10.15
The solid rod AB has a diameter ds = 60 mm and is made of a steel for which the

allowable shearing tress is 85 MPa. The pipe CD, which has an outer diameter of 90
mm and a wall thickness of 6 mm, is made of an aluminum for which the allowable
shearing stress is 54 MPa. Determine the largest torque T that can Be applied at 4.

90 mm

Fig. P10.15

J:%n(c;‘—c‘l‘):%n(0.0454—0.0394):2.81 x10°°

TmaxCZ _ T x0.045

T =54 % 10°= = =
J  281x10

= T mo= 3372 N.m

10.16
The allowable shearing stress is 50 MPa in the brass rod 4B and 25 MPa in the

aluminum rod BC. Knowing that a torque of magnitude 7'= 1250 N.m is applied at 4,
determine the required diameter of (a) rod AB, (b) rod BC.

Aluminum

o~ /
/ T
t - N / Brass
cC > —

Fig. P10.16



a.

 —oox oo Tan_1250%d,
max 2J 1 4
T1c dAB

T
16

o dys=1.2739%x10""
o d,;=0.0503m

b.
J:%n(c;—cf)

Td,. 1250 xd,

2] 1
End3c4

T,,=25x10°=

o dy-=2.5478 x10"*
o dy.=0.0634m

10.17
The solid shaft shown is formed of a brass for which the allowable shearing stress is

55 MPa. Neglecting the effect of stress concentrations, determine the smallest
diameters d.sand dsc for which the allowable shearing stress is not exceeded.



/J Ty =1200 N - m

]( = 400 N .

ﬂlu:;

.'i{]' mm\l

600 mm

Fig. P10.17 and P10.18

Truc AB:

T ,5=1200+400=1600 N .m
Td,, 1600xd,,
20 1

16

T=55x10°=

4
nd

o dyp=7.4117%x10°
< d,;=0.042m
Truc BC:

T ,;=400N.m

e qgr T s 400%d
2] 1

16

nd ;"
o d55=3.7058 x 10"
o d,;=0.0333m

10.18
Pé nhu bai 10.17 nhung hudng cia Tc bi dao nguoc



= ]1“11\

/\ % Te =400N - m
ﬂl AB T . /
750 mm dpe C

600 mm

Fig. P10.17 and P10.18

Truc AB:
T ,,=1200+400=1600 N .m

_TdAB_16OO Xd g
2J 1 dAB4

o dp=1.4823%x10"°

o d ,;=0.0529m
Truc BC:
T ,s=400 N.m
oy qgr T dan _ 400 d,
2J 1 4
—_ dAB

o d3z=3.7058 x10~°
& d,;=0.0333m

10.29
The torques shown are exerted on pulleys 4 and B. Knowing that the shafts are solid

and made of steel (G = 77 GPa), determine the angle of twist between (a) 4 and B, (b)
A and C.



T,=|300N-m| W&/ ) | —
30 mm uy B 0.9 m
Ty =400N -m » 3 )] T
] h T 0.75 m
46 mm —| Tac—
.--""F.---I E-Hhhn f l
P 9 E -./_- "=y
Fig. P10.29
TAB = 300 N.m
Tsc =300+ 400 =700 N.m
Jag = 0.5%0.015%%3.14 = 7.948x10®
Jee = 0.5%0.023%%x3.14 = 4.394%10”’
T,..L
2 5= AR — ::00 x0.9 —=0.044rad
GJa 77%10°%7.948% 10
T. L
_tpct _ 700 % 0.75 —0.016rad

(%) = =
B GIge 77x10°x4.394%1077
2 01c=2 sg+95:=0.044+0.016=0.06 rad

10.30
The torques shown are exerted on pulleys B, C, and D. Knowing that the entire shaft is

made of aluminum (G = 27 GPa), determine the angle of twist between (a) C and B,
(b) D and B.



30 mm

30 mm
400 N .
A = . 36 mm
9O0ON - m

\ , _. 36 mm
B 500N - m

Fig. P10.30

Tpc =-500 N.m

Tes =900 — 500 = 400 N.m

Jop = 3.14%0.015%%0.5 = 7.948x10* m*
Joc=3.14x0.018"x0.5 = 1.6483x107 m*

Tl 400 x 0.8

- — =0.149rad =8.54°
¢ Gl 27x10°%x7.948x10°°

a. 9

_Tocl _ —500 %1
PCGUpe 27%x10°%1.6483x 1077

b. @ =—0.112rad=—6.44°

% pp=Pp+ 9 = —6.44+8.54=2.1°

10.32
The solid brass rod AB (G = 39 GPa) is bonded to the solid aluminum rod BC (G = 27
GPa). Determine the angle of twist (a) at B, (b) at A.

36 mm

30 mm
180 N - m
'\\ | o il 320 mm
Al P
250 mm

Fig. P10.32



Jee =0.018%%3.14x0.5 = 1.6483x10”
Jas = 0.015%%3.14x0.5 = 7.948x10™®

Tge =180 N.m
Tag =180 N.m
a.
T..L
p= = 180032 _ 01294rad=0.741°
GpcJpe 27x10°x%1.6483% 10

b.

T,.L
o =0+ B~ 1001294 + 1980 x (.25 | 180 —{ 5730

GagJ a5 39 x 10” x 7.948 x 10 3.14

10.33

Two solid steel shafts (G=77 GPa) are connected by the gears shown. Knowing that
the radius of gear B is = 20 mm, determine the angle through which end A rotates
when 7:=75 N.m.

s

500 mm

A

Fig. P10.33

D, B=0—T,+Fxr;=0 _
> C=0o—Tp+Fxr.=0

—75+Fx0.02=0 _ [ F=3750N
—T,+Fx0.06=0 |T,=225N.m

Jep = 0.012%%3.14%0.5 = 3.25x10°* m*
Jap =0.01%%3.14x0.5 =1.57x10"* m*



o _Tep*Lep _ 225x0.4
¢ GxJgp  77x10°x3.25x10°

==0.03596 rad
r.X2.=ryx%, < 0.06x0.03596=0.02x 92, < 2,=0.10788 rad

xL
o =0 +-AB"ZAB_( 10788+ 75%0.5

=0.1389rad=7.95°
Jan 77 %x10°x1.57 x 10 ° rd

10.55

The aluminum rod AB (G = 27 GPa) is bonded to the brass rod BD (G = 39 GPa).
Knowing that portion CD of the brass rod is hollow and has an inner diameter of 40
mm, determine the angle of twist at A.

60 mm

N\
[ =1600N . n D
36 mn:\ (A \ H 1
[, =800N.m _/’/ c
; - o _’,.«")B ’ 250 mm
f ¥ <l \\ 375 mm
400 mm
Fig. P10.55
TAB =800 N.m
Tse =800 + 1600 = 2400 N.m
TCD =2400 N.m
Jas=0.018*x%0.5x3.14=1.648x10" m*
Jse =0.03%%3.14%0.5=1.272x10° m*
Jen = (0.03*- 0.02%)x3.14x0.5 = 1.021x10° m*
5 — Z Ti x Li
~ Z Gi X Ji
800x0.4 2400 x0.375 2400x% 0.25 180
+ + X

27x10°%x1.648x 1077 39x10°x1.272x10°° 39x10°x1.021x10°%] =«

=6.02°
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