is not predicted.

Check for fatigue on both inner and outer radiceione has a compressive mean stress
and the other has a tensile mean stress.
Inner radius:

Sinceon < 0, n, —i=—:3.54

Outer radius:
Sinceady, > 0, using the Modified Goodman line,
o, o, 103.6 207.2

1/n, =22 +5m =200, S0
S S, 58 1666

e

n, =3.33
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Infinite life is predicted at both inner and outadii. The outer radius is critical, with a
fatigue factor of safety aff = 3.33. Ans.

6-30 From Table A-20, for AISI 1018 CD§, =64 kpsi, S, = 54 kpsi

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eq. (6-19): k, =2.70(64)°%°= 0.897

Eqg. (6-20): k,=1 (axial)

Eq. (6-26): k =0.85

Eq. (6-18): S =(0.897)(1)(0.85)(32F 24.4 kpsi

Fillet:
Fig. A-15-5:D/d=3.5/3=1.17, r 4= 0.25/3 0.083K, = 1.85

Use Fig. 6-20 or Egs. (6-34) and (6-35a)doEstimate a little high since it is off the
graph.qg = 0.85
K, =1+q(K, -1)=1+ 0.85(1.85 1} 1.72

Fmax 5
Jmax = =
w,h ~ 3.0(0.5)
-16

Umin =
3.0(0.5)

=3.33 kpsi

=-10.67 kpsi

o, =K, Iamax;JmiHI =1.7%3'33_ (;10'67|D= 12.0 kpsi

0 =K, [ ot Tmn| _q 75 333+ C1067) _ ¢ 5\
f 2 2

m

sy|
o..

54 |

=5.06 [ Does not yield.
10.67

ny=

Since the midrange stress is negative,

S 244

n =—=——=2.03
o, 12.0

a

Hole:
Fig. A-15-1:d/w, =0.4/3.5= 0.11 OK, = 2.68

Use Fig. 6-20 or Egs. (6-34) and (6-35a)doEstimate a little high since it is off the
graph,g = 0.85
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K, =1+0.85(2.68 1F 2.43

Oox = Foax > =3.226 kpsi
h(w,-d) 0.5(3.5- 0.4)
g = Fmn 16 _ 032 kpsi

" " h(w,-d) 0.5(35 0.4)

g, B Jmin

max

g, =K,

0, =K, [ Inat Tnn | = 5 4 32268 £10.32) _ g 55 g
f 2 2

= 2.4%3'226_ 26 10'32I): 16.5 kpsi

54 | _
10.32

5.23 [ does not yield

|58
ny ‘a-min |_

Since the midrange stress is negative,

n =% =244_1 49
"o 165

a

Thus the design is controlled by the threat afjta at the hole with a minimum factor of
safety ofn, =1.48. Ans.

6-31 S, =64 kpsi,§ = 54 kpsi
Eq. (6-8): S, =0.5(64)= 32 kpsi
Eqg. (6-19):  k, =2.70(64)°*°= 0.897
Eqg. (6-20): k,=1 (axial)
Eqg. (6-26): k. =0.85
Eqg. (6-18): S =(0.897)(1)(0.85)(32F 24.4 kpsi

Fillet:
Fig. A-15-5:D/d=25/15=1.67, r d= 0.25/15 0.17K, = 2.1

Use Fig. 6-20 or Egs. (6-34) and (6-35a)doEstimate a little high since it is off the
graph.q=10.85

K, =1+q(K, -1)=1+ 0.85(2.+ 1F 1.94

- =—max—_ =2 =21 3kpsi
w,h  1.5(0.5)
O = - _533kpsi
1.5(0.5)
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g, B Umin

max

:1.94{L2(_5'33r: 25.8 kpsi

o = O max + T i =1.9 w) =15.5 kpsi
f 2 2

Using Modified Goodman criteria,
1 _o, o0, 258 155
_—= =t — =4
n, S S 244 64

n, =0.77
Hole:
Fig. A-15-1:d/w, =0.4/2.5= 0.16 OK, = 2.55
Use Fig. 6-20 or Egs. (6-34) and (6-35a)doEstimate a little high since it is off the
graph.qg=0.85

K, =1+0.85(2.55- 1F 2.32

Opox = Foax = 16 =15.2 kpsi
h(w,-d) 0.5(2.5- 0.4)
g = fmn 4 _381kpsi

™ ~h(w,-d)  0.5(2.5 0.4)

S L R

o =K. [ PmaxtTmin | _ 5 oo 152+ C3.81) _ 15, kpsi
f 2 2

g, _ Jmin

max

Using Modified Goodman criteria
1 _o, o, 221 132
- =44+ = 4+
n S S 244 64
n, =0.90
Thus the design is controlled by the threat afjta at the fillet with a minimum factor
of safety ofn, =0.77  Ans.
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6-32 S, =64 kpsi,§ = 54 kpsi
From Prob. 6-30, the fatigue factor of safetyhathole iy = 1.48. To match this at the
fillet,

o =2 -244

o =16.5 kps
n, 1.48

n=— =

whereS is unchanged from Prob. 6-30. The only aspect,¢hat is affected by the fillet
radius is the fatigue stress concentration fac@iotainingo;, in terms ofKg,

3.33- 10.67D

Umax - Umin| -

0L =K, [P = K =7.00K,

a

Equating to the desired stress, and solvind<for
0,=70K, =165 = K,= 2.36

Assume since we are expecting to get a smallet fadius than the original, thatwill
be back on the graph of Fig. 6-20, so we will eataq = 0.8.

K, =1+0.80K, - 1)= 2.36 = K, = 2.7

From Fig. A-15-5, wittD / d=3.5/3 = 1.17 an#{; = 2.6, findr / d. Choosing /d =
0.03, and witld = w, = 3.0,

r=0.030, = 0.0§ 3.9= 0.09in
At this small radius, our estimate fgrs too high. From Fig. 6-20, with= 0.09,q
should be about 0.75. Iterating, we Bet 2.8. This is at a difficult range on Fig. A-15-
5 to read the graph with any confidence, but westimate / d = 0.02, giving = 0.06
in. This is a very rough estimate, but it cleatmonstrates that the fillet radius can be
relatively sharp to match the fatigue factor okesabf the hole. Ans.

6-33 S, =60 kpsi, §, = 110 kpsi

Inner fiber wherer, =3/4 in

r _3,. 8 . 0.84375

+
° T4 16(2)

_3.3

r — =0.65625
32

Table 3-4, p. 135,

_h _ 3/16 _ .
r= A S 6a575=0-74608 in
r 0.65625
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= -1, =0.75- 0.74608& 0.00392 in
=1 -r =0.74608- 0.65625 0.08983

A= (i)( j 0.035156 iA
16

Eq. (3-65), p. 133,

Mc _ ~T(0.08983)

Aer  (0.035156)(0.00392)(0.65625)

whereT is in Ibfin and g; is in psi.

o :%(—993.3)r =-496.T

o, =496.7
Eg. (6-8): S =0.5(110 = 55 kpsi
Eq. (6-19): k, =2.70(110)**°= 0.777
Eq. (6-25):  d,=0.804 ( 3/16( 3/1@ = 0.1515in
Eq. (6-20): k, =0.879 0.1515""""= 1.08 (round to 1)
Eq. (6-19): S =(0.777)(1)(55) 42.7 kpsi

For a compressive midrange component=S,/ n,. Thus,

o 406 = 427

T =28.7 Ibf0n

Outer fiber where, =2.5 in

[ =25+ = 250375
32

[ =2.5-> = 2.40625
32
. 3/16 _
r " 25037 2.49883
2.40625

e=2.5- 2.49883 0.00117 in
c, =2.59375- 2.49888 0.09492 in
_Mc, _ T(0.09492)

2 =889.7 psi
Aer, (0 035156)(0.00117)(2. 59375)

0 —

1o} :aa:§(889.7l' )= 444.9 psi

m
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(a) Using Eg. (6-46), for modified Goodman, we have
o, o 1
—a 4 m=

S & n
0.444d 04449 _ 1

42.7 110 3

T =23.0 IbfCin  Ans.
(b) Gerber, Eqg. (6-47), at the outer fiber,
2
o, ( namj _
S S
3(0.4449 ) ( 3(0.444D _ 1
42.7 110

T =28.2 Ibffin Ans.
(c) To guard against yield, u3eof part (b) and the inner stress.

o 0.9933(28.2)

6-34

From Prob. 6-33S, =42.7 kpsi,S, = 60 kpsi, andj, = 110 kpsi
(a) Assuming the beam is straight,

_Mc_M(h/2) _eM _ 6T

Opax =~ = = = =910.r
™1 ph®/12 bk (3/16)
. 04551 04551 1
Goodman: + =
42.7 110 3
T =225 Ibfln Ans.
2
(b) Gerber: 3(0.4551 )+( 3(0.455&} -1
42.7 110
T=27.6 IbfCin Ans.
S
() n,=—2 60 =2.39 Ans.

Y g 0.9102(27.6)

max
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1.1K = 2.05, = 300 MP&, = 400 MP&= 200 MPa

f tors™

6-35 K pena=1.4K( o=
0,=0, o,=60 MPa

Bending:
Axial: 0,=20 MPa,g,= 0
Torsion: r,=25MPa,r,= 25 MPa

Egs. (6-55) and (6-56):

o, = [L-4(60) " + 3 2.0(28f = 120.6 MPa
o, =[0+1.1(20]" + § 2.0(28 = 89.35 MPa

Using Modified Goodman, Eq. (6-46),

1_0,, 0,_1206_89.35
nn S S 200 400

n, =121 Ans.

Check for yielding, using the conservatiye, = o, +0,,,

S
n=——2>--= 300 _143 Ans
o +0.  120.6+ 89.35
6-36 K, pe=1.4K, o= 2.0S,= 300 MPaS, = 400 MP&= 200 MPa
95 MPa

Bending: o, =150 MPag,,,= - 40 MPag,, = 55 MPa, =

Torsion:7,, =90 MPa,r, = 9 MPa
Egs. (6-55) and (6-56):

o, =[L4(@5)" + § 2.09) = 136.6 MPa

0, =[1.465)" + § 2.090f = 321.1 MPa

Using Modified Goodman,
1 _£+a_;n _136.6 3211
nn § § 200 400
n, =0.67 Ans.

Check for yielding, using the conservatigg,, = o, +0,,,

n, = ,Sy —= 300 =0.66 Ans.
o,+o, 136.6+ 321.1
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Since the conservative yield check indicates ygjgwe will check more carefully with
o, obtained directly from the maximum stresses, uslieglistortion energy failure

theory, without stress concentrations. Note thigtis exactly the method used for static
failure in Ch. 5.

T = (Trm) +3(7 )’ =4/(150°+ J 90+ 9° = 227.8 MPa

Since yielding is not predicted, and infinite lienot predicted, we would like to
estimate a life from th8-Ndiagram. First, find an equivalent completely reeerstress
(See Ex. 6-12).

9y - 1366 _4955MPa

O 10 1S,)  1- (321.1/400)
This stress is much higher than the ultimate strengtiglering it impractical for th8-N
diagram. We must conclude that the stresses from thikication loading, when
increased by the stress concentration factors, prodaebeasnigh midrange stress that the
equivalent completely reversed stress method is natigahbto use. Without testing, we
are unable to predict a life.

6-37 Table A-20:S, =64 kpsi, § = 54 kpsi

From Prob. 3-68, the critical stress element expeggepie 15.3 kpsi and = 4.43 kpsi.
The bending is completely reversed due to the rataéiod the torsion is steady, giving
0a = 15.3 kpsi,on = 0 kpsi, 7, = 0 kpsi,im = 4.43 kpsi.Obtain von Mises stresses for the
alternating, mid-range, and maximum stresses.

1/2

0, =(o? +3r§)1/2 :[15.32+ q QZ} = 15.3 kpsi

o, =(c%+3r2) " = [02 + 3 4.432}”2 = 7.67 kpsi

Ty = (02 30%,) = [15.3’- + q 4.4$2T'2 = 17.11 kpsi
Check for yielding, using the distortion energydea theory.

n -
Yoo 17.11

max

Obtain the modifying factors and endurance limit.

Eq. (6-8): S =0.5(64) = 32 kpsi
Eq. (6-19):  k, =2.70(64)°**= 0.90
Eq. (6-20): k, =0.879(1.25\'" = 0.86
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Eq. (6-18): S =0.90(0.86)(32F 24.8 kpsi
Using Modified Goodman,

1 _o, o, _153 7.67
=—24 = +—=

nn S S 248 64

n, =1.36 Ans.

6-38 Table A-20:S, =440 MPa, § = 370 MPa
From Prob. 3-69, the critical stress element égepeeso = 263 MPa and = 57.7 MPa.
The bending is completely reversed due to theiostand the torsion is steady, giving
Oa = 263 MPagn = 0, 1, = 0 MPa, 7, = 57.7 MPa.Obtain von Mises stresses for the
alternating, mid-range, and maximum stresses.
1/2
o, =(c?+3r2)" =[263+49°| = 263 MPa
1/2
o, =(c%+3r2)" = [02+3(57.9°] "= 99.9 MPa
1/2

T = (T2t 312,) =[263+ 4 577'| = 281MPa

Check for yielding, using the distortion energyuiee theory.
S
ny = ’_y = ﬂ) =1.32
O,.. 281

Obtain the modifying factors and endurance limit.
Eq. (6-8): S =0.5(440 = 220 MPa
Eqg. (6-19):  k, =4.51(440)>**°= 0.90
Eqg. (6-20):  k, =1.24(30)*'"= 0.86
Eqg. (6-18): S, =0.90(0.86)(220F 170 MPa
Using Modified Goodman,

1 _ o, o, _263, 99.9

S mTagp M=y "

n, S § 170 440

n, =0.56 Infinite life is not predicted.  Ans.

6-39 Table A-20:S, =64 kpsi, § = 54 kpsi

From Prob. 3-70, the critical stress element agpeeso = 21.5 kpsi and = 5.09 kpsi.
The bending is completely reversed due to theiostaand the torsion is steady, giving
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s = 21.5 kpsi,on = 0 kpsi, 7, = 0 kpsi, 7, = 5.09 kpsi.Obtain von Mises stresses for the
alternating, mid-range, and maximum stresses.

o= (a§ +3r§)1/2 =[21.52 +q QZTIZ = 21.5 kpsi
1/2

0, =(oz+3r2)" =[ 02+ 3(5.09° | = 8.82 kps

m

T = (050t 37%) =205+ 5.092}1/2: 23.24 kpsi

max max ma

Check for yielding, using the distortion energyuiee theory.

Obtain the modifying factors and endurance limit.
k, =2.70(64)°***= 0.90

k, =0.879(1)°** = 0.88
S, =0.90(0.88)(0.5)(64F 25.3 kpsi
Using Modified Goodman,

1 _o, o, 215 882
=24 M= +

nn S S, 253 64

n, =1.01 Ans.

6-40 Table A-20:S, =440 MPa, S = 370 MPa

From Prob. 3-71, the critical stress element @gpeeso= 72.9 MPa and = 20.3 MPa.

The bending is completely reversed due to theiostaand the torsion is steady, giving
g, = 72.9 MPag,, = 0 MPa, 7, = 0 MPa, 1, = 20.3 MPa.Obtain von Mises stresses for
the alternating, mid-range, and maximum stresses.

o, =(0?+3r2)" =[72.9+4 QZT/Z = 72.9 MPa

1/2

7, =(0%+3r2) " =[ 0*+ 320§’ " = 35.2 MPa

m

!
Umax max

= (02 +3r%,) =728+ zo.ﬂ”2 = 80.9 MPa

Check for yielding, using the distortion energyuiee theory.
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Obtain the modifying factors and endurance limit.

Eq. (6-8): S =0.5(440= 220 MPa

Eq. (6-19):  k, =4.51(440)***= 0.90

Eq. (6-20):  k, =1.24(20)***"= 0.90

Eq. (6-18): S, =0.90(0.90)(220¥ 178.2 MPa

Using Modified Goodman,
1 _o, o,_729 352
=24 M= +

n S S 1782 440

6-41 Table A-20:S, =64 kpsi, § = 54 kpsi

From Prob. 3-72, the critical stress element eégpeeso = 35.2 kpsi and = 7.35 kpsi.
The bending is completely reversed due to theiostadnd the torsion is steady, giving
s = 35.2 kpsi,on = 0 kpsi, 7, = 0 kpsi, 7, = 7.35 kpsi.Obtain von Mises stresses for the
alternating, mid-range, and maximum stresses.

o, =(o?+3r2)" =[35.2+ 4 (ﬂm = 35.2 kpsi
1/2

o, =(o%+3r2)" =[02+ 3 7.35)2} = 12.7 kpsi

o= (02 +3r? ax)llz =[35.22+ g 7.3511/2 = 37.4 kpsi

max max m

Check for yielding, using the distortion energyuiee theory.

Obtain the modifying factors and endurance limit.

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eqg. (6-19):  k, =2.70(64)°**= 0.90

Eqg. (6-20): k, =0.879(1.25)'" = 0.86
Eqg. (6-18): S, =0.90(0.86)(32F 24.8 kpsi
Using Modified Goodman,
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1_0,, 0,_352 127
nn S S 248 64

n, =0.62 Infinite life is not predicted.  Ans.

6-42 Table A-20:S, =440 MPa, § = 370 MPa

From Prob. 3-73, the critical stress element @gpeeso = 333.9 MPa and = 126.3
MPa. The bending is completely reversed due todtaion, and the torsion is steady,

giving g, = 333.9 MPag, = 0 MPa,7, = 0 MPa, i, = 126.3 MPa.Obtain von Mises
stresses for the alternating, mid-range, and maxirstuesses.

1/2

o, =(o?+3r2)" =[333.9+ 4 ¢°| = 333.9 MPa
o, =(c%+3r2)" = [0+ 3(126.3.1”2 = 218.8 MPa
T = (O 30200 :[333.9?+ g 126.)?}1/2 = 399.2 MPa

Check for yielding, using the distortion energyuiee theory.

The sample fails by yielding, infinite life is nptedicted. Ans.

The fatigue analysis will be continued only toabtthe requested fatigue factor of
safety, though the yielding failure will dictateethfe.

Obtain the modifying factors and endurance limit.

Eqg. (6-8): S, =0.5(440)= 220 MPa

Eqg. (6-19):  k, =4.51(440)°**= 0.90

Eq. (6-20):  k, =1.24(50)°"" = 0.82

Eq. (6-18): S, =0.90(0.82)(220% 162.4 MPa

Using Modified Goodman,

1 _o, o,_3339 2188
=<4+ 1= 4+

nn S S, 1624 440

n, =0.39 Infinite life is not predicted. ~ Ans.
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6-43 Table A-20:S, =64 kpsi, § = 54 kpsi

From Prob. 3-74, the critical stress element @gpees completely reversed bending
stress due to the rotation, and steady torsiordabaral stresses.

=9.495 Kpsi, 0, pens= O kpsi
=0 kpsi, 0, =" 0.362 kpsi

r,=0kpsi, r,= 11.07 kpsi

a bend

a axial

Obtain von Mises stresses for the alternating;mrandje, and maximum stresses.

g, = (02 +ar2) " =[(9.499+ g QZTIZ = 9.495 kpsi
7, =(c%+3r2) " =[(-0363" + {1107 | = 19.18 kpsi
o= (020 +30%,) " =[ (-9.495- 0.36F + 6 11.@%}”2 = 21.56 kpsi

Check for yielding, using the distortion energijuige theory.

Obtain the modifying factors and endurance limit.

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eq. (6-19):  k, =2.70(64)***°= 0.90

Eq. (6-20): k, =0.879(1.13)* = 0.87
Eq. (6-18): S =0.90(0.87)(32F 25.1 kpsi

Using Modified Goodman,
1 (T (T_ 9495 19.18

n s s 251 64

n, =1.47 Ans.

6-44 Table A-20:S, =64 kpsi, § = 54 kpsi

From Prob. 3-76, the critical stress element agpees completely reversed bending
stress due to the rotation, and steady torsiorthbaral stresses.
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O, peng = 33.99 kpsi, o, .= OKkpsi
=0 kpsi, 0, =" 0.153 kpsi

r,=0Kkpsi, r,= 7.847 kpsi

Ja,axial

Obtain von Mises stresses for the alternating;maidye, and maximum stresses.
1/2

o, =(o?+3r2)" =[(33.99"+ 9| = 33.99 kpsi

1/2

0, =(0%+3r2)" =[(-0.159"+ { 7.84F | = 1350 kpsi

1/2

=(02.+3r%,) =[(-33.99- 0.15§ + § 7.847] = 36.75 kps

!
o max

max

Check for yielding, using the distortion energyuiee theory.

Obtain the modifying factors and endurance limit.

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eq. (6-19):  k, =2.70(64)°** = 0.90

Eq. (6-20):  k, =0.879(0.88)' = 0.89
Eq. (6-18): S, =0.90(0.89)(32fF 25.6 kpsi

Using Modified Goodman,
1 _o, o, _3399 1359
= M ="y

nn S S, 256 64

n, =0.65 Infinite life is not predicted.  Ans.

6-45 Table A-20:S, =440 MPa, § = 370 MPa

From Prob. 3-77, the critical stress element agpeeso = 68.6 MPa and = 37.7 MPa.
The bending is completely reversed due to theiootaand the torsion is steady, giving
0, = 68.6 MPagy, = 0 MPa,r, = 0 MPa,r, = 37.7 MPa.Obtain von Mises stresses for

the alternating, mid-range, and maximum stresses.
1/2

o, =(c?+3r2)" =[68.6+ 9| = 68.6MPa
o, =(o%+3r2)" =[02+ 3 37.ﬂ”2 = 65.3 MPa

1/2

T = (T2t 300 =[68.6+ 37| = 94.7 MPa

ma;
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Check for yielding, using the distortion energyuiee theory.

Obtain the modifying factors and endurance limit.

Eq. (6-8): S, =0.5(440)= 220 MPa

Eq. (6-19):  k, =4.51(440)°*° = 0.90

Eq. (6-20):  k, =1.24(30)*'" = 0.86

Eq. (6-18): S, =0.90(0.86)(220F 170 MPa

Using Modified Goodman,
1_o. a_ 686 65.3

n s S 170 440

n, =1.81 Ans.

6-46

Shigley's MED, 18 edition

Table A-20:§, =64 kpsi, § = 54 kpsi

From Prob. 3-79, the critical stress element eégpeeso = 3.46 kpsi and = 0.882 kpsi.
The bending is completely reversed due to theiostand the torsion is steady, giving
= 3.46 kpsi,on = 0, i, = 0 kpsi, 7, = 0.882 kpsi.Obtain von Mises stresses for the

alternatlng mid-range, and maximum stresses.

2 1/2 .
:[3.462+ 9 J = 3.46 kpsi
g, =(0%+3r2)" =[ 02+ 3 0.882)2]1/2 = 1.53 kpsi

T = (020 37%,) =[ 346+ 0.88)211/2: 3.78 kpsi

Check for yielding, using the distortion energyuiee theory.

Obtain the modifying factors and endurance limit.

Eq. (6-8): S, =0.5(64)= 32 kpsi
Eq. (6-19):  k, =2.70(64)**°= 0.90
Eq. (6-20):  k, =0.879(1.375f"= 0.85
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Eq. (6-18): S =0.90(0.85)(32F 24.5 kpsi

Using Modified Goodman,

1_0,,0,_346 153
nn S S 245 64

n, =6.06 Ans.

6-47 Table A-20:S, =64 kpsi, § = 54 kpsi

From Prob. 3-80, the critical stress element agpeeso = 16.3 kpsi and = 5.09 kpsi.
Since the load is applied and released repeatibygiveSomax = 16.3 kpsi,gmin = 0
kpsi, Tmax=5.09 kpsi,imin = 0 kpsi. Consequentlyy, = gz = 8.15 kpsi,im = 1, = 2.55
kpsi.

For bending, from Egs. (6-34) and (6-35a),

Ja=0.246- 3.04 10)( ep+ 1.4110( 4 267 i )B4 0.10373
1 1

9= — =" 010373 >7
oY 1422080
NANCY

Eq. (6-32): K, =1+q(K, -1)=1+ 0.75(1.5 1F 1.38
For torsion, from Egs. (6-34) and (6-35b),
Ja=0.190- 25{ 16)( e 145 19( $4+ 2674 )&4 0.07800
1 1

4= — 7=~ 007800 >
o3 140078
Jr V0.1

Eq. (6-32): K, =1+q,(K,~1)=1+ 0.80(2.+ 1y 1.88

Obtain von Mises stresses for the alternatingraitdrange stresses from Eqs. (6-55) and
(6-56).

a, :{[(1.38)( 8.157] + §( L8 2.3@2}1/2 = 13.98 kpsi
o, =0, =13.98 kpsi

Check for yielding, using the conservatigg, =0, +0,,,

= J;rya;n - 13.985+413.98=1'93
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Obtain the modifying factors and endurance limit.

Eq. (6-8): S =0.5(64)= 32 kpsi

Eq. (6-19): k = aS, =2.70(64)°**° = 0.90

Eq. (6-24): d,=0.370d= 0.37¢ )= 0.370in

Eq. (6-20):  k, =0.879,°"" = 0.879(0.3709'’= 0.98
Eq. (6-18): S, =(0.90)(0.98)(32F 28.2 kpsi

Using Modified Goodman,
1_o, a _13. 98 13.98

n S S, 282 64

n, =1.40 Ans.

6-48 Table A-20:S, =64 kpsi, S = 54 kpsi

From Prob. 3-81, the critical stress element eégpeeso = 16.4 kpsi and = 4.46 kpsi.
Since the load is applied and released repeatiubygiveSomax = 16.4 Kpsi,Omin = 0
Kpsi, Tmax = 4.46 kpsi,imin = 0 kpsi. Consequentlyy, = g, = 8.20 kpsi,im = 1 = 2.23
kpsi.

For bending, from Egs. (6-34) and (6-35a),
Ja=0.246- 3.04 10)( ep+ 1.4110( 4 267 I )B4 0.10373
1+£ 1+ 0.10373

Jro o1

Eq. (6-32): K, =1+q(K,-1)=1+ 0.75(1.5 1} 1.38

=0.75

For torsion, from Egs. (6-34) and (6-35b),
Ja=0.190- 25{ 16)( e 145 19( $4+ 2674 )é4 0.07800

_ 1 1 _
q_1+*/5_1 0.07800 %
& 0 o1

Eq. (6-32): K, =1+q.(K,~1)=1+0.80(2.+ 1F 1.88

Obtain von Mises stresses for the alternatingraitdrange stresses from Eqs. (6-55) and
(6-56).
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={[(1.38)(8.2c)]2+ $( 1.8 2.2)§Z}M= 13.45 kpsi

o, =0,=13.45 kpsi

Check for yielding, using the conservatigg,, = o, +0,,,

S
L= >4 =2.01
o,+0, 13.45+13.45

ny:

Obtain the modifying factors and endurance limit.

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eq. (6-19): k, =aS, =2.70(64)**° = 0.90

Eq. (6-24): d,=0.370d= 0.370(1F 0.370in

Eq. (6-20): kb 0.879,°'% = 0.879(0.370§'’= 0.98
Eq. (6-18): S, =(0.90)(0.98)(32F 28.2 kpsi

Using Modified Goodman,

1 U U_ 1345 1345

n S S, 282 64

n, =1.46 Ans.

6-49 Table A-20:S, =64 kpsi, S = 54 kpsi
From Prob. 3-82, the critical stress element agpees repeatedly applied bending,
axial, and torsional stresses@yena= 20.2 kpsi, Ox axiai = 0.1 kpsi, and = 5.09 kpsi..
Since the axial stress is practically negligiblenpared to the bending stress, we will
simply combine the two and not treat the axialsstrgeparately for stress concentration
factor and load factor. This givegax = 20.3 KpsSi,Gmin = 0 KpSi, Tmax = 5.09 KpSi,Tmin =
0 kpsi. Consequently, = g = 10.15 kpsijfm = 72 = 2.55 kpsi.

For bending, from Egs. (6-34) and (6-35a),

Ja=0.246- 3.04 10)( ep+ 1.4110( $a- 26774 )B4 0.10373

_ 1 _ 1 _
q‘1+\/5‘1 0.10373 > 7°
Jr o o1

Eq. (6-32): K, =1+q(K, -1)=1+ 0.75(1.5 1F 1.38

For torsion, from Egs. (6-34) and (6-35b),
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Ja=0.190- 25{ 15)( e 1.45 10( ¥$4+ 267 i )84 0.07800

_ 1 1 _
4=— /3 =~ oo7so0 >
peva 140070
i Jo1

Eq. (6-32): K, =1+q,(K,-1)=1+ 0.80(2.+ 1} 1.88

Obtain von Mises stresses for the alternatingraitdrange stresses from Eqs. (6-55) and
(6-56).

a;:{[(l.ss)(10.15]2+ B( 1.8 2.3@2}”2: 16.28 kpsi

o, =0, =16.28 kpsi

Check for yielding, using the conservatigg,, = o, +0,,,
S 54
n

y = ———= =1.66
o,+o, 16.28+16.28

Obtain the modifying factors and endurance limit.

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eq. (6-19): k, =aS, =2.70(64)**° = 0.90

Eq. (6-24): d,=0.370d= 0.370(1F 0.370in

Eq. (6-20): k, =0.879,%% = 0.879(0.370§’= 0.98
Eq. (6-18): S, =(0.90)(0.98)(32F 28.2 kpsi

Using Modified Goodman,

1 _o, o0, _16.28 16.28
=2 4m= + =

nn S S, 282 64

n, =1.20 Ans.

6-50

Table A-20:§, =64 kpsi, S = 54 Kpsi
From Prob. 3-83, the critical stress element emtbutral axis in the middle of the
longest side of the rectangular cross section épezs a repeatedly applied shear stress
Of Tmax= 14.3 KpsSi,Tmin = 0 kpsi. Thusz, = 7, = 7.15 kpsi. Since the stress is entirely
shear, it is convenient to check for yielding uding standard Maximum Shear Stress
theory.

_§/2_54/2_
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Find the modifiers and endurance limit.

Eq. (6-8): S, =0.5(64)= 32 kpsi
Eqg. (6-19): k, =aS, =2.70(64)°**= 0.90

The size factor for a rectangular cross sectiadéal in torsion is not readily available.
Following the procedure on p. 297, we need an edgmi diameter based on the 95
percent stress area. However, the stress situatihis case is nonlinear, as described on
p. 116. Noting that the maximum stress occurbattiddle of the longest side, or with a
radius from the center of the cross section equbhtf of the shortest side, we will

simply choose an equivalent diameter equal toghgth of the shortest side.

d,=0.25in
Eq. (6-20):  k, =0.879, %' = 0.879(0.25§'= 1.02

We will round down tdk, = 1.

Eqg. (6-26): k. =0.59

Eqg. (6-18): S,.=0.9(1)(0.59)(32F 17.0 kpsi

Since the stress is entirely shear, we choosed@uoad factdk, = 0.59, and convert the
ultimate strength to a shear value rather thargusie combination loading method of
Sec. 6-14. From Eq. (6-54,,= 0.67, = 0.67 (64) = 42.9 kpsi.

Using Modified Goodman,

n, = 1 = ! =1.70 Ans.
(r,/S)+(r,/S,) (7.15/17.0% (7.15/42.9)

6-51 Table A-20:S, =64 kpsi, § = 54 kpsi
From Prob. 3-84, the critical stress element agpeeso = 28.0 kpsi and = 15.3 kpsi.
Since the load is applied and released repeatibygiveSomax = 28.0 kpsi,gmin = 0
Kpsi, Tmax= 15.3 kpsi,imin = 0 kpsi. Consequentlyy, = gz = 14.0 kpsi,im = 7, = 7.65
kpsi. From Table A-15-8 and A-15-9,
D/d=15/1=15, r 8= 0.125/24 0.125
Kipena=1.60, K, o= 1.39

t tors ™

Egs. (6-34) and (6-35), or Figs. 6-20 and 6-24peng= 0.78, Qiors = 0.82
Eq. (6-32):
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K pena =1+ Qpend Ki peng=1) = 1+ 0.7§ 1.66- Ji= 1.47
K o =1+ e Ki 1ore=1) =1+ 0.84 1.39- JI= 1.32

Obtain von Mises stresses for the alternatingraitdrange stresses from Eqs. (6-55) and
(6-56).

:{[(1.47)(14.()]2+ 3( 1.3 7.@@2}”2: 27.0 kpsi

o, =0, =27.0 kpsi

Check for yielding, using the conservatigg, =0, +0,,,
S
n=——-~—= o4 =1.00
o.+d, 27.0+27.0

Since stress concentrations are included in thiskgyield check, the low factor of safety
is acceptable.

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eq. (6-19): k, =aS, =2.70(64)*** = 0.897

Eq. (6-24): d,=0.370d= 0.37¢ = 0.370in

Eq. (6-20): kb 0.879d.°'" = 0.879(0.370f*'= 0.978
Eq. (6-18): S =(0.897)(0.978)(0.5)(643 28.1 kpsi

Using Modified Goodman,

i U U 27.0+ 27.0
n, Se gt 28.1 64

n, =0.72 Ans.

Since infinite life is not predicted, estimatdfa from theS-Ndiagram. First, find an
equivalent completely reversed stress (See Ex)6-12

g =% = 210 _ 467 ypsi
1- (0., 1S,) 1-(27.0/64)

Fig. 6-18: f=0.9
ao (FS)° [0.9(64)

Eq. (6-14): =118.07
a- ( ) S 28.1
. Sm (09(64))
Eqg. (6-15): b= Io Io -0.1039
g. ( ) g( S, 3 g 581
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1

o \" _( 46.7 Yo
Eq. (6-16): N=|—=| = —— =7534 cyclesl 7500 cycles Ans
a 118.07

6-52

Table A-20:§, =64 kpsi, § = 54 kpsi
From Prob. 3-85, the critical stress element @gpeesdy pend= 46.1 KpSi gy axial = 0.382
kpsi andr = 15.3 kpsi. The axial load is practically nedbigi, but we’ll include it to
demonstrate the process. Since the load is apghiddeleased repeatedly, this gives
Omax,bend= 46.1 kpSi,Umin,bend: 0 I(pSi,o_max,axiaI: 0.382 kpSi,O_min,axiaI: 0 kpSi,Tmax: 15.3
kpSI, Tmin = O kpSI. Consequentlﬂ‘nybend: a-aybend: 23.05 kpsip-maxia| = o-a’a)(ia| = 0.191
kpsi, tm = 1, = 7.65 kpsi. From Table A-15-7, A-15-8 and A-15-9

D/d=15/1=15, r #i= 0.125/24 0.125

Kipena=1.60, K = 1.39, K 1.75

t tors— t axial”

Egs. (6-34) and (6-35), or Figs. 6-20 and 6-21jend= Caxial =0.78, Grors = 0.82
Eq. (6-32):
K pend =1+ Qpend Ki peng=1) = 1+ 0.7 1.66- Ji= 1.47

K miar = 1+ Oniar( Ky mia=1) =1+ 0.7§ 1.75 JI= 1.59
Kf,tors :1+ qtors( Kt ,tors_l) = 1+ 081 139— )]-: 132

Obtain von Mises stresses for the alternatingramtdrange stresses from Egs. (6-55) and
(6-56).

0;:{(1.47)(23.05+( 1.5 (%.1;])}: A 1.32 7.93?} = 38.45 kpsi
a;q={[(1.47)(23.o$+(1.5}a( 0197 + [¢ 130 7.)@%}112: 38.40 kpsi

Check for yielding, using the conservatigg,, = o, +0,,,
S o4 _
n = = =

Yo, +0o, 38.45+ 38.40

0.70

Since the conservative yield check indicates yigjdwe will check more carefully with
with g’ obtained directly from the maximum stresses, uteglistortion energy

failure theory, without stress concentrations. éNibiat this is exactly the method used for
static failure in Ch. 5.
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This shows that yielding is imminent, and furthealysis of fatigue life should not be
interpreted as a guarantee of more than one cytie.o

Eq. (6-8): S, =0.5(64)= 32 kpsi

Eq. (6-19): k, =aS, =2.70(64)°** = 0.897

Eq. (6-24): d,=0.370d= 0.37¢ )= 0.370in

Eq. (6-20):  k, =0.879,°"" = 0.879(0.370§'= 0.978
Eq. (6-18): S, =(0.897)(0.978)(0.5)(64 28.1 kpsi

Using Modified Goodman,

1_0, 0,_3845 3840
nf Se %t 28.1 64
n, =051 Ans.

Since infinite life is not predicted, estimatdfa from theS-Ndiagram. First, find an
equivalent completely reversed stress (See Ex.)6-12

O __ 38845  _q5 1 kpsi

g = = =
T 1-(0./S,) 1-(38.40/64)

This stress is much higher than the ultimate gtiterrendering it impractical for tHe-N
diagram. We must conclude that the fluctuatingsstes from the combination loading,
when increased by the stress concentration facoesso far from the Goodman line that
the equivalent completely reversed stress methodtipractical to use. Without testing,
we are unable to predict a life.

6-53

Table A-20:§, =64 kpsi, § = 54 kpsi

From Prob. 3-86, the critical stress element @Bpeesdx pend= 55.5 Kpsi Gk axial = 0.382
kpsi andr = 15.3 kpsi. The axial load is practically nedbigi, but we’ll include it to
demonstrate the process. Since the load is apphiddeleased repeatedly, this gives
Omax,bend= 55.5 KPSiGmin,bend= 0 KPSi, Omax axial= 0.382 KPSiOmin,axiai= 0 KpSi, Tmax= 15.3
kpsi, Tmin = 0 kpsi. Consequentlpend= Gapend= 27.75 KPSi Omaxial = Taaxial = 0.191
kpsi, im = 1, = 7.65 kpsi. From Table A-15-7, A-15-8 and A-15-9
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D/d=15/1=15 r A= 0.125/% 0.125
Kibes=1.60, K, o= 1.39, K 1.75

t tors™ t ,axial™

Egs. (6-34) and (6-35), or Figs. 6-20 and 6-2Xjend= Qaxial =0.78, Qtors = 0.82
Eq. (6-32):

K pena =1+ Upond Kt peng1) = 1+ 0.7 1.66 Ji= 1.47
K miar = 1% Oaia( K ax=1) =1+ 0.76 1.75 Ji= 1.59
K rore =1+ Ure K o= 1) =1+ 0.8 1.39 )= 1.32

Obtain von Mises stresses for the alternatingraitdrange stresses from Egs. (6-55) and
(6-56).

={(1.47)(27.75+(1.5( 19])} A 1.92 7¢¥} = 44.71kpsi
:{[(1.47)(27.75+( 1.5 0197 + [¢ 130 7.)@%}1/2: 44.66 kpsi

Since these stresses are relatively high comgarte yield strength, we will go ahead
and check for yielding using the distortion enefaiure theory.

a.. :\/(amaxybemﬁa I :\/(55.5+ 0.38Y+ 8 158 = 61.8 kpsi

This shows that yielding is predicted. Furthealgsis of fatigue life is just to be able to
report the fatigue factor of safety, though the \ifill be dictated by the static yielding
failure, i.e.N=1/2 cycle. Ans.

Eq. (6-8): S =0.5(64 = 32 kpsi

Eq. (6-19): k, =aS, =2.70(64)°**° = 0.897

Eq. (6-24): d,=0.370d= 0.37¢ )= 0.370in

Eq. (6-20): kb 0.879d,%" = 0.879(0.370§*'= 0.978
Eq. (6-18): S, =(0.897)(0.978)(0.5)(643 28.1 kpsi

Using Modified Goodman,
1 —i;+i 4471 ~44.66

n S S 281 64

n, =0.44 Ans.
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6-54 From Table A-20, for AISI 1040 CL&; = 85 kpsi and5, = 71 kpsi. From the solution to
Prob. 6-17 we find the completely reversed strésiseacritical shoulder fillet to bee, =

35.0 kpsi, producingr, = 35.0 kpsi andr, = 0 kpsi. This problem adds a steady torque
which creates torsional stresses of

2500 1.62
I _Ir_ 500(1.6 5/33:2967 psF 2.97 kpsi, 7, = 0 kpsi
J n(1.625) /32

From Table A-15-8 and A-15-9d = 0.0625/1.625 = 0.04D/d = 1.875/1.625 = 1.15,
Ktybendzl.gs,Ktytors:1.60

Egs. (6-34) and (6-35), or Figs. 6-20 and 6-2Xpeng= 0.76, Qiors = 0.81

Eqg. (6-32):

K pena =1+ Qpend Ki pend=1) = 1+ 0.76 1.95 Ji= 1.72
K 1o =1+ Qiore( Ki o= 1) =1+ 0.87 1.66 1= 1.49

Obtain von Mises stresses for the alternatingraitdrange stresses from Eqs. (6-55) and
(6-56).

a;:{[(1.72)(35.()]2+ 3( 1.4¥ ))]2}1/2: 60.2 kpsi
a, ={[(1.72)( 0] + 3 1.49( 2.9)7]2}”2 = 7.66 kpsi

Check for yielding, using the conservatiwg, =0, +0,,,
_ S 1 _
n, = = =

Yo +og  60.2+ 7.66

1.05

From the solution to Prob. 6-1%,= 29.5 kpsi. Using Modified Goodman,
1 _o, 0, 602 7.66
= +-_m=""""4 7

n S S, 295 85

n, =0.47 Ans.

Since infinite life is not predicted, estimatedfa from theS-Ndiagram. First, find an
equivalent completely reversed stress (See Ex)6-12

o _ 602

a

g = =
" 1-(0,/S,) 1-(7.66/85)

=66.2 kpsi

Fig. 6-18: f=0.867
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e (fs.) _[o.867(85)

Eq. (6-14): =184.1
a( ) S 29.5
Eq. (615) b=-1 jog S |=_1 |0€M§:— 0.1325
3 S 3 29.5
o " (66201
Eqg. (6-16): N=|=| = — = 2251 cycles
a 184.1
N= 2300 cycles Ans.

6-55 From the solution to Prob. 6-18 we find the coetglly reversed stress at the critical
shoulder fillet to beg., = 32.8 kpsi, producings = 32.8 kpsi andi, = 0 kpsi. This
problem adds a steady torque which creates tofsstmresses of

2200 1.625/
T, =E = O( ?= 2611 psE 2.61kpsi, 7, = 0O Kpsi
3 n{1.628) /32

From Table A-15-8 and A-15-8/d = 0.0625/1.625 = 0.04D/d = 1.875/1.625 = 1.15,
Kt,bend:]--95th,tors:1-60

Egs. (6-34) and (6-35), or Figs. 6-20 and 6-2eng= 0.76, Gors = 0.81
Eq. (6-32):

K pend =1+ Qpend Ki peng=1) = 1+ 0.76 1.95 Ji= 1.72
K o = 1% O K o= 1) =1+ 0.81 1.66- Ji= 1.49

Obtain von Mises stresses for the alternatingraitdrange stresses from Eqgs. (6-55) and
(6-56).

:{[(1.72 32.3]%@ ((1.4% ))]2}1/2: 56.4 kpsi
{[172 (9] + 9 2.49( 26)1]} = 6.74 kpsi

Check for yieldlng, using the conservativg,, = o, +0,,,

S
= 71 =1.12

n = =
o,+o0, 56.4+6.74

y

From the solution to Prob. 6-18,= 29.5 kpsi. Using Modified Goodman,
1 _J;+J 56.4 6.74

n S S 295 8
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n, =0.50 Ans.

Since infinite life is not predicted, estimatdfa from theS-Ndiagram. First, find an
equivalent completely reversed stress (See Ex)6-12

g =— % - S04 _g3yps
1- (0, 1S,) 1-(6.74/85)
Fig. 6-18:  f=0.867
fs,.) [0.867(85)
Eq. (6-14): a:( S| 85) _ 184.1
S 29.5
Eq. (6-15): b=—E lo S =——1 Ioéwﬁ=— 0.1325
3 S 3 29.5

1/b 1
Eq. (6-16): N =(%) :( 613} "= 4022 cycles

184.1
N= 4000 cycles Ans.
6-56 S, =55kpsi,S = 30 kpsi,K,= 1.6/= 2ftg, = 150IbfE_ = 500 Ibf

Egs. (6-34) and (6-p, or Fig. 6-21: gs=0.80
Eqg. (6-32): K, =1+q,(K,-1)=1+0.8¢ 1.6 J= 1.48

T, =500(2)= 1000 Ibfdin, T, = 150(2F 300 I4f in

- 16K fsTmax — 16(148)(1000):
= m® 77(0.875)
_ 16K T _ 16(1.48)(300)

T

11251 psk 11.25 kpsi

I = =3375 psi 3.38 kpsi
min ﬂd3 ﬂ(0875)3 p p
;= Tmax ¥ Tmin _ 11.25+ 3.38: 7.32 Kpsi
2 2
r = Tmax;mm . 112% 3-38_ 3 94 kpsi

Since the stress is entirely shear, it is conveniecheck for yielding using the standard
Maximum Shear Stress theory.

S, /2
n, =212-3012_ 55

Find the modifiers and endurance limit.
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Eq. (6-8): S, =0.5(55)= 27.5 kpsi

Eqg. (6-19): k, =14.4(55)°"**= 0.81

Eqg. (6-24): d,=0.370(0.875F 0.324 in

Eqg. (6-20):  k, =0.879(0.324f' = 0.99

Eqg. (6-26): k. =0.59

Eqg. (6-18): S,=0.81(0.99)(0.59)(27.55 13.0 kpsi

Since the stress is entirely shear, we will ukmd factork. = 0.59, and convert the
ultimate strength to a shear value rather thanguie combination loading method of
Sec. 6-14. From Eq. (6-54;,= 0.6, = 0.67 (55) = 36.9 kpsi.

(a) Modified Goodman, Table 6-6

ne = 1 = 1 =1.99 Ans.
(r,/S)+(r,/Sy) (3.94/13.0% (7.32/36.9)

(b) Gerber, Table 6-7

2 2
=S L gy i e
2 Tm Sse SSJ-a

é(@ﬂﬁz) _1+\/1+( 2(7.32)(13.3§
2(7.32) {130 36.9(3.94)

n, =2.49 Ans.

6-57 S, =145 kpsi,§ = 120 kpsi

From Egs. (6-34) and (6-8p or Fig. 6-20, with a notch radius of 0.1 @0+ 0.9. Thus,
with K; = 3 from the problem statement,
K, =1+q(K,-1)=1+ 0.9(3- 1F 2.80
4P —2.80(4)03):

O =K — = 2= 2 4760
md 7(1.2)

o, =-0, :%(—2.47@3 )=-1.239

S P(D+d) _0.3P(
max — 4 -

or 1'3 =0.54P

From Egs. (6-34) and (6-Bp or Fig. 6-21, with a notch radius of 0.1 i, =0.92. Thus,
with K = 1.8 from the problem statement,
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K,=1+0,(K,~1)=1+ 0.92(1.8 1F 1.74
_ 16K T _16(1.74)(0.5# )

T == 2T =276%P
m (1.2)

=7 =T - 276P g aae
2 2

Egs. (6-55) and (6-56):
o, =[(0,/0.850 + 2 1*=[(1.23% /0.85j+ 3(1.385 )'f= 2.81
o' =[o, ?+3r’]"*=[(-1.238P)*+ 3(1.38% § [*= 2.7@

Eq. (6-8): S, =0.5(145)= 72.5 kpsi

Eq. (6-19): k, =2.70(145)***= 0.722

Eq. (6-20): k, =0.879(1.2)**" = 0.862

Eq. (6-18): S, =(0.722)(0.862)(72.5F 45.12 kpsi

Modified Goodman: = =% +9m - 28P  27® _ 1
n, § § 4512 145 3

P=4.12 kips Ans.

AnNS.

y 120 _ 599
o.+0.  (2.81)(4.12% (2.70)(4.12)

a m

Yield (conservative):n, =

6-58 From Prob. 6-57K, =2.80,K,, = 1.74S,= 45.12 kpsi

4P 4(18) .
o =-K, —mx=-28 = - 44.56 kpsi
max " md? m(1.2%) P
o =-K, imi; = —2.80@ =-11.14 kpsi
7 71(1.2)

T =f Pmax(Df:dj = 0.3(18{6+T1'2j = 9.72 kigin

T =fP. (Df:dj - 0.3(4.5(6”41'2) = 2.43kifin
Tnax = Kfs 16rm3ax :1.7M): 49.85 kpSI
md 7(1.2)
Toin = Kfslb—r";‘” =1-7M)= 12.46 kpsi
md m(1.2)
o, :|—44.56—2e 11.14{|):16'71 psi
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_ —44.56+ ¢ 11.14)
" 2
Mﬁ 18.70 kpsi

—-27.85 kpsi

MG_ 31.16 kps|

Egs. (6-55) and (6-56):

0. =[(o,10.85¢ + 2 1?=[(16.71/0.85}+ 3(18.76)"F= 37.89 &p
o' =[o,?+3r]"*=[(27.85)*+ 3(31.16§ }*= 60.73 kpsi

Modified Goodman: -~ =% 1 9m - 37-89, 60.73
N S S 45.12 12" 145

=0.79

Since infinite life is not predicted, estimatdfa from theS-Ndiagram. First, find an
equivalent completely reversed stress (See Ex)6-12

O, = U,a = 37.89 =65.2 kpsi
1-(0.,1S,) 1-(60.73/145)

Fig. 6-18: =0.8

£, (6-14) a=(f S.) =[0.8(145}2

= 298.2

S 45.12

Eq. (6-15): b=—l lo TS =——1 Io§ 0'8(145)j =- 0.1367
3 S 3 45.12
1/b

Eq. (6-16): N= Grev 652 01367— 67 607 cycles

a 298.2

N= 67 600 cycles Ans.

6-59 For AISI 1020 CD, From Table A-205, = 390 MPaS,: = 470 MPa. Given& = 175

MPa.
360+ 160 _ (

First Loading: (0,),= == =260 MPa 366 16Q

g,),=———= 100 MPa
2
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9
( a)l = 100 =223.8 MPa> S, O finite life
.), /S, 1-260/470

Goodman: (a,), = o

a==———— [0 9 ()] =1022.5 MPa

0.9( 47
b= - ogM =-0.127767
3 175
-1/0.127767
= 2238 =145 920 cycles
1022.5
320+(-20 326-(- 20
Second loading{a,,), :# =60 MPa, (a,), :%): 260 MPa
(0.) =250 _5980 MPa
¢ 1-60/470
-1/0.127767
(@) Miner's method: N, = (&j =15 520 cycles
1022.5
N, o, 80000, % _; . -7000 cycles Ans.
N, N, 145 920 15520

(b) Manson’s method: The number of cycles remainiiey dhe first loading

Two data points: 0.9(470) MPa,*1¢ycles
223.8 MPa, 65 920 cycles
b,
0.9(479 _ a,(10°)
2238  a,(65 92()bz

1.8901=( 0.01517%

b, =1091-890L _ 157 997
log 0.015170
223.8
= (65 92()_0.151997 =1208.7 MPa
1/-0.151997
n, = (%207] =10 000 cycles  Ans.

6-60 Given:S =50 kpsi, S;t = 140 kpsif =0.8. Using Miner’'s method,
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0.8(140
a =% = 250.88 kpsi

0.8(14
b= —ElogM =-0.116 749
3 50

= 17 850 cycles

65 1/-0.116 749
g,=65kpsi, N, :( j = 105 700 cycles
250.88

0-2N+ 0.5\ + 0. =1 = N=12600 cycles Ans .
4100 17850 105 700

6-61 Given:S;;= 530 MPa& = 210 MPa, andél=0.9.
(a) Miner’'s method

2
2=L0%539] 053 47 wpa
210
b= L16g 0530 _

3 7 210

-0.118 766

= 13550 cycles

1/-0.118 766
0, =350 MPa, NI:( 350 j

1083.47

260
1083.4

\‘

1/-0.118 766
g, =260 MPa, N, =( j = 165 600 cycles

1/-0.118 766

= 559 400 cycles

0,=225MPa, N, =[ 225
1083.47
n,

i+_+_:l
Nl NZ N3

>000 + >0 000+ s =184 100 cycles Ans .
13550 165600 559 400

(b) Manson’s method:
The life remaining after the first series of ¢gglisNg; = 13 550- 5000 = 8550
cycles. The two data points required to defBjeare [0.9(530), 1% and (350, 8550).
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0.9(530 _ a,(10°)"
350  a,(8550"

= 1.3629=( 0.1169p"

b, _ log(13629 -0.144280
log(0.116 9§
350
= W_OM“ZBO =1292.3 MPa
-1/0.144 280
N, = (%J =67 090 cycles

Ng, =67 090- 50 00G- 17 090 cycles

0.9(539 _ a,(10°)”

~ = 1.8346=(0.058 51
260  a,(17 090

log(1.834
o= 109(1:8349 _ 15785 4= 260 _ 0887 Mpa

- |Og(0058 514 (17 099—0.213 785

-1/0.213 785
N, :( 225 j =33 610 cycles Ans.
2088.7

6-62 Given:S = 45 kpsi S, = 85 kpsif = 0.86, andu, = 35 kpsi andg, = 30 kpsi for 12 (13)
cycles.

Gerber equivalent reversing stress,,, = Ta = 35

1-(g,/S,)° 1-(30/85
(@) Miner's method.ge, < S. According to the method, this means that the earthe
limit has not been reduced and the new enduramiei$ S, = 45 kpsi. Ans.

=39.98 kpsi

(b) Manson’s method: Againgey < S. According to the method, this means that the
material has not been damaged and the enduranitddis not been reduced. Thus,
the new endurance limit iS, = 45 kpsi. Ans.

6-63 Given:S. = 45 kpsi,S, = 85 kpsif = 0.86, andz, = 35 kpsi andgy, = 30 kpsi for 12 (1%)

cycles.

Goodman equivalent reversing stress;, = Ia = 35 =54.09 kpsi
' 1-(o,/S,) 1-(30/89

Initial cycling
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0.86(83 T
a=# =116.00 kpsi

0.86( 8
b= —}Iogﬂ =-0.070 235
3 45

= 52190 cycles

1/-0.070 235
0, =54.09 kpsi, N, :( 5409]

116.00

(@) Miner's method (see discussion on p. 333): Thalmer of remaining cycles at 54.09
kpsi iSNremaining= 52 190~ 12 000 = 40 190 cycles. The new coefficientskereb,
anda’ =S /N° = 54.09/(40 190)%°7°2%= 113.89 kpsi. The new endurance limit is

S, = dN =113.8 16

)—0.070 235

= 43.2kpsi Ans.

(b) Manson’s method (see discussion on p. 334): Timeber of remaining cycles at
54.09 kpsi ifNremaining= 52 190~ 12 000 = 40 190 cycles. At ieycles,
S =0.86(85) = 73.1 kpsi. The new coefficients are
b’ = [log(73.1/54.09)]/log(1840 190) = 0.081 540 and’ = i/ (Nremaining ° =
54.09/(40 190) %981 34%= 128 39 kpsi. The new endurance limit is

S, =dN =128.39 16

)—0.081 540

= 41.6 kpsi Ans.
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Chapter 7

7-1  (a) DE-Gerber, Eq. (7-10):
A= \/4 KM, +3(KT) =4 2.2)(70) + § (1.8)(43f = 3384N m

B:\/4 Kme) +3 oT m \/4{(2 2)(55} {;(1.8)(35}5: 265.5N m

12 1/3

_) 83384, 1+[2(265.5X 21())( 1@)}2
71(210)(16) 338.4 70 19

d=25.85(10°) m = 25.85 mm Ans.

(b) DE-elliptic, Eq. (7-12) can be shown to be

1en (R B | _|16(2)| (3384 (2655
(” s SZJ T \/[(210)(10)]2 [(569( 10)]

d=25.77 (10 m = 25.77 mm Ans.

1/3

(c) DE-Soderberg, Eg. (7-14) can be shown to be

len( A B “ 11602 3384 2655 -
S sy | | 210(16) 564 16)

d=27.70 (103) m=27.70 mm Ans.

(d) DE-Goodman: Eg. (7-8) can be shown to be

o2 e )]

d=27.27 (10 m=27.27 mm Ans.

Criterion d (mm) Compared to DE-Gerber
DE-Gerber 25.85

DE-Elliptic 25.77 0.31% Lower Less conservative
DE-Soderberg 27.70 7.2% Higher More consereativ
DE-Goodman 27.27 5.5% Higher More conservative

7-2  This problem has to be done by successive trimise & is a function of shaft size. The
material is SAE 2340 for whic8;: = 175 kpsi S, = 160 kpsi, andHg > 370.
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Eq. (6-19), p. 295: k, =2.70(175)***= 0.69
Trial #1: Chooseal, = 0.75 in

Eq. (6-20), p. 296: k, =0.879(0.75" = 0.91

Eg. (6-8), p.290: S, =0.5§,= 0. 175= 87.5 kpsi
Eq. (6-18), p. 295: S, = 0.69 (0.91)(87.5) = 54.9 kpsi

d=d-2r=0.7D- D /20= 0.6

Fig. A-15-14:
d=d +2r=0.75+ 2(0.058F 0.808 in

d _0.808_,
d,~ 0.75

_0.058_ o

Ki=1.9
Fig. 6-20, p. 296: r =0.058 ing=0.90
Eq. (6-32), p. 303: K =1+0.90(1.9-1)=1.81
Fig. A-15-15: Kis=1.5
Fig. 6-21, p. 304: r =0.058 ings = 0.92
Eq. (6-32), p. 303: K =1+0.92(1.5-1)=1.46

We select the DE-ASME Elliptic failure criteriagE(7-12), withd asd;, and

Mm=Ta=0,
5 ) 12 1/3
_|16(2.5) ,[ 1.81(600 1.46(40Q)
d = 4 3 =Y
’ T {54.9(16)j ¥ { 16(Q 16)?
d =0.799 in

Trial #2: Choosal, = 0.799 in.

k, =0.879(0.799f° = 0.90

S = 0.69 (0.90)(0.5)(175) = 54.3 kpsi
d_ _0799_, ..
0.65 0.65

r=D/20=1.23/20 = 0.062 in

D=
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Figs. A-15-14 and A-15-15:
d=d +2r=0.799 2(0.062% 0.923in

40923, 16
d 0.799
29952 07g
d~ 0.799

With these ratios only slightly different from theevious iteration, we are at the limit of
readability of the figures. We will keep the sanadues as before.

K =19, K.,=15 ¢= 090, g = 0.92
0K, =1.81, K,=1.46

Using Eqg. (7-12) produce$ = 0.802 in. Further iteration produces no changth
d- = 0.802 in,
0.802

D=—""%=123in
0.65
d=0.75(1.23F 0.92in

A look at a bearing catalog finds that the nexilatbée bore diameter is 0.9375 in. In
nominal sizes, we seledt= 0.94 in,D = 1.25 inyr = 0.0625 in Ans.

7-3  Fcos20(d/2)=Ta F=2Ta/(dcos 20) = 2(340) / (0.150 cos 2P= 4824 N.
The maximum bending moment will be at pdihtwith Mc = 4824(0.100) = 482.4 -W.
Due to the rotation, the bending is completely regd, while the torsion is constant.
Thus,M, = 482.4 Nm, Tr, = 340 Nm, M, =T, = 0.

For sharp fillet radii at the shoulders, from Tabi&,K; = 2.7, andKs = 2.2. Examining
Figs. 6-20 and 6-21 (pp. 303 and 304 respectiveity) S, =560 MPaconservatively

estimateq = 0.8 andg, =0.9. These estimates can be checked once a spedétafitius
is determined.

Eq. (6-32): K, =1+0.8(2.7- 1F 2.4
K,=1+0.9(2.2- 1F 2.1

(&) We will choose to include fatigue stress concéiangfactors even for the static
analysis to avoid localized yielding.

1/2
, 32K,M, )" (16K,T. )
Eq. (7-15): 0, = +3

md® mmd®

Shigley's MED, 18 edition Chapter 7 Solutions, Page 3/45



fs'm

S rd 2 )12
F. (16 n= =TT a(kw, ) (T |

Q

ax

Solving ford,

13
_J16n 2 )2
d —{E[«Kf M.)" +3(K T’ | }

[ 16025 : 2
- {W{4[(2.4)(482.4]) + § 2.4 }
d=0.0430 m = 43.0 mm Ans.
(b) k, =4.51(560)°*% = 0.84

Assumek, = 0.85 for now. Check later once a diameter isfkmo
S = 0.84(0.85)(0.5)(560) = 200 MPa

Selecting the DE-ASME Elliptic criteria, use E@-12) withM =T, =0.

1/3
2 1/2

_|16(2.5) ,[ 2.4(482.4 i 2.1(340
d= T 4{ 200(16) J +3[ 42¢ 16)}

=0.0534 nF 53.4 mm

With this diameter, we can refine our estimatesfandaq.
Eq. (6-20):  k, =1.51d™*" = 1.5{ 53.%°"'= 0.81

Assuming a sharp fillet radius, from Table 7+15 0.0 = 0.02 (53.4) = 1.07 mm.

Fig. (6-20): q=0.72
Fig. (6-21): qs=0.77

Iterating with these new estimates,

Eq. (6-32): Ki=1+0.72(22.7-1)=2.2
Kis=1+0.77 (22-1)=1.9

Eq. (6-18): S =0.84(0.81)(0.5)(560) = 191 MPa

Eq. (7-12): d=53 mm Ans.

Further iteration does not change the results.
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7-4  We have a design task of identifying bending meinaed torsion diagrams which are

preliminary to an industrial roller shaft desigretlpointC represent the center of the
span of the roller.

FY =30(8)= 240 Ibf

FZ =0.4(240)= 96 Ibf

T = F2(2) = 96(2)= 192 Ibfdin
LT 192

Fy =—=—"-=128 Ibf
15 15
FJ = F5tan20 = 128tan 20= 46.6 Ibf
(a) xy-plane
Yl 46.6
Fj Fy

| 1

‘ 5.75" C X275 B
240

SM, =240(5.75)-F) (11.5¢ 46.6(14.25) 0

- 240(5.75)- 46.6(14.25) 62.3 Ibf
A 11.5

SM, =FJ(11.5)- 46.6(2.75r 240(5.75) O
240(5.75) 46.6(2.75)

FY = 2131.1 Ibf
115

Bending moment diagram:

Jiri:'ﬂ'
ilbfsin)
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xz-plane

s
|.¢—5_?5"44 . 275"
0 L A
' 115" 4 B
FA 1=

&

M, =0=96(5.75)-F? (11.5% 128(14.25)

Frs 96(5.75)1+11528(14.25)__ 206.6 Ibf

SM, =0=FZ2(11.5)+ 128(2.75F 96(5.75)
96(5.75)- 128(2.75)

FZ= £17.4 |bf
11.5

Bending moment diagram:

Mx:
{Ibf=in)

o

M. =100 + (- 754F = 761 Ibfin

M, =+/(-128F + (- 352§ = 375 Ibflin

Torque: The torque is constant fr@rto B, with a magnitude previously obtained of 192

Ibf-in.
(b) xy-plane
,
']
‘J.’-l.] 63.3‘ 46.!‘.‘1
L-f—* 30 Ibfiin
M, =-131.%+ 1§x- 1.75 - 1bx- 9.75-

Shigley's MED, 18 edition
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Bending moment diagram:

J'r:fx\'
{Ibf in)
1.75 [ A B
il T . — ¥
| 4
—514

Mmax = =516 Ibf- in and occurs at 6.12 in.
M. =131.1(5.75F 15(5.75 1.75F 514 16F in

This is reduced from 754 Ibfin found in part (a). The maximum occurs at=6.12 in
rather tharC, but it is close enough.

rl_h 12 Ibffin 128
| |

17.4 2066

xz-plane

M, =17.4x- 6/x- 1.75°+ 6x— 9.76+ 206(6- 11’5

M,
(Ibfein}
30.5 4.1 A B
0 —p—
[1.75 w
|

|
I 35
- [\m2 2 | —3x
LetMnet_ I\/Ixy-'-llez M | :
metl sl6
|
|
|

{Ibf+in) }
PlotMne(X), 1.75<x<11.5in /\—}3?4
1 |
|
|

E=
MmaX: 516 Ibf |n atX = 6.25 |n |j| I

Bending moment diagram:

Torque: The torque rises from 0 to 192ilbfinearly across the roller, then is constant to
B. Ans.
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7-5  This is a design problem, which can have many dabépdesigns. See the solution for
Prob. 7-17 for an example of the design process.

7-6  If students have access to finite element or baaatysis software, have them model the
shaft to check deflections. If not, solve a simpiersion of shaft for deflection. The 1 in
diameter sections will not affect the deflectioauks much, so model the 1 in diameter
as 1.25in. Also, ignore the stepAB.

F4 | )
B
From Prob. 7-4, integratd,y andMy,.
xy planewith dy/dx = y'
Ely :—13i1(x2 +5(x-1.79" - § x- 9.753—3% x- 115+ G (1)

EIy-—lSl](x3 Ax-1.75" - (x 975—62%x—11}33+q>&g

y=0atx=0 = G=0

y=0atx=115 = G = 1908.4 Ibflih
From (1), x=0: Ely' =1908.4

x=11.5: Ely' = -2153.1

Xz planeg(treatingz t+ +)

= 224() -2 175"+ 3 875
=24 2)- 2 17504 2 o 075"

206. X— 11.ﬁ+ G (2)

2%6'? x 115+ Gx G

z=0atx=0 = G=0
z=0atx=115 = C= 8.975Ibflin

From (2), x=0: Elz'=8.975
x=11.5: Elz'=-683.5
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At O El@=+/1908.4 + 8.975= 1908.4 Iif th

At A: Elf=4/(-2153.1f + ¢ 683.5)= 2259.0 Iifi i(dictates size)
6= 2259 =0.000 628 rad
30(10) (/64 ( 1.25)
_ 0001 _
0.000628
At gear meshB ¥

Xy plane
yp 46.6 |bf

With | =1, in sectionOCA ]
y, =—2153.1/El, ' B

Sincey'sa is a cantilever, from Table A-9-1, with=1, in sectionAB

Fx(x-2l) _ 46.6
= = 2.75)[2.75- 2(2.75)F — 176.2HI
5n =g = oe. 27 (2.75)F 2

OYe=Yat Yua=

B 2153.1 _ 176.2
30(10)(7r/64( 1.285) 30 1G(r /94 0.87p

=-0.000 803 rad (magnitude greater than 0.080H

xzplane
128 Ibf
- :
r :
, 6835 _ 128(2.78) 484
" e, = v 2El, El,
, 683.5 484

= =-0.000 751 rad

* " 30(10)(m/69(1.28) 3p 19(r /e o8

6, =+/(-0.000803) + € 0.000751)= 0.00110 rad

Crowned teeth must be used.
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Finite element results: Error in simplified model

6, =5.47(10" ) rad 3.0%
6, =7.09(10* ) rad 11.4%
6, =1.10(10° ) rad 0.0%

The simplified model yielded reasonable results.

Strength St =72 kpsi, § = 39.5 kpsi

At the shoulder a&, x=10.75 in.From Prob. 7-4,
M, =-209.3 Ibfin, M ,=-293.0 Ibflin, T = 192 If in

M =/(-209.3f + ¢ 293§ = 360.0 Ibfl in
S, =0.5(72)= 36 kpsi
k, =2.70(72)°%*°~ 0.869
1 -0.107
K, = (0—3] =0.879
k. =k =k =k =1
S, =0.869(0.879)(36F 27.5 kpsi

D/d=1.25r/d=0.03
Fig. A-15-8: K=1.8
Fig. A-15-9: K;=2.3
Fig. 6-20: g=0.65
Fig. 6-21: gs=0.70
Eq. (6-32): K, =1+0.65(2.3- 1F 1.85
K, =1+0.70(1.8 1F 1.56

Using DE-ASME Elliptic, Eq. (7-11) witM , =T, =0,
1/2
1__16 |,[185(360 ’ .4 15609 j
n () 27 500 39500

n=3.91

Perform a similar analysis at the profile keywawger the gear.

The main problem with the design is the undersgteadt overhang with excessive slope
at the gear. The use of crowned-teeth in the geidirsliminate this problem.

7-7 through 7-16
These are design problems, which can have manyptaiide designs. See the solution for
Prob. 7-17 for an example of the design process.
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7-17 (a) One possible shaft layout is shown in part (ethBeearings and the gear will be
located against shoulders. The gear and the maliaransmit the torque through the
keys. The bearings can be lightly pressed ontshiadt. The left bearing will locate the
shaft in the housing, while the right bearing witdlat in the housing.

(b) From summing moments around the shaft axis, thgetatral transmitted load
through the gear will be

W =T/(d/2)=2500/(4/2F 1250 Ibf
The radial component of gear force is relatedn@yressure angle.

W =Wtang=1250tan 20= 455 Ibf

1/2

W= (W2 + W)™ = (4562 + 1256) " = 1330 Ibf
Reaction®R, andR, and the loadV are all in the same plane. From force and moment

balance,
R, =1330(2/11F 242 Ibf

R; =1330(9/11F 1088 Ibf
M . = Ra(9) = 242(9)= 2178 Ibtdin
Shear force, bending moment, and torque diagramsow be obtained.

W

|- in 12in |-l'— b —=
L

R, T Ry

242 1

Ans.

|15 1bi

2178 Ibfin

2500 Ihfsin

Shigley's MED, 18 edition Chapter 7 Solutions, Page 11/45



(c) Potential critical locations occur at each stiasentration (shoulders and keyways).
To be thorough, the stress at each potentiallicatitocation should be evaluated. For
now, we will choose the most likely critical loaati, by observation of the loading
situation, to be in the keyway for the gear. Astpoint there is a large stress
concentration, a large bending moment, and theutoig|present. The other locations
either have small bending moments, or no torque.sktess concentration for the
keyway is highest at the ends. For simplicity, &mtle conservative, we will use the
maximum bending moment, even though it will havepged off a little at the end of the

keyway.

(d) At the gear keyway, approximately 9 in from thi &nd of the shaft, the bending is
completely reversed and the torque is steady.

M, =2178 Ibf0n T = 2500 Ibfdin M_=T,= 0
From Table 7-1, p. 365, estimate stress concentimfor the end-milled keyseat to ke
= 2.14 anKs = 3.0. For the relatively low strength steel sfped (AISI 1020 CD),
roughly estimate notch sensitivitiesgf 0.75 andjs = 0.80, obtained by observation of
Figs. 6-20 and 6-21, assuming a typical radiuk@abbttom of the keyseat of d = 0.02,
and a shaft diameter of up to 3 inches.

Eq. (6-32): K, =1+0.75(2.14 1r 1.9
K,=1+0.8(3.0- 1= 2.6

Eqg. (6-19):  k, =2.70(68)***= 0.883
For estimatingds,, guessd = 2 in.

Eqg. (6-20)  k, =(2/0.3)**" = 0.816

Eq. (6-18) S, =0.883(0.816)(0.5)(68F 24.5 kpsi

Selecting the DE-Goodman criteria for a consevedtirst design,

1/3

s[4 T [alom) ]
Eq. (7-8): d= +
u S R
_ 41 9@1732}”2 | ¢ 26 25()6}1/2 N
4| 180.5) [ 4T L2
m 24500 68 000

d=157in Ans.
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With this diameter, the estimates for notch sevigitand size factor were conservative,
but close enough for a first iteration until deflens are checked. Check yielding with
this diameter.

1/2
, 32K M.\ (16K, T\
Eq. (7-15): o0, = — +3 —a

o :[(32(1.9)(2175? +3( 16(2.6)(25035} = 18389 psi= 18.4 kpsi
max m(1.57) 7(1.579

=57/18.4= 3.1 Ans.

ny=Sy/a'

max

(e) Now estimate other diameters to provide typicaluster supports for the gear and
bearings (p. 364). Also, estimate the gear andrgarndths.

9 >

1 < 6

(f) Entering this shaft geometry into beam analysitwswe (or Finite Element software),
the following deflections are determined:

Left bearing slope: 0.000 532 rad
Right bearing slope: —0.000 850 rad
Gear slope: —0.000 545 rad
Right end of shaft slope: —0.000 850 rad
Gear deflection: -0.00145in

Right end of shaft deflection: 0.00510in
Comparing these deflections to the recommendatiomable 7-2, everything is within
typical range except the gear slope is a littlenHay an uncrowned gear.

(g9) To use a non-crowned gear, the gear slope is memaed to be less than 0.0005 rad.
Since all other deflections are acceptable, wetaitjet an increase in diameter only for
the long section between the left bearing and &a.gncreasing this diameter from the
proposed 1.56 in to 1.75 in, produces a gear s56pe).000 401 rad. All other

deflections are improved as well.
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7-18

(a) Use the distortion-energy elliptic failure locd$e torque and moment loadings on
the shaft are shown in the solution to Prob. 7-17.

Candidate critical locations for strength:
» Left seat keyway
* Right bearing shoulder
* Right keyway

Table A-20 for 1030 HRS, =68 kpsi, S, = 37.5 kpsiH, = 137

Eq. (6-8): S, =0.5(68)= 34.0 kpsi

Eq. (6-19): k, =2.70(68)*** = 0.883
k. =ki=k=1

Left keyway

See Table 7-1 for keyway stress concentration facto
K, =2.14

Profile keywa
K, :3.0} ywe

For an end-mill profile keyway cutter of 0.010 adius, estimate notch sensitivities.

Fig. 6-20: g=0.51
Fig. 6-21: g, =0.57
Eqg. (6-32): K,=1+q.(K,~1)=1+ 0.57(3.6- 1F 2.1
K, =1+0.51(2.14 1y 1.6
1.875\ "
Eqg. (6-20): =| =205 =0.822
g. (6-20) K, (o.soj
Eqg. (6-18): S, =0.883(0.822)(34.05 24.7 kpsi
1
2 2
Eq. (7-11) 1_ 16 |,f160178] , [ 2.1(250 )
n, m(1.875) 24700 37500
n=3.5 Ans,

Right bearing shoulder
The text does not give minimum and maximum shoulliEmeters for 03-series bearings
(roller). UseD = 1.75in.

29930 6019, Do Loy gy
d 1574 d 1574

Fig. A-15-0: K, =2.4

Fig. A-15-8: K, =1.6
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Fig. 6-20: g=0.65

Fig. 6-21: g, =0.70

Eq. (6-32): K, =1+0.65(2.4- 1F 1.91
K. =1+0.70(1.6- 1F 1.42

M= 217{%3) = 493 Ibflin

2 1/2
Eq. (7-11): 1_ 16 | ,(1.91493)° . 1.42(2500)
n, 7m(1.574) 24700 37500
ne=4.2 Ans.
Right keyway

Use the same stress concentration factors asddetihkeyway. There is no bending
moment, thus Eq. (7-11) reduces to:

1 _16VXK,T, _16/3(2.1)(2500)
no  nd’S  n(15)(37500)
n=2.7 Ans.

Yielding
Check for yielding at the left keyway, where thengbetely reversed bending is
maximum, and the steady torque is present. Ustnd&15), withMy, =T, =0,

r 1/2
, 32K,M, ) (16K, T\
e T ) T

_|[32(1.9( 2173}13[ 16 2)( 25()?2 -

7(1.875° n(1.87%

=8791 psk 8.79 kpsi
n =——=-—-=43 Ans.

Check in smaller diameter at right end of shaft retanly steady torsion exists.
r 1/2
' 16KfsTm ’
e

1/2

_ _3 16( 2.9)( 250()}2

7(1.5)°
=13722 psk 13.7 kpsi
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n=—_-=—-=27 Ans.

(b) One could take pains to model this shaft exaaBing finite element software.
However, for the bearings and the gear, the skddasically of uniform diameter, 1.875
in. The reductions in diameter at the bearings etiinge the results insignificantly. Use
E = 30 Mpsi for steel.

To the left of the load, from Table A-9, case 6,

AB _—__(3X +b" | )—
dx 6Ell 6(30)(16 )¢z /64)(1.875 )(11)
=2.4124(10° )(&*- 117)
Atx=0in: 6=-2.823(10") rad
Atx=9in: 6=3.040(10") rad
To the right of the load, from Table A-9, case 6,

L =%=i(—3x2+6xl— Zz—az)
dx _ BEI
Atx=1=11in:
_Fa o o\ _ 1449(9)(11- 9) _ 4
6=’ -a)= 6(30)(10 )7 /64)(L.875 Y11y 20 ) rad

Obtain allowable slopes from Table 7-2.

Left bearing:
_ Allowable slope_ 0.001 _

. =3. Ans.
Actual slope 0.0002823

Right bearing:
0.0008

Ne=—————=1. Ans .
0.000434 2

Gear mesh slope:

Table 7-2 recommends a minimum relative slope @@5 rad. While we don’t know the
slope on the next shaft, we know that it will né@dhave a larger diameter and be stiffer.
At the moment we can say

0.0005 _, ¢

Ne<————=1. Ans .
0.000 304
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7-19 The most likely critical locations for fatigue atlocations where the bending moment is
high, the cross section is small, stress conceontrakists, and torque exists. The two-
plane bending moment diagrams, shown in the saolutid’rob. 3-72, indicate decreasing
moments in both planes to the leftAdfand to the right o€, with combined values #t
andC of Ma = 5324 Ibfin andM¢c = 6750 Ibfin. The torque is constant betwe®and
B, with T = 2819 Ibfin. The most likely critical locations are at tfteess concentrations
nearA andC. The two shoulders neArcan be eliminated since the shoulders i@ar
have the same geometry but a higher bending monwatwill consider the following
potentially critical locations:

* keyway atA
* shoulder to the left o
* shoulder to the right o

Gear center Gear center
0.5 — | 16 < 14 < 9 -
2.5

¥ llo y ¥ ! cy Y B

X — v - ) P —
I < | f T f T f 2 — -

< 15 > < 10 >

< 17 > 1 >

- 41

Table A-20: S, = 64 kpsi.S, = 54 kpsi

Eq. (6-8): S, =0.5(64)= 32.0 kpsi

Eqg. (6-19): k, =2.70(64)***= 0.897
k. =k =k=1

Keyway at A

Assumingr / d = 0.02 for typical end-milled keyway cutter (p.536withd = 1.75 in,

r=0.04 =0.035in.

Table 7-1:  K;=2.14K=3.0

Fig. 6-20: g=0.65

Fig. 6-21: gs=0.71

Eq. (6-32): K, =1+q(K, -1) =1+ 0.65(2.14 1y 1.7
K.=1+q,(K,~1)=1+ 0.71(3.6- 13 2.4

175 -0.107
Eq. (6-20): = == =0.828
q. (6-20): Kk, (o.:«;oj
Eqg. (6-18): S, =0.897(0.828)(32F 23.8 kpsi
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We will choose the DE-Gerber criteria since thiansanalysis problem in which we
would like to evaluate typical expectations.
Using Eq. (7-9) wittM, = T, =0,

A=4(K,M,)" = [4(1.7)(5323] = 18102 Ibm i 18.10 kdp in

B:\/S(KfSTm)z :\/3[(2.4)( 2819] = 11718 Ifl ir 11.72 kip in

1/2

_ 8(18.10 s £ 11.7) 23)82 v2
n(L75)(239 | {1 ( (18.19(62 ”

n=1.3

Shoulder to the left of C
r/d=0.0625/1.75=0.03a)/d=2.5/1.75=1.43

Fig. A-15-9: K;=2.2

Fig. A-15-8: Ki=1.8

Fig. 6-20: g=0.71

Fig. 6-21: gs=0.76

Eq. (6-32): K, =1+q(K,-1)=1+0.71(2.2 1F 1.9

K,=1+q,(K,~1)=1+0.76(1.8 1F 1.6

-0.107
Eq. (6-20): Kk, = (%Sj =0.828

Eq. (6-18): S, =0.897(0.828)(32F 23.8 kpsi

For convenience, we will use the full value of Hending moment &, even though it
will be slightly less at the shoulder. Using Ef+9) withMp, = T, =0,

AZ\/4(Kf M, )’ :\/4[(1.9)( 675)] = 25650 Itf iF  25.65 kip in

B :\/3(KfsTm)2 :\/3[(1.6)( 2819] = 7812 Ibfir 7.812 kip in
- 8A 1+{1+(ZBSEJ2}
nd’S AS

_ 8(25.69 s 4 7.81¢ 23)82 V2
n(1.75)( 23.9 ' {1 [ (25.69( 64 ”

Sk
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n=0.96

Shoulder to the right of C
r/d=0.0625/1.3=0.048)/d=1.75/1.3=1.35

Fig. A-15-9: K{=2.0

Fig. A-15-8: Ki=1.7

Fig. 6-20: g=0.71

Fig. 6-21: gs=0.76

Eq. (6-32): K, =1+q(K,-1)=1+0.71(2.6- 1r 1.7

K,=1+q.,(K,~1)=1+ 0.76(1L.7 1F 1.5

1 3 -0.107
Eq. (6-20): Kk, = (ﬁ)} =0.855

Eqg. (6-18): S, =0.897(0.855)(32F 24.5 kpsi
For convenience, we will use the full value of Hending moment &, even though it
will be slightly less at the shoulder. Using Ef+9) withMp, = T, =0,

A=\a(KM,) = \[4(1.9( 675)] = 22950 I i 22.95 dp in

B=3(K,T,) =3 (1.9(2819] = 7324 bl i 7.324 kip in

U2
18 1+[1+ _ZBSﬂ

n mds AS
_ 8(22.99 1732 247 |
 n(1.3)(249 1{1{ (22.95( 69 ”
n=0.45

The critical location is at the shoulder to théntigf C, wheren = 0.45 and finite life is
predicted. Ans.

Though not explicitly called for in the problem tatiment, a static check for yielding is
especially warranted with such a low fatigue factiosafety. Using Eq. (7-15), with
Mm=Ta=0,

- 1/2
, 32K,M, ) (16K, T\
Opox = 3 +3 3
d d

_|[32(1.7)( 675()’_]2 +3{Mj2 ) = 55845 psk 55.8 Kpsi
(1.3’ n(1.3°
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This indicates localized yielding is predictedls¢ stress-concentration, though after
localized cold-working it may not be a problem. eTimite fatigue life is still likely to be
the failure mode that will dictate whether thisfslimacceptable.

It is interesting to note the impact of stress emi@tion on the acceptability of the
proposed design. This problem is linked with salvprevious problems (see Table 1-2,
p. 34) in which the shaft was considered to haverstant diameter of 1.25 in. In each of
the previous problems, the 1.25 in diameter wasertitan adequate for deflection, static,
and fatigue considerations. In this problem, e@ugh practically the entire shaft has
diameters larger than 1.25 in, the stress condemisasignificantly reduce the

anticipated fatigue life.

7-20

For a shaft with significantly varying diameterseows length, we will choose to use
shaft analysis software or finite element softwtarealculate the deflections. Entering
the geometry from the shaft as defined in Prob9,7ahd the loading as defined in Prob.
3-72, the following deflection magnitudes are deieed:

L ocation Slope | Deflection
(rad) (in)

Left bearingd | 0.00640; 0.00000
Right bearingC | 0.00434| 0.00000
Left GearA 0.00260, 0.04839
Right GeaB 0.01078| 0.07517

Comparing these values to the recommended limitable 7-2, we find that they are all
out of the desired range. This is not unexpedtezkshe stress analysis of Prob. 7-19
also indicated the shaft is undersized for infifife The slope at the right gear is the
most excessive, so we will attempt to increasdialheters to bring it into compliance.
Using Eq. (7-18) at the right gear,

oy _| N (0¥ )" _| 001078
dys | (slopd, | 0.0005 | '

Multiplying all diameters by 2.15, we obtain thdldaving deflections:

L ocation Slope | Deflection
(rad) (in)

Left bearingdD | 0.00030| 0.00000
Right bearingC | 0.00020| 0.00000
Left GearA 0.00012| 0.00225
Right GeaB 0.00050| 0.00350
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This brings the slope at the right gear just tolitihé for an uncrowned gear, and all
other slopes well below the recommended limitsr the gear deflections, the values are
below recommended limits as long as the diametteth s less than 20.

7-21 The most likely critical locations for fatigue aelocations where the bending moment is
high, the cross section is small, stress conceontrakists, and torque exists. The two-
plane bending moment diagrams, shown in the saolutid’rob. 3-73, indicate both
planes have a maximum bending momei.aAt this location, the combined bending
moment from both planes i = 4097 Nm, and the torque iE= 3101 Nm. The
shoulder to the right d will be eliminated since its diameter is only sligrsmaller,
and there is no torque. Comparing the shoulddredeft ofB with the keyway aB, the
primary difference between the two is the stresgentration, since they both have
essentially the same bending moment, torque, amed ¥/e will check the stress
concentration factors for both to determine whehritical.

Gear center Gear center
15 = | 400 rl 350 ,L 300 >
75
30 40 >0 | S 30
{ Lo v ¥4l 1 Y Cy
B = = -
+ T I !
—> L 30 f f i f 30 —J -
< 385 > < 285 >
< 425 < 325 >
< 1080 >

Table A-20: S =440 MPaS, = 370 MPa

Keyway at A
Assumingr / d = 0.02 for typical end-milled keyway cutter (p.536withd = 50 mm,
r=0.04=1mm.

Table 7-1:  K;=2.14Ks=3.0

Fig. 6-20: q=0.66

Fig. 6-21: gs=0.72

Eq. (6-32): K, =1+q(K, -1 =1+ 0.66(2.14 1F 1.8

K,=1+0,(K,~1)=1+0.72(3.6- 1F 2.4

Shoulder to the left of B
r/d=2/50=0.04D/d=75/50=1.5

Fig. A-15-9: K= 2.2
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Fig. A-15-8: Kis=1.8
Fig. 6-20: g=0.73
Fig. 6-21: gs=0.78
Eq. (6-32): K, =1+q(K,-1)=1+0.73(2.2 1F 1.9

K,=1+q(K,~1)=1+0.78(1.8 1F 1.6

Examination of the stress concentration factorgatds the keyway will be the critical
location.

Eq. (6-8): S, =0.5(440)= 220 MPa
Eq. (6-19):  k, =4.51(440)°**° = 0.899
50 -0.107
Eq. (6-20): = 2= =0.818
g. (6-20):  k, (7.62]
k. =k =k =1
Eq. (6-18): S, =0.899(0.818)(220F 162 MPa

We will choose the DE-Gerber criteria since thiansanalysis problem in which we
would like to evaluate typical expectations. Uskg (7-9) withMy, =T, =0,

A=\/4(Kf M, )" = /4[(18( 409)] = 14750 N m
B=3(K,T,) =3 (24(310)] = 12890 8 m
1: 8A » [1+ (&T]ﬂz
n s AS
8(14 750 2(1289 ( 16)( 1%))}2 -

:77(0.05(?)(163( 10) o 1{( 14754 430 1p

n=0.25 Infinite life is not predicted. Ans.

Though not explicitly called for in the problemt&i@ent, a static check for yielding is
especially warranted with such a low fatigue factosafety. Using Eq. (7-15), with

— 2 2 1/2
, 32|<f|v|aJ (1G<fsTmJ }
Umax = 3 +3 3
7rd d
- ) )2
- —32(1'8)(4297 +3 w =7.9§16) P& 798 MPa
77(0.050 71( 0.050
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This indicates localized yielding is predictedls stress-concentration. Even without
the stress concentration effects, the static fagftsafety turns out to be 0.93. Static
failure is predicted, rendering this proposed stafign unacceptable.

This problem is linked with several previous probte(see Table 1-2, p. 34) in which the
shaft was considered to have a constant diamet ofm. The results here are
consistent with the previous problems, in whichi8enm diameter was found to
slightly undersized for static, and significantlydersized for fatigue. Though in the
current problem much of the shaft has larger ttamb diameter, the added
contribution of stress concentration limits thedae life.

7-22

For a shaft with significantly varying diameterseows length, we will choose to use
shaft analysis software or finite element softwtarealculate the deflections. Entering
the geometry from the shaft as defined in Probl,7akd the loading as defined in Prob.
3-73, the following deflection magnitudes are deieed:

L ocation Slope | Deflection
(rad) (mm)
Left bearingO 0.01445 0.000
Right bearingC | 0.01843 0.000
Left GearA 0.00358 3.761
Right GeaB 0.00366 3.676

Comparing these values to the recommended limitable 7-2, we find that they are all
well out of the desired range. This is not unexpeésince the stress analysis in Prob.
7-21 also indicated the shaft is undersized fanitd life. The transverse deflection at
the left gear is the most excessive, so we wimaftt to increase all diameters to bring it
into compliance. Using Eq. (7-17) at the left ge@msuming from Table 7-2 an allowable
deflection ofy,; = 0.01 in = 0.254 mm,

A | NVo  _|QGT6Y" L o
dog | Yau | | 0.254 |

Multiplying all diameters by 2, we obtain the folliimg deflections:

L ocation Slope | Deflection
(rad) (mm)
Left bearingO 0.00090 0.000
Right bearingC | 0.00115 0.000
Left GearA 0.00022 0.235
Right GeaB 0.00023 0.230
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This brings the deflection at the gears just witthia limit for a spur gear (assumiRg<
10 teeth/in), and all other deflections well beling recommended limits.

7-23 (a) Label the approximate locations of the effectivetees of the bearings @sandB,
the fan a<C, and the gear d3, with axial dimensions as shown. Since therenlg one
gear, we can combine the radial and tangential fgeees into a single resultant force
with an accompanying torque, and handle the stptmislem in a single plane. From
statics, the resultant reactions at the bearing$edound to b&x = 209.9 Ibf andRs =
464.5 Ibf. The bending moment and torque diagrareshown, with the maximum
bending moment & of Mp = 209.9(6.98) = 1459 |bh and a torque transmitted fram
to C of T= 633 (8/2) = 2532 Inih. Due to the shaft rotation, the bending stesany
stress element will be completely reversed, wiietorsional stress will be steady.
Since we do not have any information about theiawill ignore any axial load that it
would introduce. It would not likely contribute wlucompared to the bending anyway.

1287

WAl 0,0) == [ |—— 7 ] -
e—— 275 — (485 —= - —| (LTS |
~— 2.0 —=| =7 |15 1.70 L7250 .40 e
— Lo I ] ¥ 4*—|_J—f E b r‘\i
T AR
E
=y
P
——|| =
B + w1 oA TN
I—\ 1 ke i /'__}3' FeOuES p k it \I :
Pl sl bl 7 R s -:‘-ke:'n'm' 8 4 = R
1 021,37~ 6.95 314+ |+—038
M
(Ibf - m) 1459
. 1115
| 245
2 x
T
Loies 2532
O X

Potentially critical locations are identified adldavs:
» Keyway atC, where the torque is high, the diameter is sraalll the keyway creates
a stress concentration.
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» Keyway atD, where the bending moment is maximum, the torquegh, and the
keyway creates a stress concentration.

» Groove at, where the diameter is smaller thabathe bending moment is still
high, and the groove creates a stress concentrafibere is no torque here, though.

» Shoulder aF, where the diameter is smaller thaDatr E, the bending moment is
still moderate, and the shoulder creates a stasseatration. There is no torque
here, though.

* The shoulder to the left & can be eliminated since the change in diametegris
slight, so that the stress concentration will uritedly be much less than&t

Table A-20: S, = 68 kpsi.S, = 57 kpsi
Eq. (6-8): S, =0.5(68)= 34.0 kpsi
Eqg. (6-19): k, =2.70(68)°***= 0.883
Keyway at C

Since there is only steady torsion here, only ticstheck needs to be performed. We'll
use the maximum shear stress theory.

=—=———+—72=12.9 kpsi
3 n{1.00) /32 P
S,/2 _57/2
Eq. (5-3): n=—"t—="-—-=221
9. (53) A 12.9
Keyway at D

Assumingr / d = 0.02 for typical end-milled keyway cutter (p.536withd = 1.75 in,
r =0.021=0.035in.

Table 7-1:  K;=2.14K=3.0

Fig. 6-20: g=0.66

Fig. 6-21: gs=0.72

Eq. (6-32): K, =1+q(K,-1) =1+ 0.66(2.14 1y 1.8

K,=1+q,(K ,~1)=1+ 0.72(3.6- 13 2.4

-0.107
Eq. (6-20): k = (é'—;‘gj -0.828

Eq. (6-18): S, =0.883(0.828)(34.05 24.9 kpsi

We will choose the DE-Gerber criteria since thiansanalysis problem in which we
would like to evaluate typical expectations.
Using Eq. (7-9) wittM,, = T, = 0,
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A= :\/4[ (1.8(1459] = 5252 IbB i 5.252 kip in

B:\/ KiT) \/3[ (2.4( 253;] 10525 Ibfl i 10.53 kip in

1_8A 1+[1+(2'3Se ﬂ
n ’ AS

8(5.252 4 10.5§ 249 -
(17§ 249 ( (5.259( 63}

n=3.59

Groove at E

We will assume Figs. A-15-14 is applicable sinae2hin diameter to the right of the
groove is relatively narrow and will likely not al the stress flow to fully develop. (See
Fig.7-9 for the stress flow concept.)

r/d=0.1/155=0.065 D/d=1.75/155=1.13
Fig. A-15-14: K= 2.1
Fig. 6-20: g=0.76
Eq. (6-32): K, =1+q(K, -1)=1+0.76(2.+ 1F 1.8

0.30
Eq. (6-18): S, =0.883(0.839)(34F 25.2 kpsi

0.107
Eq. (6-20): Kk, = (1—55j =0.839

Using Eq. (7-9) wittM, = T, =T, =0,

A=\/4(Kf M, ) =\/4[(1.a(1115]2 = 4122 Ibfl i 4.122 kip in

(4.129 22
(15?)(253{1 [H(O)] ]

n=4.47 Ans.
Shoulder at F

r/d=0.125/1.40=0.089, D/d=2.0/1.40=1.43
Fig. A-15-9: K;=1.7
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Fig. 6-20: g=0.78
Eq. (6-32): K, =1+q(K, -1)=1+0.78(L.7 1F 15
1.40)
Eq. (6-20): = = =0.848
g. (6-20): Kk, ( 0.30]
Eq. (6-18): S, =0.883(0.848)(34F 25.5 kpsi
Using Eq. (7-9) wittM, = Ta =Ty =0,
A=\4(KM,)" =\[4[(19(84§] = 2535 bir 2.535kp in
B=0
2 1/2
RN
n A3
8(2.539 [ T/z]
n1(1.40)( 25. 5)
n=>5.42 Ans.

(b) The deflection will not be much affected by theadlstof fillet radii, grooves, and
keyways, so these can be ignored. Also, the stigimheter changes, as well as the
narrow 2.0 in diameter section, can be neglect¥d.will model the shaft with the
following three sections:

Section | Diameter | Length
(in) (in)

1 1.00 2.90

2 1.70 7.77

3 1.40 2.20

The deflection problem can readily (though tediguise solved with singularity
functions. For examples, see Ex. 4-7, p. 173he@sblution to Prob. 7-24. Alternatively,
shaft analysis software or finite element softwasey be used. Using any of the
methods, the results should be as follows:

L ocation Slope | Deflection
(rad) (in)

Left bearingA | 0.000290, 0.000000

Right bearing@ | 0.000400, 0.000000

FanC 0.000290] 0.000404

GearD 0.000146/ 0.000928
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Comparing these values to the recommended limitable 7-2, we find that they are all
within the recommended range.

7-24  Shaft analysis software or finite element softwaae be utilized if available. Here we
will demonstrate how the problem can be simplied solved using singularity
functions.

Deflection First we will ignore the steps near the beariwbere the bending moments
are low. Thus let the 30 mm dia. be 35 mm. Secqnldé/55 mm dia. is very thin, 10
mm. The full bending stresses will not develophat duter fibers so full stiffness will not
develop either. Thus, ignore this step and letiheneter be 45 mm.

Statics Left support:R =7(315- 140)/31% 3.889 kN
Right supportR, =7(140)/315= 3.111 kN

Determine the bending moment at each step.

xmm) 0 40 100 140 210 275 315
M(N-m) O 15556 388.89 544.44 326.67 124.44 O

I35 = (7164)(0035") = 7.366(10%) m’, 140 = 1257(10°) m*, 145 = 2013(10") m*

Plot M/l as a function ok.

x(m) M/ (10° N/m) Step Slope  ASlope

0 0 52.8

0.04 2.112

0.04 1.2375 —0.8745 30.942 -21.86
0.1 3.094

0.1 1.932 -1.162 19.325 -11.617
0.14 2.705

0.14 2.705 0 -15.457 -34.78
0.21 1.623

0.21 2.6 0.977 -24.769 -9.312
0.275 0.99

0.275 1.6894 0.6994 -42.235 -17.47
0.315 0
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MUT(10° N/m™)

0 | | | | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

X immn)

The steps and the change of slopes are evaluatbd table. From these, the function
M/I can be generated:
M /1 =[528 - 0.8748x~ 0.0 - 218&- O0fs+ 1162~ )01
~11.617x - 0.X - 34.7&- 0.34+ 097x- 0)21
-9.312x -~ 0.2 + 0699~ 0275~ 174%- 0375 °10

Integrate twice:

Ej—i = [26.4x2 - 0.874%x- 0.04- 104%- 054 1162~ Y.1
-5.81x - 0.}° - 17.39x- 0.14+ 0.97%- 01
~4.655x~ 02 + 0.699&~ 0275~ 8786~ 0275 G| 10
Ey=|8.8¢ - 04378x~ 00§ - 364%- OP4- 058~ 1
-1.937(x - 0. - 5.797x - 0.1% + 0.48§%x- 01
-1.552(x - 0.21° + 0.349(x - 0.275- 2.942- 0.27% Gx+ g} °10
Boundary conditionsy = 0 atx = 0 yieldsC, = 0;
y=0 atx = 0.315 m yieldsC; = 0295 25 N/m.

Equation (1) withC; = —0295 25 provides the slopes at the bearings and Gear
following table gives the results in the secondiomt. The third column gives the results
from a similar finite element model. The fourthwmin gives the results of a full model
which models the 35 and 55 mm diameter steps.

X (mm) 6 (rad) F.E. Model Full F.E. Model
0 —0.001 4260 —0.001 4270 —0.001 4160
140 —0.000 1466 —0.000 1467 —0.000 1646
315 0.001 3120 0.001 3280 0.001 3150
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The main discrepancy between the results is ajehe locationX = 140 mm). The larger
value in the full model is caused by the stifferrbd diameter step. As was stated
earlier, this step is not as stiff as modeling iicgtes, so the exact answer is somewhere
between the full model and the simplified model etthin any event is a small value. As
expected, modeling the 30 mm dia. as 35 mm doeaffedt the results much.

It can be seen that the allowable slopes at therigsaare exceeded. Thus, either the load
has to be reduced or the shaft “beefed” up. Ilfalf@vable slope is 0.001 rad, then the
maximum load should bén.x = (0.002/0.001 426)7 = 81 kN. With a design factor this
would be reduced further.

To increase the stiffness of the shaft, apply E€Lg) to the most offending deflection (at
x = 0) to determine a multiplier to be used fordidimeters.

o, | (0 ), [ _|@)(0.0014260f" _ .
dyq ‘ (slopg), ‘ | 0.001 | '
Form a table:
Oldd, mm 20.00 30.00 35.00 40.00 45.00 55.00

New ideald, mm  21.86 32.79 38.26 43.72 49.19 60.12
Rounded um, mm 22.00 34.00 40.00 44.00 50.00 62.00

Repeating the full finite element model results in

x=0: 6 = -930x 10* rad
Xx=140 mm: 8 =-109x 10*rad
x=315mm: 6 = 865x 10%rad

This is well within our goal. Have the studentsdrgoal of 0.0005 rad at the gears.
Strength Due to stress concentrations and reduced slaafteders, there are a number of

locations to look at. A table of nominal stressegiven below. Note that torsion is only
to the right of the 7 kN load. Using = 32V/(7/d°) and r = 16T/(7zf),

X(mm) 0 15 40 100 110 140 210 275 300 330
oc(MPa) 0 22.0 37.0 619 478 609 520 396 176 O
r(MPa) 0 O 0 0 0 6 8.512.7 20.2 68.1
o(MPa) 0 220 370 619 478 618 531 453 39.2 118.0

Table A-20 for AISI 1020 CD steelS= 470 MPa, S, = 390 MPa

At x=210 mm:
Eqg. (6-19):  k, =4.51(470)°**= 0.883
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Eqg. (6-20): k, =(40/7.62)**"= 0.837

Eqg. (6-18): S =0.883(0.837)(0.5)(470) = 174 MPa
D/d=45/40=1.125,r/d=2/40=0.05

Fig. A-15-8: Ki=14

Fig. A-15-9: K;=19

Fig. 6-20: g=0.75

Fig. 6-21: gs=0.79

Eqg. (6-32): Ki=1+0Q75(19 -1) = 168
Kis=1+Q79(14 - 1) =132

Choosing DE-ASME Elliptic to inherently include theeld check, from Eq. (7-11), with

Mn=Ta=0,
2 2 1/2
1 16 1.68(326.67 1.32(107)
g 4 +3
n 77(0.043) 17z( 16) 39() 1?)
n=1.98
At x =330 mm:

The von Mises stress is the highest but it coma® the steady torque only.

D/d=30/20=15,r/d=2/20=0.1
Fig. A-15-9: Ki=1.42
Fig. 6-21: gs=0.79
Eq. (6-32): Kfs=1+Q79(142-1) =133
Eq. (7-11):

177(01—32)(@){%%)@

n=2.49

Note that since there is only a steady torque(Ed.1) reduces to essentially the
equivalent of the distortion energy failure theory.

Check the other locations.

If worse-case is at= 210 mm, the changes discussed for the slopeioriteill
improve the strength issue.

7-25 and 7-26 With these design tasks each student will traviégint paths and almost all
details will differ. The important points are
» The student gets a blank piece of paper, a stateshé&mction, and some constraints
— explicit and implied. At this point in the courghis is a good experience.
* Itis a good preparation for the capstone desigmsen
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» The adequacy of their design must be demonstraiggassibly include a designer’s
notebook.

* Many of the fundaments of the course, based orte¢kisand this course, are useful.
The student will find them useful and notice thatshe is doing it.

* Don't let the students create a time sink for thelires. Tell them how far you want
them to go.

7-27 This task was once given as a final exam probl&his problem is a learning experience.
Following the task statement, the following guidamas added.
» Take the first half hour, resisting the temptatidiputting pencil to paper, and decide

what the problem really is.

» Take another twenty minutes to list several posgibinedies.
* Pick one, and show your instructor how you woulglement it.
The students’ initial reaction is that he/she doasknow much from the problem
statement. Then, slowly the realization sets it iy do know some important things
that the designer did not. They knew how it failetiere it failed, and that the design
wasn’t good enough; it was close, though.
Also, a fix at the bearing seat lead-in could tfanthe problem to the shoulder fillet, and
the problem may not be solved.
To many students’ credit, they chose to keep tlaé glgometry, and selected a new
material to realize about twice the Brinell hardnes

7-28 In Eq. (7-22) set

4 2
_ buio| A= d
64 4
to obtain

~(IEE

_Yw |y
4=\ 4E @

or

(a) From Eq. (1) and Table A-5

:( K ﬂo.ozsj 9.81207)(10 ) oo i Ans
0.6 4 76.510) '
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(b) From Eq. (1), we observe that the critical speddhearly proportional to the
diameter. Thus, to double the critical speed, maukl double the diameter tb= 50
mm. Ans.

(c) From Eg. (2),

_md |gE
w=—— |[=—
41\ y

Sinced / lis the same regardless of the scale,

lw=constant 0.6(883} 529.8

w:%:ﬂ% rad/s Ans .

Thus the first critical speed doubles.

7-29 From Prob. 7-28p=883 rad/s
A=490910') M, 1= 1.91f 16) fm,y= 76510 Nim

E=207(10 ) Pa, w=Ayl= 4.9¢9 19 7650 (0=6) 22.53N

One element

Eq. (7-24):

_03(0.3(0.6-03- 0§ .
%= 6(207) 16) (1.917) 16) (0.651'134( 10°) N

Y, =w,0,,=22.53(1.134) 16)= 255510 m
y; =6.528 10")

Swy =22.53(2.555) 10) = 5.756 1t)

Swy® = 22.53(6.528) 10°)= 1.471 10)

5.75¢ 10*
W = gZLyz = 9-81L8) = 620 rad/s (30% low)
Swy 1.479 10°)

Two elements:

11.265H 11265 H

+— 130 mm —sfe— 1530 mm——0|s—o liﬂﬂuu—!-l-i— 150 mm—
L § y
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0.45(0.15{ 0.6- 0.45- 0.7}
511_522: =
6(207) 16) (1.917) 16) (0.6)

_ 0.15(0.15)(0.6— 0.15- 0.£5)

%= 0= 6(207) 16) (L.917) 18) (0.6) 4.96110) miN

6.379( 107) m/N

Y = Y, = w0, +w J,,=11.265(6.379) 10)+ 11.265(4.941) )= 1.477°0 m
y; = y; =1.63210%)

Swy = 2(11.265)(1.277) 16)= 2.8(7 10

Swy® = 2(11.265)(1.63%) 10°)= 3.6{7 19

= (9.8 2'877(104) =876 rad/s (0.8% |
= 9. 3.677(109) = rad/s (0.8% low)

Three elements:
751N 75N TN

] 00 mm-—=fe— 20 mm——
b

200 mm —= 100 mm—
¥ ¥

_ 05(0.1) 0.6- 05- 03 ,
% 533_6(207)( 16) (1.917) 10) (0.633'500( 107) mN

_ 03(0.3(06-03- 03§ 3
%™ 6207 16) @ o17 10) o A1)

_0.3(00.1{ 0.6- 0.3- 07 ,
% 532_6(207)(1(3) (1.917) 16) (0.635'460(10) miN

0.1(0.17{ 0.6- 01~ 03 ,
%s = 6(207) 16) (L.917) 18) (0.6) 2:38¢(107) miN

y,=7.51 3504 10)+ 5.460 10)+ 2.307)|= 841690
y,=7.51 5.46¢ 10)+ 1.134 10)+ 5460 1p|= 1.47290
Y =7.51[ 2.38¢ 10)+ 5.460 10)+ 3.500 igﬂ = 841690
Zwy=7.51[ 8.51¢ 10)+ 1.672 1)+ 8.5(6 “fg)]= 2.43540

Swy? =7.51{[8.51e§ 1@)]2{ 1672 IB)T+[ 8.5(6 “fﬂz} = 348990
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3.189( 109)

v
7] =\/9.8!{m] = 883 rad/s

The result is the same as in Prob. 7-28. The paistto show that convergence is rapid
using a static deflection beam equation. The metinrdks because:

» If a deflection curve is chosen which meets thenlamy conditions of moment-
free and deflection-free ends, as in this problém strain energy is not very
sensitive to the equation used.

» Since the static bending equation is available,ragdts the moment-free and
deflection-free ends, it works.

7-30 (a) For two bodies, Eq. (7-26) is

(rnl5ll_l/a)2) mzdlz
ml521 (nbdzz_llwz)

Expanding the determinant yields,
(ijz-(mﬁ rmay)| | mmos. 5800 @
(4)2 11 2 &{2 1Y 22 1

Eqg. (1) has two roold «f and 1k .Thus

oaloa)

G @ e

Equate the third terms of Egs. (1) and (2), whvalst be identical.

or,

%iz:mlmz(anazz—dlgzg = El:wimlmgdé 270 8 X

and it follows that
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_1 \/ g?
w, =— Ans
@\ ww,(8,0,,-9,9 )

(b) In Ex. 7-5, parthy), the first critical speed of the two-disk sha#t & 35 Ibf,
w =55 Ibf) isaw = 124.8 rad/s. From part (a), using influenceffacients,

1 386
= =466 rad/s Ans.
“ 124.8\/ 35(55) 2.061(3.534) 2.234( 1

7-31 In Eq. (7-22), fora, the term/1 / A appears. For a hollow uniform diameter shatft,

d4_d /64:\/i(d02+q2)(q,2_ qlz):} R
n(dz-d?)/a 16 &-d 4y o

@ U

This means that when a solid shaft is hollowed gt critical speed increases beyond
that of the solid shaft of the same sizeAns.

By how much?

@/ 4)Jd2+d? /
S @andz do

The possible values @ are 0< d < d, so the range of the critical speeds is

w~1+0 to abouteyv1+1
or from ¢ to \/_Za)l

For the specific case where the inner diametealisof the outer diameter, the ratio of
the critical speeds is

ANS.

7-32  All steps will be modeled using singularity funct®with a spreadsheet. Programming
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both loads will enable the user to first set theltad to 1, the right load to 0 and
calculated; andd;. Then set the left load to 0 and the right to 1dbdy, and .. The
spreadsheet shows thg andd,; calculation. A table foM /| vs.xis easy to make.
First, draw the bending-moment diagram as showh thig data.

X 0 1 2 3 4 5 6 7 8
M 0 10875 1.75 1625 15 1.3751.25:1.125 1
2
_15 /AN
< / \
5 1 / \
20.5 \
0 T T T T T T T
0 2 4 6 8 10 12 14 16
x (in)
X 9 10 11 12 13 14 15 16
M 10.875 0.75 0.625 0.5 0.375 0.25: 0.125 O

The second-area moments are:

O<xs<linand 1% x< 16in, I, =77( 9 /64 0.7854%n
1<x<9in, 1,=7(2472) /64 1.833ih
9sx<15in, I,=7(2.768) /64 2.861fh

Divide M by at the key pointg = 0, 1, 2, 9, 14, 15, and 16 in and plot

X 0 1 1 2 2 3 4 5 6 7 8
M/ 0 1.11410.47740.9547 0.9547 0.88650.8183 0.7501 0.6819 0.6137 0.5456

X 9 9 10 11 12 13 14 14 15 18 16
M/l 1 0.47740.3058 0.2621 0.21850.1748 0.1311 0.0874 0.0874 0.0437 0.1592 O
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1.2

M1 (Ibffin3)
o
(o)}

10

x (in)

12

14 16

From this diagram, one can see where changedue (gteps) and slope occur. Using a
spreadsheet, one can form a table of these chafigesxample of a step is, at 1 in,

M/I goes from 0.875/0.7854 = 1.1141 Ib¥/in 0.875/1.833 = 0.4774 IbfAina step
change of 0.4774 1.1141 = 0.6367 Ibf/iri. A slope change also occurs akat 1 in.
The slope for @ x< 1 in is 1.1141/1 = 1.1141 Ibfinwhich changes to (0.9547
0.4774)/1 = 0.4774 Ibflfn a change of 0.47741.1141 = 0.6367 Ibf/irf. Following

this approach, a table is made of all the charfestable shown indicates the column
letters and row numbers for the spreadsheet.

A B C D E F

1 X M M/l step Slope | A Slope
2 la 0.875 | 1.11408%.00000d 1.114085 0.000000
3 1b 0.875 | 0.4773580.6367270.477358-0.636727
4 2 1.75 | 0.95471p0.00000Q 0.477358 0.000000
5 2 1.75 | 0.95471p0.00000Q-0.068194-0.545552
6 9a 0.875 | 0.477358.00000(0-0.0681940.000000
7 9b 0.875 | 0.3058540.171504-0.0436930.024501
8 14 0.25 | 0.08738|M.000000-0.0436930.000000
9 14 0.25 | 0.08738|0.000000-0.0436930.000000
10 15a 0.125| 0.043698.000000-0.0436930.000000
11 15b 0.125 | 0.15915%.115461-0.15915%-0.115461
12 16 0 0.0000000.000000-0.15915%0.00000Q

The equation foM / | in terms of the spreadsheet cell locations is:

M/1=E2(x)+D3(x-1"+ Fgx- ¥ + Féx- ¥
+D7 (x=9)" + F7(x- 9"+ D11 x- 15+ Fl{x- 15
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Integrating twice gives the equation ffy. Assume the shaft is ste@®oundary
conditionsy = 0 atx = 0 and ak = 16 inches provide integration constar@is € — 4.906
Ibf/in andC, = 0). Substitution back into the deflection equatiox at2 and 14 in
provides thed’s. The results arek; = 2917(107) andd, = 1.627(107). Repeat for
F1 =0 andF, = 1, resulting ind; = 1.627(10") and &, = 2231(107). This can be
verified by finite element analysis.

y, =18(2.917)10 * 32(1.627)(10 3 1.046(f0 )
y, =18(1.627)(10 ¥ 32(2.231)(10 3 1.007(%0 )
y? =1.093(10"), y? = 1.014(16° )

> wy =5.10510"), > wy* = 5.212(10 )

Neglecting the shaft, Eq. (7-23) gives

4
@ = 386m)= 6149 rad/s or 58720 rev/minAns
5.212(10° )

Without the loads, we will model the shaft usingl@ments, one betweerek < 9 in,
and one between9x < 16 in. As an approximation, we will place theirigigs at
Xx=9/2=45in,and =9 + (16— 9)/2 = 12.5 in. From Table A-5, the weight density
steel isy = 0.282 Ibf/irf. The weight of the left element is

wl=ylzTZd2I =o.282(’—3[ 2(3+ 2.472( p|= 1.7 Ibf

The right element is

w, ==o.282(’7:j[2.763( B+ 2( )= 11.0 Ibf

11.7 Ibf 11.0 Ibf
451 45in .+ 35iIn 351n
"7 BT o o S ﬁl‘i -
|

T 91n T
R 1 RQ

The spreadsheet can be easily modified to give

5,=9.60510) , 5,=09,= 5.718 10) 4,,= 5.4{2 1]
y,=1.75410°) , y, = 1.27{1 16)

y? =3.07210") , y7 = 1.616 109

Y wy=3.44910") ,> wy’ = 5.37( 106)
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{3.449( 104)]
W = |38 —————+ | = 4980 rad/s
5.37]( 109)

A finite element model of the exact shaft givas= 5340 rad/s. The simple model is
6.8% low.

Combination Using Dunkerley’s equation, Eq. (7-32):

1 1 1
== 4= [0 3870 rad/s Ans..
wf 6149 4980 “

7-33 We must not let the basis of the stress concémtrédctor, as presented, impose a view-
point on the designer. Table A-16 sha¥ysas a decreasing monotonic as a function of
a/D. All is not what it seems. Let us change thed#msidata presentation to the full
section rather than the net section.

p— — I !
r= KtsTO - KtsTO

32T (32T
-2 [ )
JTAD D
Therefore
v _ Ky
Ky =
Form a table:
(a/D) A Kis K,
0.050 0.95 1.77 1.86
0.075 0.93 1.71 |.84
0.100 0.92 1.68 .83 «— minimum
0.125 0.89 1.64 .84
0.150 0.87 1.62 1.86
0.175 0.85 1.60 |.88
0.200 0.83 1.58 .90

K, has the following attributes:

* It exhibits a minimum;
» It changes little over a wide range;

* Its minimum is a stationary point minimumaat D”g 0.100;
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» Our knowledge of the minima location is
0.075< @ /D)< 0.125

We can form a design rule: In torsion, the pin dééan should be about 1/10 of the shaft
diameter, for greatest shaft capacity, thaars,0.10D.  Ans.

However, it is not catastrophic if one forgets thie.

7-34  From the solution to Prob. 3-72, the torque téraesmitted through the key from the
gear to the shaft i = 2819 Ibfin. From Prob. 7-19, the nominal shaft diameter
supporting the gear is 1.00 in. From Table 7-6,25 in square key is appropriate for a
1.00 in shaft diameter. The force applied to tbg ik

F _T__2819 =5638 Ibf
r 1.00/2
Selecting 1020 CD steel for the key, w8/ 57 kpsi, and using the distortion-energy
theory,Sy= 0.577S, = (0.577)(57) = 32.9 kpsi.
Failure by shear across the key:
F_F
T e
At
S 1.
-S. 8 onR_ LUSEY o0,
T F/t tS,, 0.25(32900
Failure by crushing:
S .
o=f=F ,-5%. 8 220 25639(L) g0
A (t/2)1 o 2F (1) tS, 0.255%( 16)
Select Ys-in square key, 7/8 in long, 1020 CD steéhs.
7-35 From the solution to Prob. 3-73, the torque téraesmitted through the key from the

gear to the shaft i = 3101 Nm. From Prob. 7-21, the nominal shaft diameter
supporting the gear is 50 mm. To de