Chapter 3

31 R.
M, =0 -
18R, — 6(100)= (

R; =33.3Ibf Ans
5F, =0 o
100 1bf
R, + R, —100= C R, Ry
R, =66.7 Ibf Ans i | iRB
R.= R =333Ibf Ans K © )
) 6 1n 12 1n

3-2
BodyAB: R
SF, =0 R.=R, 17 i

Bx
5F, =0 R, =R,
M, =0 R,,(10)- R,,(10)= O )
RAx = RAy RAx ‘
R 100 Ibf
R, A
Body OAC y R,, 1
M, =0 R,,(10)—100(30)= ( ) o= 40— R, )(,,
R, =300 Ibf  Ans 7 10 in Llo in Ll(‘) in J

2F,=0 R,,=—-R,,=-300Ibf Ans
2F,=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
34 45 m—]
Step 1: FindRa & Re c o
i 401} 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(}
R =8.2kN Ans
5F, =0 T ’
82-9-5+tR =C 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 check

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
— _ P M
M, =-2160+ 240(6) - 720 bDin Ans M
|v|3=—720+% (240)(6)F 0 check 0

- 808
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¥y 2EN 4 kN
3-7

M, =0 0 1.2m l lm 7 Im l .
—2.2R +1(2) 1(4)F ( . “ IR ¢
R=-0.91kN Ans v L
SF, =0
~0.91- 2+R, - 4= ( . .
R,=6.91kN Ans - 0.91
-2.91
M
M
M, =-0.91(1.2)=- 1.09 kNOm 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
Seans L
From symmetry, o ) B Bl —
R=V,=200bf Ans g, ‘ , J |/, Ry
4in | 4in !B 2 in 10 i
BeamBD:
M, =0

200(12)- R, (10 40(10)(5F
R, =440 Ibf Ans

ZF, =0

—200+ 440- 40(10y R, =
R, =160 Ibf Ans
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Hine .
e 40 Ibt/in

l /C(Rllllllllln_\.

M, =200(4)= 800 Ibfdin Ans

M, =800- 200(4F= O checks at hin o
M, =800- 200(6)} — 400 Ibflin Ans Ry
M, = —4oo+% (240)(6)= 320 Ibflin Ans )

M5:320—% (160)(4E= O check

T T
41n

. 1 . H
4in 2in 10 in

240

39
q=R (%" -9(x-300"- 5 x- 1200 '+ R( x 1500
V =R -9(x-300° - § x- 1200’ + R( x 1500
M =R x-9(x-300 - 5 x- 1200 + B{ % 1500

At x=1500 V=M =0. Applying Egs. (1) and (2),
R-9-5+R=0 = R+ R=14

1500R - 9(1506- 300} 5(1500 1208) 0= R =
R,=14-8.2= 5.8 KN  Ans

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

8.2 kN Ans

M= 82 9 308 &8 2700N m

1200< x< 1500:V= 8.2 9 5- 58kN

M= 82 9 3P85(x-1200)=-5.&+ 8700 NI r

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

Shigley's MED, 18 edition
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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- 508 40(- 14— 40 800 Ibf
M = 740- 8086500(x— 8)- 20&— 143=- 262+ 808- 8000 Ik

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

311
q=R(X -2(x-127+ B({ x 237~ 4 x 33"
V=R-2(x-12"+ B(x 223°- 4 x 3% |

M=Rx-2(x-12"'+ B{ %223 - 4 x 3.¥ (
atx=3.Z,V =M= 0. Applying Egs. (1) and (2),

R-2+R-4=0 = R+ RB= 6 (3)
32R-22*+rR 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=- 099 kN m
1.2<x<22: V=-09% 2- 291 kN

M=- 0%t 2 12 28t 24 KNm
22<x<3.2: V=-09% 2 6.9% 4 kN

M=- 0.t 2¢1.2)+6.91- 2.2F 4&- 12.8 kN |

Plots ofV andM are the same as in Prob. 3-7.
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3-12
q=R<x>‘l—400< X— 4}"1+ R( >e1()_1— 44 x 1§)°+ 40 x 2)(5’+ R x %}(_)1
V=R-4000x 4+ RO 10"~ 40 1+ 40x 20+ R x 26
M :Rlx—400<x—4>l+ 3()(—1()1— 2@ x 1§)Z+ 20 x 2}6+ R x 2}6

M=0atx=8inJ & - 40K-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(10F 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 [Bf 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

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=2.25]=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[ |+ 12 +4(0.25 )}——2(\/_2 j_ 0.207 Ans .

for | = 10 in,w = 100 Ib{ a = 0.207(10) = 2.07 in
M., =(10Q 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

=122 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 cwn

14

X
1 16
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
g, =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 kpsi

o, =0 kpsi
0, =0, =—4 kpsi

_10-(=4)_
BT, T

7 kpsi

Iy, :1—20:5 kpsi

Ty3 :%_4) =2 Kpsi

Shigley’s MED, 1¢' edition Chapter . Solutions, Page 16/100



(b)

C=%)=5 kpsi

10-0

CD=———=5Kpsi
> p

R=+/5 +4° = 6.40 kpsi

0, =5+ 6.40= 11.40 kpsi

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

I,; = R=6.40 kpsi, I'M—T— 5.70 kpsi, 7,

(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 Kkpsi

(10, 107

o, =0 Kkpsi
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 —( 150
-[-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

Ty, =7.69 kpsi

T (kpsi)

T113

Tys= Mlz 16.19 kpsi

-26.71

=1y, =204 2071 53 g8 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% - 4002 - 2 00@ + 48 006 O

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

T3

_60-20

Ty, =20 kpsi

of0)  20(A0y

T3

20
= 20%40_ 54 s

Ty

Tk = rmzwz 50 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)¢ 40X 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
Ty, =Ty3= rmax=%) =45 MPa Ans olo 5o 7 MPa)
3-23

o= - 15000 45050 psi 34.0 kpsi Ans

A (m4)(0.78)
o= FL L =33 950i 0.0679 in Ans .

AE UE 30(10)

o _0.0679 6

=—= =113Q 10 113 Ans .

T g0 H3o107)= 113w
From Table A-5y = 0.292
6, = -v = -0.292(1130) - 330 Ans .
Ad =0,d =-330(10°) (0.75) - 248 16) in Ans

3-24

U=E=ﬂ =6790 ps= 6.79 kpsi Ans

A (n/4)(o 78)

_FL_ L.

0— 0.0392 in Ans .

10.416)
q:ézwzess(loﬁ):sw Ans .

From Table A-5y = 0.333
0, =-v =-0.333(653F - 21Z Ans .
Ad =6,d =-217(10°) (0.75 - 166 18) in Ans

Shigley's MED, 18 edition
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3-25

= Ad _ 00001 _ ;) 40,
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

0:5—LE: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:0£:20 OOOM: 0.185in Ans
AE E 10.4(1(?)
3-27
J:E:JL:MO(M)L: 0.00586 '+ 5.86 mm Ans
AE 71.7(1(3)
3-28
5=t oot 2150001942 - 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 Crasneite,

EQ, —v‘
S By 1 _B+vEy, _E(4+Ww)
<11 - 1-V? 1-Vv*
-v 1
Likewise,
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E(o, +vo
Uy =—(1y_V2 X)

From Table A-5E = 207 GPa and = 0.292 Thus,
. E(o,+w,) 207(106)[ 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,

B, -
B0, 1] Ed +VE, _ E(a +w)

1 - 1-V? 1-Vv
-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 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 (33

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

I—CF M_ = Rla:T—C =

AnNs.

=s* Ans
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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* b 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 oW's
- . .
| =x,—d
R. = 3 3 [
S
Under wheel 3,
_ _(1=%,—d,) )
M; =R -Wa,- V\é%_l— Wx Wa- W;:
For maximum,dlv|3 =0=(1-d,- 2x3)% = X 104
dx, I 2
. (1-d,)’
Substitute intoM = M, :TV\Ir -Wa,-Wa,
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:%lz 26.1 kip

476 _ (1200- 238)

Wheel 1:d, == ==238n, M, 20200) (104.45¥ 20128 Kip

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

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

Check if all of thevheels are on the .

21605 kip in M, _,

Ans .

(b) X =0600— 77= 523 in Ans.

(© See above sketc
(d) Inner axles

3-34
() Leta = total areaf entire envelog
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(1.875}F 0.7031251n

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 25705 | = 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
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Y, =6.25 mmy, = 50 mmy. = 50 mm
< 10 000(50)- 5625(50) 625(6.25)

y= 57.29 mm Ans
3750
¢, =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 6.2F|
,=4.2916) if Ans.

(d)
A =4(0.879= 3514 ¢
A =2.50.879= 2.1875 fn R ) SERS—
A=A+ A =5.6875irt o228
_ 2937 3.5+ 1.25(2.1875)

y= =2.288in Ans e 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 10 mit %

1500 N |3000 N

150 mm

A=20(40)= 800 mrh

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

o= MC - 450 000(20) o) 5 Mpa Ans e ,
1.067 16)
-3000
Due to V, Imaxis betweerA andB aty = 0.
M 450
L e =Y :§(@(ﬁ =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)= ( | .
R, =1200 Ibf 400 ‘
R, =1200- 100(8)= 400 Ib
M, is atA. At the top of the beam, (i)
o =Mc_320008)_, 00 o an . ~~
I 0.6667 i
Due toV, 7, is atA, aty = 0.
Trax = 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)= 1.5 i 5in ] 15 in ] 5in
*M, =0 2666.7 Ibf 1333.3 Ibf
15R, —1000(20% | . ' -
RB =1333.3 Ibf i 1000
R, =3000- 1333.3 1006 2666.7 |
0 X
l
M .. IS atB. At the top of the beam, 3333
I Me _ 5000@1)_ 10000 psi Ans M
| Nm)
; \/
Due toV, 1, is betweerB andC aty = 0. 5000

Tmax
2A 2

3V _ 3(1000
1.5

—j =1000 psi Ans

Shigley's MED, 18 edition
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3-38 6 kKN/'mm
4 4
I:nd :72(50) 2306.79416) mrb ,,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) 208, = J B, |
R, =1350 kN .
R, = 6(300)- 1350= 450 ki (KN |

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

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

Ome =TT T 306796
Due toV, 1, Is atA, aty = 0.
T Sadd :ﬁ(ﬂj =0.509 kN/mni = 509 MPa Ans
3A 31963
3-39
M :u)_l2 :ZUI_?C :—Samaxl
g gl cl?
(@) |=48in; Table A-8,] = 0.537 it
8(12)(16)( 0.53
= ( )( )( 7:22.38 Ibf/in  Ans
1(48)
(b) 1=60in,1=(213( 3 3)-(A1Y 1.6 2.625= 2.051
8(12)(16)( 2.05
= ( )( )( ).=36.5 Ibf/in  Ans
(1.5)(60)
(c) 1=60in; Table A-6, = £ 0.703= 1.406%
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“):3.062( 10%) if ,A:Z—Z( 03= 0.19631

Model ()
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

Toox = =—==——--=3400 psF 3.4 kpsi Ans
3A 30.1963

218.75 Ibflin

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

Toax = 4y _4 500 _ 3400 pskE 3.4 kpsi Ans
3A 30.1963

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

_ Mc _ 218.75(0.25)
g=—=—7" r" -
I 3.064 10°)
o =17 825 psF 17.8 kpsi Ans .
_ 4V _ 4 500

Toox = =— =—=——-=3400 psF 3.4 kpsi Ans
3A 30.1963

1333.3 Ibf/in

4 0.5 in 0.51in
0.751in
1000 Ibf/in 1000 Ibffin
V (1bf)

500

-500

M 218.75
(Ibfm)l )5 125

1000 1bf
0.625 in
| 1.25 in I
500 Ibf 500 Tbf
¥ (1bf) 500

0

0 3

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)

&) *

Shigley's MED, 18 edition
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3-41 222.2 N/mm

T T
| =—(12*)=1018 mmM A==( 12)= 113.1mf B 4
Model (c)
333.3 N/mm 333.3 N/mm
M = 2000(6)+ 2000(9): 15 000 NOmm vos
2 2 2000
_ Mc _ 15 000(6)
oO=—-=—— 0 v
I 1018
0 =88.4 N/mnf = 88.4 MPa Ans . -2000
15000
4V  4( 2000 M
I =——=—|—-|=23.6 N/mni= 23.6 MPa ANS .mm
max 3 A 3(113J N )| 6000 6000
o X
I4000N
0 12 mm
24 mm
Model (d)
M =2000(12)= 24 000 Nl mm 2000N Ry
_ Mc _ 24 000(6) Y| e
| 1018 ) ‘
0 =141.5 N/mnf = 141.5 MPa Ans
T oo Sadd :f(ﬂﬁ =23.6 N/mnf = 23.6 MPa Ans i
3A 31113 (N_mnf‘f) 24000
o X
2000N 2000 N
T:5 15
Model (e) v —
M =2000(7.5F= 15000 Nl mm 2000 N 2000 N
o= Mc _ 15000(6) ray| 2000
I 1018
o =88.4 N/mnf = 88.4 MPa Ans 0
T _4V _ 4 2000)_ 53 6 Nimnf = 23.6 MPa Ans
3A 3\113. 2000
M 15000
(N-mm)
0 X
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Mc _M(d/2) 32m

342 (@) o= = =
@ | /64 md?
d=q3M _ [32(18.75)  150in Ans
o\ (30 000)
V V
b) r=—=
(b) A md*/4
d= A _ [ 45000 =0.206 in Ans
\'7r ~\ 7(15000)
(C) T:ﬂ! :EL
3A 3(m?/4)
d =\/ﬂﬂ = EM =0.238in Ans
3m  \ 37(15000)
343 - P
[,]y-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

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

2
—F(I+a)+%——pigapza3:0 - aal—pZ:—6F(a|2+a) @

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

|
/I/l/‘ lL,,,f

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

X =l+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 (& 21

F ®)

For example, considér = 1500 Ibf,a=1.2in,l =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 Ibffin

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-FI

Shigley’s MED, 1¢' edition Chapter . Solutions, Page 30/100



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)_ 19 55- 3900 Inf 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,=—03)®)=0.25 i -18000
=530
1 .
L, =—@)(3)=2.25ir
2 12( )(3)
Applying the parallel-axis theorem, 9 4 2.5in
|,=[0.25+ 3(L.5- 0.5)|+[ 2.28 3(25 15)= 85" 1in}4 19=15in
(@)
Atx=10in, y=-1.5in, g, = —%0;1'5): - 3176 p
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) :@ :ML 1875psi  Ans
Vo b 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 ps

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 1300 = 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 kps A
(711 64)(1) | | o
_VQ _ _ - T
1,=—<, Q=0 = 1,=0 P
Ib
g, \ 101.9\° ’
Thax = \/[_Aj + Ti = \/(—j + (0)2 =50.9 kpSl Ans
2 2
ElementB:
UB = —w’ y= 0O = UB =( ¥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)

* b~ (rreay @0 ) 0% ks

2
Tax = (gj +1.698 = 1.698 kpsi Ans

ElementC:

C
I*('—
o. = —w =- _(1000)(10)(0'25@0'3) = 50.93 kps =] ?i__.-_ :i"'
< (711 64)(1f S|
Q= ydA=[" y23de| )(2 f- ;2/) dy ‘
n N n . [
2 32| 2 3/2 3/2 '
o 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)" = 0.0541in’

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

_VQ _ (1000)(0.05413) 10_3) = 1.273 kps
© b (/641 (0.866)( '

2
T :\/(%93») +(1.273f = 25.50 kpsi Ans

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

% error= 0% AnNs

ElementB: Since the only stress at pobits transverse shear stress, neglecting
the transverse shear stress ignores the entssstr

2
Toax = (gj =0 psi Ans

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

% error:(
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ElementC:

2
Trax = (%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) e (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 elengeat pointA, there is
no error from neglecting transverse shear strass & is zero at that location.

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

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

beam lengths.

Shigley's MED, 18 edition
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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 21T,
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,, (
R, =1.375kN Ans
>F,=0=R,-1.5- 2(1.5)sin(30 ¥ 1.37
R,=1.625kN Ans

x-y plane
ZM, =0=-2(1.5)cos(30 )(2.29)R,, (:
R,, =1.949 kN Ans
3F,=0=R,-2(1.5)cos(30 ¥ 1.94
R, =0.6491 KN 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, = [V,dX ) gaaser ¢
2

AtX =0,M,=C=-0.9375 = M,= 0.6X)'- 0.126+ 0.93
1949

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

AtxX =0,M,=C=09737 = M,=- 0.866X)"- 0.126- 0.93
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& = 1.433 kKN-m. The table below shows values at key
locations on the shear and bending moment diagrams.

My M, M
x (M) | Vu (KN) | Vy (kN) | V (KN) | (KNI®) | (KNTn) | (KN)
0 | -1.625] 0.6491] 1.75Q 0 0 0
05 | -1.625| 06491 1.750 -0.812%.3246| 0.8749
15 | -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.

= 40(75) _ 34(25) =1.36(16 ) mM = 1.36(16 ) f
12 12

|y=z{25(4°)3} 256) - 5 67016 ) mi= 2.67(10 ) f

12 12

It is apparent the maximum bending moment, and tieisnaximum 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 Ibflin  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

R,y =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 H2
V() =V, (9 + V(3]
_ 2 2 1/2
M () =[ 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 alk =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

S

2706 ps
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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

T = 271(b— t)’try, 1 4

o = e e

Ratio of Torques < b >
Toa_ 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)
1)

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] 36

=6 =0.0801radc 4.59 Ans .

AGARt 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) =
3.482 in.
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
—g= Tl o WEDEABAB 00w 47 Ans

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

3-52

3T

GLG

61:

3
T:11+T2+‘B:—Hfz Lé  Ans
i=1

From Eq. (3-47)71=Géc
G andé, are constant, therefore the largest shear stoessowherc is a maximum.
Tmax = GOC.x  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 MP
. 82.7(16)
) =X = =0.348 rad/m Ans
GGrax  79.916) (0.003)
(@
3 0.348(79.3f 10) (0.020)(0.082
T, = QngLicl _0.348(79.3) l (0.02000002), 47 Ncm - Ans
s 0.348(79.3f 19) (0.030)(0.003
T, = 0263"202 = (193} l (0.080)0.093) /& Nem Ans
3 0.348(79.3f 10) (0)(d
T,= 036:;'303 = ( i X )=0 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).

Tax _ 12000  _ :
%:G%ax_ll.S(l(?) (0.125)—8.35(103) rad/in Ans

(@)
Tl:glGSLle:(s.%)(lo )(11.$(31€))( 0.7% 0.06?)5:5.86 biln Ans.
T2:32G3L2‘33:(8'35)(10)(11'2( 908 1%, 63 i ans.
TS:‘93(33L3‘33:(8'35’)(10 (115 316)( 0.6%¢ 0'06?)5:4.88 Ibfin 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).
Toax = Taiow =12(6.89 = 82.7 MP
. 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
T1=6’1G3L1q - (799 l (0020)00-092), - nom - 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) 10) (0.025)(0.0862
T3:63G3LSC3 _ 0348793 . (0.029)(0-092); g4 Nom  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,

_ Tad® (80)(1¢)( 0.039( 0.008
3+1.8/0/c)  3+1.8( 0.030/0.002
Tax = 2(3.08)= 6.16 N0m Ans .

=3.08 NUm
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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) _
o= - =0.151rad A
poc’G 0321 0.03)( 0.003( 79 P e

321

From Eq. (3-40), with a single 4-mm strip,
_rb® (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 0.3(

=11.9 NOn Ans

From Eq. (3-41)

T 11.9(0.3) _
o= - =0.0769 rad A
AbcG 0.304 0.03)( 0.004( 79)¢ 1D e

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

_Lezr(0.039( 0.008)( 8y 19

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

=0.151rad Ans

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

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

- chrz(o.osc)( 0.004)( 8y 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 thnips 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 r
n 2500
po-1r_167
max J 77d3
13
3
d:( 167 J = M =0.0223 n= 22.3 mm Ans
Tl max 7T(70)(163)
(b) T :9.55E: 9.5 40000)_ 1528 NI r
n 250
V3
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).
63023 _ 63025(50)

T= 1261 IbfOn
n 2500
_Tr _1eT
Tmax BRIt
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
71(20000)
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3-59

3 (50)(1CF)n( 0.08
f = o T =Imadl _(20)(19)r{003) 265 NIn
md® 16 16
Eq. (3-44), H =_1 =265(2000) 5.5 16) W= 55.5 kw Ans
9.55 9.55
3-60
_1er 3
=5 = T—1—6rd -—(119(16)( 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 = 248514 in
o 16 16( 9)( 73
~n_3 32(2485)(24) =0.167 rad= 9.57 Ans
36 m'G n{0.78)(115( 16)
3-62
@) Ty = I T max — ﬂdgrmax T - Jr max — ﬂ(d:} _ q4)1' max
solid 1&'0 hollow r 16210
Toia T ¢ (36')
AT =—solid__"hollow (1 5oy )=— (100%} (100%¥ 65.6% Ans
solid do (
(b) Wegig = Kb, Wogjow = 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) Wegjig = ko’ Wioliow = l‘( d-( qu)

o d)?
%AW =M(100%):(2—2 (100%}) x* (100%) Ans

solid

Plot 9%AT and YAW versusx.

Percent Reduction in

Torque and Weight
100

[oe]
o
\

c

S / /

g /

2 60

g 40 e = = Torque

(3}

R N e ...

a 20 e G Steg——  seeees difference
% P d .

%’ -
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)
’ (77/32)[d4—(o.7m)4} d
V3
d= M :6.17(102) m= 61.7 mr
12016 )

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

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

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

ANs
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3-65
T =9.55%= 9.5 1fgo)= 1433 NI r

13
V3 | 16(143
T=£ 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
=563 (:]25* = 68 025(1) 2004 bfin
V3 [ 16(7889 T'°
r=£ - dc=(16rj (788 " _ 1 39in
2 nr 71(15 000

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

3-67 For a square cross section with side lefgtnd 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)circular = 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 Eg. (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
O, =—=——=10.19——
? G G(m/32) d‘G
5 1150-
0 =—06 21120
M 1019 -
d‘G

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

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

D> T =0=(500- 75)(4)-(T,-T)( = 1706(T,- 0.1)( )!
1700- 4.25,= 0 =  T,= 400 Ibf Ans .
T,=0.15400= 60 Ibf  Ans .
(b)
D M, =0=-575(10)+ 460(28) R. (4C
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 8
0 b
-281.75
M 29325
(1bfiin)

0 \/ 5

2139
(d) The maximum bending moment isxat 10 in, and i8 = 2932.5 Ibf-in. Since the

shaft rotates, each stress element will experibote positive and negative bending
stress as it moves from tension to compressiontdigele 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.
goMc_32m _32(20323 .., psi = 15.3 kpsins

| m® m1.257

=10 16T _ 0U700). )o3 b= 2.43kpsi Ans
3 nd  mL2sy

(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 +(TXY) = (_Zj +(443)2 = 8.84 kpS' Ans

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

> T=0=(1800- 27) (2003 (T,-T) (125 3(6 ip+ 1p5 015 T)
306(10)-106.25= 0 = T,= 2880 NAns .

T,=0.15( 2880 = 432 NAns .
(b)
D M, =0=3312(230} R, (510 2070(81
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
| m?®  7(0.030§
T:EJSTS: 16(306):57.7(1(5) Pa= 57.7MPa Ans
J md®  7(0.030

(e)
1 0‘2:&1 (&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 (4y(T,-T) (3F 1008( 0.I-T) (

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

T,=0.15(392.1§= 58.82 IbfAns .
(b)

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

,=-327.99 Ibf Ans.

D 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 |

Mg :\/(1967.845 + € 763.65)= 2111148 i
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® A
p=10 16T 16U000). 593 i = 5.00 kpsi  Ans
I m)
(e

2 2
5 012 %s [ %] () =225 [ 2 (s

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

oY 2 |(215Y .
rmaxz\/(7j +(r,) = (_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) (1
31875-127.5= 0 =  T,= 250 N mmAns .
T,=0.15( 250 = 37.5 N mmAns .

b
® > M, =0=2345sin48 (300y 287.5(700)R., (85
,=-150.7N  Ans.
D> F,=0=R,,—345c0s45+ 2875 150.7
R,,=107.2 N  Ans.
> Mg, =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 tiiatritical location is ah where
both planes have the maximum bending moment. Qandthe bending moments from
the two planes,
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M =(-47.3)°+(-32.1§° = 57.26 N |

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 0,2 % (%] (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

372
@
>'T =0=-300(cos 20°)(10) F, (cos20°)(

F; =750 Ibf Ans.
(b)
Y M, =0=2300(cos 20°)(16) 750(sin20°)(36R., (¢
R., =183.1 Ibf Ans.
D> F,=0=R,,+300(cos20°) 1831 750(sin20°)
Ro, =—208.5 Ibf Ans.
> Mg, =0=300(sin20°)(16} R., (30} 750(cos 20°)(:
,=—861.5 Ibf Ans.
Y F,=0=R,,-300(sin20°)- 861.5 750(cos20°)
R,, =259.3 Ibf Ans.

Shigley's MED, 18 edition Chapter 3 Solutions, Page 52/100



(©

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 / z
208.51bf 281.91Ibf 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 planesaid C to find the critical
location.

M, =+/(-3336 + (- 4149) = 5324 Ibfl i
M =+/(-2308f + (6343} = 6750 Ibfl i

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

bending stress and the torsional stress are botimmum,

32(675
g=Me_32M _ (6759 _ 26 503 psi = 35.2 kpsi Ans
| m®  m(1.25]
r= Tr_16r _ 16(2819): 7351 psi=7.35 kpsi  Ans

T3 ad® T mL.25y
(€)
2 2
_ 0o, g, 2_35.2 35.2 2
g, 0, —71 [?j +(Txy) ——zi\/(—zj +(735)
0, =36.7 kpsi Ans .
o, =-1.47 kpsi Ans .

o\ 2 |(35.2Y’ .
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°)(l!

F;=22810N Ans.

(b)
> M, =0=-11000(sin 20°)(400) 22810(sin25°)(73@&., FOY

R.,=8319 N Ans.

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

R,, =5083 N Ans.

z My, =0=11000(cos 20°)(406) 22810(cos25°)(75®., 5Q@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 1
The torque transmitted through the shaft frano B is
T =11000co$ 20 0)3= 3101 .

For a stress element on the outer surface whereethging stress and the torsional stress
are both maximum,
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g=Me_32M _ 32(4097
| m® 7(0.050%
- Tr 16T _ 16(3101)_

—== _126.:(16) Pa& 126.3MPa Ans
J  md®  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
T = \/(7j +(r,) = (7j +(126.3° = 209 MPa  Ans

374
(@
(M) =6.1%C, - 3.8(92.8) 3.88(362.8) ar s

C,=287.2 Ibf Ans . el
(ZM.),=6.1D, + 2.33(92.8) 3.88(362.8) st
D, =194.4 Ibf Ans

928 Ibf 362.81bf

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

€, 362.8 Ibf

233

SM.) = D =2
(zMc),=0 = D, 6.13

(808)= 307.1Ibf Ans

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

1..’
| 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 lpads exist.

T =808(3.88F 3135 Ibflir

M =4/669.7 + 1167 = 1345 Ibfl i
_ 16T _ 16(3135)_
r=——-= =
md®  n{1.13)
g, =% 32'\2 =+ 32(1345)_ +9495 psi  Ans
Jrte n(1.13)
o, = 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

o, . =-9495- 362= - 9857

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

max

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

0, =7189 psik 7.19 kpsi Ans
0, =-17046 psF - 17.0 kpsi Ans

3-75 £ 406 1bf
(@ '
(zm,), =0

6.1, - 3.8(46.6) 3.88(146)
C,=117.5Ibf Ans

(2M,), =0

-6.13D, — 2.33(46.6) 3.88(146)
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 vads exist.

T =406(3.88) 1575 Ibflil
M =+/273.8 + 586.3= 647.1I4f i

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

%A (711 8)(P)

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

0, = —6591- 178.3 - 6769 p:

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

2
0, =5321 ps= 5.32 kpsi Ans

2
0,,0,= 67691\/( 62769J +8027F
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0, =-12090 psE - 12.1 kpsi Ans

3-76 ) s
A
: B,
v 92.8 Ibf
1.31in
92.8 Ibf T 808 Ibt
362.8 Ibl
(IM;), =-5.62(362.8F 1.3(92.8) R =
A =639.4 Ibf  Ans.
(ZM,), =-2.62(362.8F 1.3(92.8) B =
B, =276.6 Ibf Ans.
_ _5.62 _ _
(ZMg), =0 = A, _T(sos)_ 1513.7 b Ans.
(=M,),=0 = B, :2'762(808): 705.7 Il Ans.
(b)
639.4 Ibf 308 Tbf 1513.7 Ibf
¥
P| 2620 Ye—0281bf B 92'81&13 2020 v g
362.8 Ibf 4 3 in l‘ z
El—>-9281bf 276 6 Ibf 208 705.7 Ibf
V (Ibf)
v (ibf) 3628 0
0 X
X
f -705.7
| M (Ibf-in) 27
M (Ibf-in) 8228 }
] o 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 Ibflir

r= w= 7847 psi Ans
n1{0.88)

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

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.

0, =-33990- 153= - 34143 p

max

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

0, =1717 psk 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] +7847 = 18789 pst 18.8 kpsi Ans

F,=1600tan2G= 582.4 N
Tc = R (/2) =1600 0.250 P= 200 N 1
p=c =200 _o567

(a/2) (0.150
Z(MA)Z =0
450R,, - 582.4(325) 2667(75)
Rpy =865.1N
> (M), =0=-450Ry, + 1600(325) = Ry,
> F,=0=R,, +865.1- 582.4 2667 = R, = 2384
> F,=0=R,,+1156- 1600 = R,,= 444

= 1156
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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 wécdiyr obtain the combined moments
from each plane.

Mg = AB /F§y + R, =0.075/ 2384+ 444= 181.9N m
M. =CD /ng + Ry, =0.125/865.1+ 1156= 180.5N

The stresses & andC are almost identical, but the maximum stressearcaid3. Ans.
_32Mg _ 32(181.9)_ oo 6(1(9) Pax 68.6 MF

BT (o.oso”)
5 =8 16(200) _ 57, 7(16) P& 37.7 MPe
d o 030°>
max 78 UB 2 686 \/ﬁ? +37.72: 85.3 MPa AI’]S
r —\/ o) \/ +37 7 =51.0 MPa Ans
max — 2
Gear F 100 N-m
3-78 r 62.5mm
F = T __ 100 _1500N
c/2 0.125/2 Shaft ABCD -

)'| F, &

F,=1600tan26G= 582.4 N
Tc =R (b/2)=160Q 0.250 P= 200 N 1
Te __ 200 ‘2667‘N

582.4N

200 N'm

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

> (M,), =0=45(R;, — 582.4(325) = Ry = 480
(M), =0=-45(Ry, + 1600(325) 2667(75p R, = 7111
> F, =0= Ry, +420.6- 582.4 = Ry, =1618N
SF,=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 =AB,[R + R, =0.075/1618+(- 1778 = 1339
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 MF
® n(0.030) 5{16)
5 =16T§ - 16(200) =37.7(16) P& 37.7 MP
m n(o.osc?)
2 2
Jmaxzﬁ"' ﬁ +T§ =£‘5+ i +37.72 = 70.6 MPa Ans
2 2 2 2

2
= (575)) +37.77 = 45.4 MPa Ans

3-79 Gear F 900 Ibf-in
5in
S (
c/2 10/2

F,=180tan20= 65.5 Ibf et ‘“’CD.\| Y
Tc = R (b/2)=180( F 9= 450 Ibfir

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= 1401lb
> 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 diyeatitain the combined moments
from each plane.

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

M.=CD./R: + R =6yJ75.%+ 126 = 883 Ibflir
c y ,

The maximum stresses occuiCat Ans.

_32M. _ 32(883)

o =3460 ps
° o n(1373)
16T _ 16(450) oo o
md? n(1.37§)
2 2
O =U—20+ (U—ch +72 = 34260+ \/( 3‘;6(} +882% = 3670 psi Ans
2 2
Trnax =\/ J—zcj +73 :\/(ifoj +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 small compared to bending and
torsion, due to the reasonably high length to diamtio, so it will not dominate the
determination of the critical location. The crétistress element will be at the wall, at
either the top (compression) or the bottom (tenstenthey 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 _3A8(209 ¢ 67 per 16.3 kp
| m*/64 (1)
_E_T(d/z)zlﬁrzle(g(

23 gd*132  nd® (1)

200 :
— =5093 psk 5.09 kp

— 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 :\/(%] +(TXZ)2 :\/(gzg’j +(5.09)2 = 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 IbElit ‘ ¥ 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 fthez axis). We’'ll
continue the analysis with the element in tension.

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

M€ _Ma(d/2) _32M, 321613 ) 0 \or o 16.4 kp:
T m'res md p(1f '
:EZT(dIZ) _ 16T :16(5)(175)

J  md*/32 add 71(1)3

= 4456 psik 4.46 kps

——————

%
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
r = \/(%] 472 = \/(%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 i 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 theaxis.

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

z

@=tan* (

M. (d/2 32(198
Oy bend = MiC - “"E ) - SZM;‘“ _3 a 3 20220 pskE 20.2 kp:
I /64 d n(l)
o LS = S 95.5 psi= 0.1 kps, which is essentially negligible

@A 4 n(1)* /4
O, =0, pia ¥ O peng= 20220+ 95.5 20316 psi  20.3 ki

_Tr 26T _16(9)(200 _ 5003 pei= 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
Tmax:\/(%j +72 =\/(%3’j +(5.09° =114 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 14.3 kpsi Ans
abc®  (0.299(1.5( 0.25
3-84

(a) The cross section atwill experience bending, torsion, and transverssash 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 stresaats on the top and bottom surfaces.
5 =Me_ M(d/2) _32m _32(1)( 250 _
< m*/64 md® 77(1)3
_Tr_T(d/2) _1er _16(19( 250

2y d* 132 mdP (1)’

28011 psF 28.0 kp:

=15 279 pskE 15.3 kp:

—

X
l | g, = 28.0 kpsi

—~— .= 15.3 kpsi
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(©

O Oy =k

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

2 2
Tmax:\/(%j +(TXZ)2 :\/(gzoj +(15.3)2 = 20.7 kpsi  Ans

q
7\
N |Xq
N—
N
+
—_
~
IS
N—
N
Tl
)
N | O
o
I+
Q_
VR
)
o)
- ©
N
+
—_
H
ol
NS
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 combinettvey moments.

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

MZtot ,/M +M?

=J(3600° +( 275(° = 4530 bl i

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

y 3600 critical
The combined bending moment vector is at an arfgdgd 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 axi@ss. The critical stress element is
therefore on the outer surface, at an angle oP37CW from thez axis.

(b)
o Mye M(d12)_a2M,, 32453
xbend m* /64 md?® n(1)

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

O, = O, i+ Oy peong = 46 142+ 382= 46524 psi  46.5 ky

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

46142 pse 46.1 kp:

=15279 pskF 15.3 kps
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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
Tmaxz\/(%] +72 :\/(%Sj +(15.3)2 = 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 combinettibey moments.

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

M =M7+M;

=J(4700° +( 275)° = 5445 Ibil i

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

4700
The combined bending moment vector is at an arfigb® 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 —

e LY R E S v

4

y

55462 psi 55.5 kp!

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

O, = O, i+ O peng= DD 462+ 382= 55844 psi  55.8 ki
_Tr _16T _16(12)( 259
J ]T(:I_)3

=15279 pskE 15.3 kp:

he—

X
J | o, = 558 kpsi

—~— 7 =153 kpsi

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

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

2 2
Tmax:\/(%j +72 :\/(Ezsj +(15.3)2 = 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 reddphéggh 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= 0.12!
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 psk 44.5 kp
Tr 16T 16(12)( 250 _

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

(1)’
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X
l | a, =44.5 kpsi

~—— 7= 21 2 kpsi

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

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

2 2
Tmaxz\/(%] +(TXZ)2 =\/(£25j +(21.2)2 = 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

My = M7 +M]

= (3600 +( 2750° = 4530 Ibfl i

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= 0.12!

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



Mc 32M 453
Jx,bend: Kt,bend | Kt bendndg _(1 9)% 73366 pSF 73.4 kp

F 300 :
O, aia = Ky aia—= = (1.75 = 668 ps& 0.668 kp
,axial t,axial A ( )77'(1)2 /4
O, = O, aia+ Oy pena= 13366+ 668= 74034 psi  74.0 kg

r= Kt,torsion% = Kt ,torsmni-TGdT ( )M 21238 pSF 21.2 kp

(1)’

—_—

X

l | 0, = 74.()" kpsi

~——— 17 =21.2 kpsi

(©)

2 2
0, 0,2 % (%] e T80 (T4 1y

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

2 2
Tmaxz\/(%j +72 :\/(lzoj +(21.2)2 = 42.6 kpsi Ans

3-89
(a) The cross section atwill experience bending, torsion, axial, and traerse 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 +( 275(° = 5445 Il

g
M.
JIMU (2750 =
f=tan 1( M J— tanl(m)j = 30.3 crikical

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/rr 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= 0.12!

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

M o544 _
Jx,bendz Kt,bend IC Kt bendndg (1 9)% 88185 psr 88.2 kp

t,axial

F 300

o =K, . x=(175—222 = 668 psk 0.668 kp
e eeEl g ( )n(l) /4

0, = 0, i+ O, pong= 88185+ 668 88853 psi 88.9 ky

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

’ J ’ md? ( )
J | 0p= 88.9xkpsi
~—— 7 =212 kpsi

(c)

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

2 2
Tmaxz\/(%j +72 :\/(izgj +(21.2)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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PR NLL LN L B
| bh®/12 16(rmd,n)( p/2)° /12
g,=% oF Ans.
.1 p
F F 4F
b) g,=-—=- - A
b) 7, A  md’/4  md ns

AnNS.

(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 kp:
0T T n(1.29(23(0.23 Ps! P
4F _ 4(150 . .
0,=0,=- d? =- nEl.ZS?) = —-1222 psi == 1.222 kpsi
16T _ 16(23 . :
T,=-T,=- ndf =- ﬂ(§'25?) = -612.8 psi=— 0.6128 kpsi

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

o ~(-4.584- 1.2230" +| (- 4584~ 1232(- 0.61%80-|-(- 4564 o0.6ids

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-(= 458 ) oot kpsi 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 spti@lanes 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=lli =3 32 75 (10 000)= 1507 psi Ans

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

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

t=r,—r,=100-91.7= 8.3 mm Ans .

o

I\J|
N

396 >0 >0
Tmax — (O-t O'r)/z atr = [

1| r’p, ) rp, r? np, (r?)_ r.p
rm:—{—; R e e
2\ r; -, I, r.o—r, r, roo+,°r, 7)) r, +,

42 (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 B R A U P B O S G S B Y s S (O B s
2
(0]

-r.? F-2.758
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
A I R A U P B O S G S B Y e S (O B s

(o] I (o] [0} 1

r 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 1_L + ropo 1+r_| - r.ozpo r_| - ribo
2 rZ=r2\U ) o Z= AU r 2 r 2 A A 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 -17) __[0.8(-490]( 25- 18)
2; 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-—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\ T (roz +r‘2)

2 2 2 2
o i I ro =

o (r?-r® [0.8(490] (25- 198
= t,ma;( 0 5 ! ) :[ ( 21 ( ):105 MPa Ans
rZ+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, =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= Oy —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 = (7114)(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( ) =-254 ps
Al 846.5

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

with r =r,
2 2 2 2
o = 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) _ oon8 5710 psiAns
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 = 180 —179 2 ~ 2963 Ps
()50 psi =— 50 psi
Eq. (3-50)

(0 ) _ 01802 +179.25
t/sopsi T 8(F - 179.25
Adding these to the stresses found in Prob. 3gh@s

=11975 ps

g =5708 + 11 975 = 17683 psi = 17.7 kp#ns
0 =-23.8-50=-73.8psi Ans
g =-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

[']/2 :MQZ 5987 ps| 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)¢ is maximum at = r; = 0.3125 in. The term

2
2
pwz(SWJ: 0.282 277(5009 (3* 0'293:82.42 Ibf/in
g8 ) 38| 60 8
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(o), =82.42 0.3128+ 2.7%+(0'312§)(2'7%)—“3(0'292)( 0.3135
max 0.3125% 3+0.292

=1260 psi

Tax = &260: 630 psi Ans

Radial stress:

_ (2 2 Ity
ar—kLri +y — —rJ
Maxima:

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

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(()02142 0)6} at

=1.85 MPa Ans.

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

" 386(116(77 (8- 078

=6.749( 104) Ibfog / id

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

() max = 6.749(10" | 1256.)5(3+ o.zoj[ 0373 25 2553020 3?}5
8 3+0.20

= 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 <=5 & 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 increasesyax and fatigue.

3-110 v=0.292E =207 GPat; = 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.

Tflo*’) =3.105(10 9 @

Maximum interference,

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

o :%[50.026— 50.025F 0.0005 mm Ans

From Eg. (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,=21in
Eq. (3-57),
300 p| (Z-%)E-o0
p= 3
2(1) (Z-0)
wherep is in psi andis in inches.

ﬂ=1.125(16 p 1

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

Minimum interference,
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O :%[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 p| (0.05- 0.025 )(0.025
- 2(0.025i[ (0.08— 0)
wherep is in MPa andis in mm.

Maximum interference,

O =%[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(16)(0.009) = 27.9 MPa Ans

Tfloﬂ) =3.105169 (1

3-113

v=0.292E =30 Mpsi,ri=0,R=11in,r,=2in
Eq. (3-57),
306 Y[ (2-2)@E- 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
Eqg. (3-57),
_207(0 Y| (0.05- 0.025 )(0.025
- 2(0.025§ [ (0.08- 0)
wherep is in MPa andis in mm.

Maximum interference,
Ornax =%[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) =3.105169 (1

3-115

v=0.292E =30 Mpsi,ri=0,R=11in,r,=2in
Eq. (3-57),
:30(1Cf Y| (Z-1%)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,

O :%[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,¥i=1, =0.292. r;=0,R=1in,ro=1.5in
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(7) (1.8-49

=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 2 = —(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-1

o= 0.001
1 1.5+7F 1 £+ 6
1 0.211] - 0.29
[14.5(1(5)(1.52—12 * j+ 3¢ 1@)( f- %]

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

5maX:%(1.003— 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_ Fz)]

P="m 2o
~30(16) 0.001( 1- 03( 0% ) 90500 s Ans
P= 2(0.5) [ (£-4 i_ i

The maximum tangential stresses at the interfacthéinner and outer members are
given by Egs. (3-58) and (3-59), respectively.
2 2
@i .. —pR - (22 500)M — 22500 psi Ans

r2+R2
(0] = —R—(zz 500)7 37500 psi Ans
= r

0o

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— 2.002F 0.0005 in Ans

Ornax =%[2.006— 2.000F 0.003in Ans

Eq. (3-56),

Shigley's MED, 18 edition Chapter 3 Solutions, Page 84/100



p=R1 r02+R2+V +i R2+r2_v
El-R ) BLR-7

p:
1 (15+% 1 i+ 6
1[30(1(9) (1.52 " o_292j+ 10.4 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 +r? _
(@), = ~Prin z 2 ——( 11)7 -3.11kpsi Ans
ry +R 1.5+ :
t) |m|n = pmm 2 (3 11)1 —52 = 8.09 kpSl Ans
Maximum interference:
2 2
AN pmaxi +: -(18 7)ﬂ —18.7 kpsi Ans
r’>+ 1. 52 .
(a-t)o|max = pmax roz ( 8. 7) ——— = 48.6 kpSI Ans

3-120 d =20 mm,r, = 37.5mm, = 57.5m
From Table 3-4, foR= 10 mm,
r,=37.5+10= 47.5mn

10°
=46.96772 mn
(47 5-/ 475 16)
e=r-r =47.5- 46.96772 0.53228 I
c=r- ri = 46.9677- 37.5 9.4677 m
¢, =1 —r =57.5- 46.967% 10.5323 m

A=7d? | 4= 71(20Y / 4= 314.16 mi?
M = Fr, =4000(47.5F= 190000 Nl m

Using Eq. (3-65) for the bending stress, and compiwith the axial stress,
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_F Mg _ 4000 , 190 000(9.4677)

| =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 = 1.25iny, = 2.0 1
From Table 3-4, foR = 0.375 in,
r.=1.25+ 0.375 1.625i
0.375
2(1.625—\/ 1.625- 0.3725)

=r-r =1.625 1.6030# 0.02193
r,—r.=1.60307~ 1.25 0.35307
c,=r,-r,=2.0-1.6030# 0.39693
A=7d*/4=m(0.75f /4= 0.44179 it
M =Fr, =750(1.625F 1218.8 Ibfl il
Using Eqg. (3-65) for the bending stress, and compiwith the axial stress,
F Mg _ 750 + 1218.8(0.35307) =37 230 psk 37.2 kpsi Ans .
A Aer ©0.44179 0. 44179(0.02193)(1.25)
_F _ Mc, 750  1218.8(0.39693) _

A Aef 044179 0.44179(0.02193)(2.0)

=1.60307 ir

e EN¢

o

—23 269 psF - 23.3 kpsi Ans

3-122 d=6 mm,r = 10 mmy, = 16 mr

From Table 3-4, foR=3 mm,
r, =10+ 3=13 mn

3
(13_\/m) 12.82456 mn
e=r —-r,=13-12.82456- 0.17544 m
C =1, -1, =12.82456- 1G- 2.82456 m
c,=r,—r,=16-12.82456- 3.17544 m
A=md* /4= rm(6) | 4= 28.2743 mif
M =Fr, =300(13)= 3900 NI mn

Using Eq. (3-65) for the bending stress, and campiwith the axial stress,
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o=Fs Mc _ 300 ,  3900(2.82456) _,anyina 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 mr

From Table 3-4, foR=3 mm,
r, =10+ 3=13 mnr

(13 \/1327) =12.82456 mn
e=r—r =13-12.82456= 0.17544 m
C =1 —r =12.82456- 1G- 2.82456 m
C, = O—rn =16-12.82456= 3.17544 m
A=md® /4= rm(6) | 4= 28.2743 mif

The angled of the line of radius centers is

. _1( R+d/2j_ . _1( 10+ 6/2)_
@=sin"| ———|=sin"| ——— |=
R+d+R 10+ 6+ 10
M =F(R+d/2)singd=30q 16- 6/ sin30= 1950 m

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) — 727 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, = 0.751
From Table 3-4, foR = 0.125 in,
r. =0.5+0.125 0.625 i
0.125
(o 625-1/0.625- 0.179
e=r-r,=0.625- 0.618686 0.006314
C=

L=
= - ri:O.618686- 0.5 0.118686
c,=r —-r,=0.75- 0.618686 0.131314

=0.618686 ir
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A=7d? [ 4=71(0.25f /4= 0.049087 i*
M = Fr, = 75(0.625)= 46.875 Ibfl i

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 = -24 952 psk - 25.0 kpsi Ans
A Aeg ~0.049087 0, 049087(0.006314)(0.75)

3-125 d=0.25in,; = 0.5iny, = 0.751
From Table 3-4, foR = 0.125 in,
r. =0.5+ 0.125= 0.625ii
0.125
(o 625~ 0.625- 0.125)

e=r —r =0.625- 0.618686 0.006314

¢ =r —-r =0.618686- 0.5 0.118686
c,=r,—r,=0.75- 0.618686- 0.131314
A=d*/4=7(0.25f /4= 0.049087 it

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 sin36= 23.44 Ibf

=0.618686 ir

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- 0.174006 0.005694 i
G =r -r =0.174006- 0.125 0.049006 ir
¢, =r,—r,=0.2344- 0.1740068 0.060394
A=bh=0.75(0.1094F 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, =M% __ ~12(0.060394)  _ ge1g i 6.62 kpsi Ans
Aer  0.08205(0.005694)(0.2344)
© Kk =2="201_15 ans
o -8.02
,=2=9%2_0 825 Ans
o 802

3-127

Me_., [3(4)][0.5(0.1406) =+4856 psFk + 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 i
C

(@ o=+

n

A
[ -r =0.186552- 0.125 0.061552 ir
¢, =r -r =0.2656- 0.186552 0.079048
A=bh=0.75(0.1406% 0.10548>

M =-3(4)=-12 IbfCin

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& o “120.061582) _ /06 i - 6.41 kpsi Ans .
Aer  0.10545(0.008748)(0.125)

o, == M, __ ~12(0.079048) =3872 psk 3.87 kpsi Ans

Aer,  0.10545(0.008748)(0.2656)

© K =2="5%_13 ans
o —4.86
K =2%=38"_80 Ans
o 4.86
3-128
3(4)|[0.5(0.109

+ =+8021 psk= £ 8.02 kpsi Ans
| (0.75) 0.1093) /12 P P
(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 _43513080n
In(0.3594/ 0.25)

e=r -1 =0.3047- 0.301398 0.003302 i
¢ =r -r =0.301398- 0.25 0.051398 in
¢, =r,-r =0.3594- 0.301398 0.058002
A=bh=0.75(0.1094} 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) _ 445 o~ 9.11kpsi Ans .
Aer  0.08205(0.003302)(0.25)
oo Me, ~12(0.058002)

=7148 psk 7.15 kpsi Ans
Aer, 0.08205(0.003302)(0.3594)

. =—=——"=1.14 Ans
o -8.02

=% =115 589 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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A N
" [(davr)
For a rectangular area with constant widtithe denominator is

.[ri (b?rj bin r_

Applying this equation over each of the four regialar areas,

j— —Q(In—j {ln%;} 3{ I%J s{ |nl—glj 16.376
A=2[20(9)+ 31(9.5)= 949 mfy

oA 949
" [(dasr) 163769

=57.9475 mn

e=r -1, =68.5-57.9475 10.5525 m
C =1 —r =57.9475 25 32.9475 m
c,=1,—r =112- 57.9475 54.0525 m

M = 150F, = 150(3.2) = 480 khnm

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}

Fy = F1y+F2y=2.4sin 60+ 3.2sinT= 2.08 kI 480 kNemm
/\i.;ﬂbf

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
@=tan*— = tan* 12.08_ 25.%
F 4.40

X

F, =2.4coq 60- 25:9= 197k
F,=2.4sin( 60- 25.9= 1.37 k

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) 917 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 2.4375f

Similar to Prob. 3-129,

9A 07513825, 57508 = 0.682 9201
‘ 4.375
A 24375

r = =3.56923 ir
[(@Arr) 0.682920

e=r -1 =4-3.56923 0.43077 |
G =r -1 =3.56923 2= 1.56923 |
c,=r —-r, =6-356923 2.43077 i
M = Fr, =6000(4)= 24 000 loflir

Using Eq. (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 2.4375 2.4375(0.43077)(2)
o = F _Mc, _ 6000  24000(2.43077)_

= =-6 799 pskE - 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 Kigir

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 Mok _ 20  90ADUSS) g5 4 yhsi Ans
A Ir 3534 (1.988)(12)

g =F_Mef_ 20 90(5)A3S) ooy ans
A Ir, 3534 1.988(15)
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3-132 r=125in,r,=ri+h=125+05+1+05=3.25in
re=(@i+ro) /2= (1.25+ 3.25)/2=2.25in Ans.

r.

For outer rectangle{,fd—Aj =bin o
rn

r.2

A }: -
flowa |, o) |
D[J.dTAL =271(r, —\r2 -1 ?)

Combine the integrals subtracting the circle frva tectangle

For circle,[

J.——l 251n 3—2:— 2n( 225\ 2.25- o.ﬁ: 0.840 904

A=1.25(2)- (0.8 F 1.71460 1 Ans
A _ 1.71460
Z [(@Arn) ~0.840904

=r-r =225 2.039¢ 0.2110in Ans
=r,-1r,=2.0390- 1.25 0.7890 i
=r,-r,=3.25- 2.0396 1.2110
=2000(4.5+ 1.25 0.5 0.5 13500 Ibf
Mg _ 2000 13500(0.7890)

=2.0390 in 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),
a=KF¥3=F?*3 (SJM
8)” 2(1d)
Usev =0.292F in newtonsE in N/mnt andd in mm, then

1/3
K = {(gj [(1- 0.2912; ;(/)207 ooo}  0.0368E

From Eq. (3-69),

3F 3F _F F

Prax = 52 ~ 27(KE™Y 27K’ 27(0.03685)

=352F"® MPa

Shigley's MED, 18 edition Chapter 3 Solutions, Page 93/100



From Eq. (3-71), the maximum principal stress osa@ur the surface whers= 0, and is

equal to Pmax
0,0 =0,=—Pom=—352F" MPa  Ans

From Fig. 3-37,

r..=0.3p__=10" MPa  Ans

3-134

From Eq. (3-68),

- J(S—Fj (1-v) B+ (1-vi) e,

8 Yd, +1d,
. i/(?,(;Lo)j(l—o.zgz)/( 20; (;Z?;E 410 088y 7L7po
From Eq. (3-69),
Prnax = 3 = 3(10) =487.2 MPe¢

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.

—_— —_— — T 1 = -
0,=0,= 487.2{[ + 0.48tart( 1/0.48( + 0.3)332(1+ o.4§)} 101.3 N
g, = 4872 _ _396.0 MP
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 Eqgs. (3-70), (3-71Y €é3+72) 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 anmax= 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 Eqgs. {30 (3-71) at a depth afa= 0.48.

—_— —_ - T 1 - -
0,=0,= 487.2{[ + 0.48taif( 1/0.48( o.2p22(1+ 0.48)} 92.09 M
o, _ 4872 _ -396.0 MP«
1+0.48

From Eq. (3-72),
L 0= (-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 7ax=
0.3119Pmax

=152.0 MPa Ans

3-136

From Eq. (3-68),

:i/ 3F)2(1-v) B
| [sj Vd,+1d,
az?/(g(zo)j 2(1-0.293)/( 207 00p_ 01258

8 1/ 30+ Joo

From Eq. (3-69),
3F _ 3(20
2’ 271{0.1258)

=603.4 MPc¢

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+(100 Y( 196 1p =3.517( 10°) F** ir

From Eq. (3-69),

_ 3F _ 3F

- 2 = 2
278" 2] 3.517 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,

=3.860( 10)F"* ps

Jl=—3.86(ld)F1’3{[l— 0.48tart( 1/0.49( os)eaﬁ} - 8075

2(1+ 0.48
-3.86( 1) F*?
g, =
3 1+0.48

=-3.137( 10)F** ps

From Eq. (3-72),
o -0, (-8025) —(— 3.131 10) F1’3)

T =5 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 3 304 107 i

8 Y1+ Yoo

From Eq. (3-69),
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b =—r = 3 =4.369 10)F"° ps

- 2
27" 7] 3.304 16°) <
The steel ball has a higher poisson’s ratio tharcttst iron table, so it will dominate.

01:—4.369(16)#’3{[} 0.48tart( 1/0.3%( +1 o.zpzm}:_ 8EB8

_ -4.369 10)F"°
%" 14048

=-3.551 10)F" ps

From Eq. (3-72),
_0.-0, (-825%")-(-3.55{ 10)F*

— 1/3 H
T 5 5 —1.36:{ 1(3) 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 $hinterface. 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 ps
Prnax 03 p

From EqQ. (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@)]T2=1_052( 10) i

7(0.75)  1/0.94 1/1.24

Eq. (3-74):

2F 2(40) : :
=== =32275 psk 32.3k A
Pres = ) (1.059( 10°)( 0.7% PsF Pe! e

From Fig. 3-39,
Toax = 0-3Pna= 0. 32275 =9682.5 psi  9.68 kpsi Ans

3-140 Use Egs. (3-73) through (3-77).

o[ 2F @-v)IE+ @) I
A (1/d)+(/d,)

_(2(600) (1- 0.202 )/(30(10 ) @ 0.262 )/(30(0)})
(2) 1/5+ 1/oo
b=0.007 631 ir

2F ___2600) __ e 05 o
7ibl ~ 72(0.007 631)(2)

Jx:—2mea{,/1+§—z—‘—;U:—Z(O.ZQZ)( 2502)5(\/ 1 0.786 0.7)5

=-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)
b2
=-4 646 psE— 4.65 kpsi Ans .
g =Pra o 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).

b= Z_F(l-vf)/w(l_vzz)/g]m

7 1/d, +1/d,

2(2000)(1—0.292)/[ 207 16] (2 021’:)/[ 140 3)@

71(40) 1/150+ 1ko
b=0.2583 mn

o = 2F __ 2(2000)
"X bl 77(0.2583)(40)

o = 2meax[\/7 HJ 2(0.293( 123)2(W & 07}

=-35.0 MPa Ans.

2

=123.2 MPe¢

1+ 27 1+2(0.786
__pmax bz 2 ( )_ Z 078)3
147 1+(0.788)
bZ
=-22.9 MPa Ans.
g,= P 71232 =-96.9 MPa Ans
Z J1+0.786
bZ
g,—-g, -22.9-(-96.
T = — 5 L= 2( 9=37.0 MPa Ans
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3-142
Use Egs. (3-73) through (3-77).

z_F(l_Vf)/El+(1_V;)/E2]w

7 1/d, +1/d,

_[ 2(250) (1-0.212)/[ 144 16)[+( 2 0.2}/ 145 i

71(1.25) 1/3+ ko

b=0.007 095 ir

B = o = 2250) ___ _17 946 ps
bl ~ 77(0.007 095)(1.25)

0, =- pmax[\/% —EU =-2(021)( 1794V 1 0786 0.7}

=-3680 psF - 3.68 kpsi Ans .

2

1+2° 1+2(0.786)
‘- +o(o0.
0, =P -—L-2/7]|=-17909 T - g 0785
7 1+(0.788)
b2
=-3332 psF - 3.33 kpsi Ans .
g, = “Pre _ ~17946 _ -14109 psk - 14.1 kpsi Ans
\/ Z  J1+0.786
1+5
b2
o,—-0g, -3332-(-1410
T = — 5 L= (2 9=5389 psE 5.39 kpsi Ans
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