1smm PROBLEM 3.2

For the cylindrical shaft shown, determine the maximum shearing stress caused by
a torque of magnitude 7= 800 N - m.

SOLUTION
Tax = E; J = £c4
J 2
_or
Tmax E
2800 N - m)
~ 7(0.018 m)®

= 87.328 x 10° Pa

Tax = 87.3 MPa «




PROBLEM 3.15

The allowable shearing stress is 100 MPa in the 36-mm-diameter steel rod AB and
60 MPa in the 40-mm-diameter rod BC. Neglecting the effect of stress concentrations,
determine the largest torque that can be applied at A.

SOLUTION
Tpax =%, J =%c4, T= 5 Tmaxc3
Shaft AB: T = 100 MPa = 100 x 10° Pa
c= %dAB = %(36) =18 mm = 0.018 m
Typ = %(100 % 106)(0.018)> = 916 N - m
Shaft BC: 7. =60 MPa=60x10°Pa

c =%dBC =%(40) =20 mm=0.020 m

Ty :%(60><106)(0.020)3 =1.754 N-m

The allowable torque is the smaller of 75 and Tgc.

T =754N-m 4




PROBLEM 3.17

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, z and
dpc for which the allowable shearing stress is not exceeded.

750 mm\L dpe C
600 mm

SOLUTION
T = 55 MPa = 55 x10° Pa
Tc 2T 2T
Thax = 5 = —5 C=3
J 7c 7T ax
Shaft AB: T,z = 1200 — 400 = 800 N - m
c= 3&00)6 =21.00x107°m = 21.0m
(55 x10%)
minimum d ;5 = 2¢ = 42.0 mm <
Shaft BC: Tye = 400N -m

c=3 QLO% =16.667 x 10> m = 16.67 mm
7(55 x 10°)

minimum dp- = 2¢ = 33.3 mm 4




PROBLEM 3.21

A torque of magnitude 7 =1000 N -m is applied
at D as shown. Knowing that the allowable
shearing stress is 60 MPa in each shaft, determine
the required diameter of (a) shaft 4B, (b) shaft CD.

SOLUTION
T.p =1000N - m
Tp = 27 =12 (1000)= 2500 N - m
Te 40
(a) Shaft 4B: T, =60 x10° Pa
ple 5 2T D00 o s961076 m?
J zc 7t (60 x107)
¢ =29.82x 107 =29.82 mm d=2c=59.6mm <
(b)  Shaft CD: 7., =60 x 10° Pa
pole 2 5 2 QU0 66105106
J  ze ar (60 x 10°)

c=2197x10"m =21.97 mm d=2¢=43.9 mm <




40 mm PROBLEM 3.34

50 mm

~ A
T @ (a) For the aluminum pipe shown (G = 27 GPa), determine the torque T
! causing an angle of twist of 2°. (b) Determine the angle of twist if the
same torque Ty is applied to a solid cylindrical shaft of the same length

25m and cross-sectional area.
R B
N
SOLUTION
(a) ¢, =50mm = 0.050m, ¢, =40mm =0.040m
J = %(c;‘ —ch = %(0.0504 —0.040%)

=5.7962 x10° m*
@ =2°=34907x10"rad L =25m

G =27x10°Pa
_TL r_Gp _ (27x 10”)(5.7962 x 107°)(34.907 x 107)
ey oL 2.5

=2.1851x10°N -m
T, =2.19kN-m <«

Area of pipe: A= (2 - c) = 7(0.050% — 0.040%) = 2.8274 m*
(b)  Radius of solid of same area: ¢, = 4 = 0.030 m
T

J, = %c;‘ = %(0.030)4 =1.27235%x10°m?

N

_LL __ QISSIXI002) (15900 pad

P = 6r T (27 x 107)(1.27235 x 10°%)

@, =9.11° <




( PROBLEM 3.38
60 mm

The aluminum rod 4B (G = 27 GPa) is bonded to the brass
500 N rod BD (G = 39 GPa). Knowing that portion CD of the
e L brass rod is hollow and has an inner diameter of 40 mm,

D
36 mm\ X W\/ determine the angle of twist at 4.
oV

T, =800N-m

\ B
375 mm

250 mm

A
400 mm

SOLUTION
Rod AB: G =27x10°Pa, L=0.400 m

T =800N - m c=%d=0.018m

J = %04 - %(0.018)4 = 164.896 x 10" m

I _ (800)(0.400) =71.875x 10 rad

OB = GT T 27 % 10°)(164.896 x 10°)

Part BC: G=39x10°Pa L=0375m, c¢= %d =0.030 m

T =800+1600 = 2400 N -m, J = §c4 - %(0.030)4 — 127234 x 100 m*

TL (2400)(0.375)

- =18.137 x 10 rad
BIC = G T (39 % 10°)1.27234 x 10°°)

Part CD: ¢ = %dl =0.020 m

¢y = Ld, = 0030m, L=0250m
2

J=2(cd - cf) = £(0.030* - 0.020%) = 1.02102 x 10 m*
2

TL (2400)(0.250)

=i =15.068 x 10~ rad
Pap = G T (39 x 10°)1.02102 x 10°°)

Angle of twist at 4. P4 =Py + Ppc + Pcip
=105.080 x 10~ rad

9, =602 4




PROBLEM 3.41

Two shafts, each of 22-mm diameter are
connected by the gears shown. Knowing that
G = 77 GPa and that the shaft at F is fixed,
determine the angle through which end A rotates
when a 130 N - m torque is applied at A.

\~
150 mm S

300 mm
D
200 mm
150 mm
SOLUTION
Calculation of torques.
. . Tig  Tir Tg
Circumferential contact force between gears B and E. F=-"2%="LtL Tp.=-=T,,
s g s
T,y =130N-m
150
Tpr = —(130) =177.3N-m
T
Twist in shaft FE.
L =300 mm, c=%d =11mm, G =776Pa
J=Z =201t = 23x10° m*
2 2
Ppip = L (173'3)(0'3) 5= = 0.03 rad
GJ  (77x107)(23x107)
Rotation at E. @p = Qg =0.03 rad
Tangential displacement at gear circle 0 = rg@p = rgPp
Rotation at B. 0p = £, = 10.03) = 0.0409 rad
g 11
Twist in shaft BA. L=035m J=23x10"m"*
TL (130)(0.35)

= 0.0257 rad

Pas = G T AT %1023 %107)

Rotation at A. @4 = P + @4 = 0.0666 rad @, =3.82°4




Problem 3.51

Aluminum
Tyl 300 mm

~— 38 mm
B

T=12kN -m

450 mm
<— 50 mm

3.51 The solid cylinders AB and BC are bonded together at B and are
attached to fixed supports at A and C. Knowing that the modulus of rigidity is
26 GPa for aluminum and 39 GPa for brass, determine the maximum shearing
stress (a) in cylinder AB, (b) in cylinder BC.

The torques in c\/?(v\JewS AB cnd BC ave s*a,‘\'\'cu&iy
inz?e‘(‘e\/‘w«{mav‘{'e. Mc.,'\LC,L\ the V\O'&'q‘{’{avx C{)B ‘Fow
cac_(/\ cylpt‘r\d’e“‘.

C\/‘?l.r\g‘ev/‘ AB c = —55!:0'0/910 L=83m
J = Zet =204 xo I m4

_ Pe = -‘G_S'L :C22737§221.7xm'q\ = s YIO-CTAG
Cylinder BC? = 3ol =0025m L=o-45m
T=%c" = Leozs)t= 4i36x57 m¥
Pe = l;%!: § cz‘sz‘;f'()i;jzx:o-fh = 186 X 10" Tg,
Ma'f'chinﬁ expressions Lo Py - 5637 » 10Ty = 186 %10 Tae
Tae v 29984 T D)
E'7utyfém‘uw~ of connection «f B —I}B+'Téc-T=O T =rz00 Nm
T + Tge =1l2x/0° (2)
Svbstituding () inte @), 39984 Tpg = 12»10°
Tae =300 Nh Te. =900 Nm
@ Maximum stress in ey {inde~ AB,
T = T:‘; S (j:Z.L(‘:::—? = 27.85 MPa Tyo =279 MPa =
(b) Maximum stress " c}/p[{no[er BC.
2/3 _ Tee C : (900) (0025 = 2447 MPa Ty = 367 MPa b

< J

6/3 6 x 1077




PROBLEM 3.53

The composite shaft shown consists of a 5 mm thick brass jacket
(G =39 GPa) bonded to a 30 mm diameter steel core (G = 77 GPa).
Knowing that the shaft is subjected to 565 N - m torques, determine
(a) the maximum shearing stress in the brass jacket, (b) the
maximum shearing stress in the steel core, (c) the angle of twist of
end B relative to end A.

30 mm$/
T Steel core
5 mm
SOLUTION
1
Steel core: ¢ =—d=15mm
J =2t = Z0.015* = 79.52x10°m*
2 2
GJ, = (77 x10°)(79.52 x107%) = 6123.04 N - m?
Torque carried by steel core T, =GJ 1%
Brass jacket: ¢, =¢ +t=15mm+5 mm =20 mm
J, = %(c;‘ —cl)= %(o.oz4 ~0.015*)=0.1718x10°m*
G,J, =(39x10”)(0.1718x107°) = 6700.4 N - m*
Torque carried by brass jacket T, =G,J 2%
Total torque T=T,+T, = (GJ, + G,J, )%
@ T 565

=0.044 rad/m

L GJ,+G,J, 6123.04+67004

(@) Maximum shearing stress in brass jacket
T =Gy = G2C2% = (39 x 10°)(0.02)(0.044)

= 34.37 x 10° N/m? 34.37 MPa <4
(b) Maximum shearing stress in steel core

T = Gy = GICI% = (77 x 10°)(0.015)(0.044)

=50.82 x 10 N/m? 50.82 MPa <
(c) Angle of twist (L =1.8 m)
0= L% = (1.8)(0.044) = 79.2 x 107 rad

= 4.53° <




PROBLEM 3.68

While a steel shaft of the cross section shown rotates at 120 rpm,

30mm 75 mm a stroboscopic measurement indicates that the angle of twist is

l 2° in a 4-m length. Using G = 77.2 GPa, determine the power
- being transmitted.

SOLUTION
Twist angle: @ =2°=34907 x 10 rad

2
1

_T( 4 \N_F 4 4
J—2(02 ) 5 (0.0375" ~0.015%)

J =3.0268x10°m*, L=4m

_L . _Glp _ (772x 10%)(3.0268 x 107%)(34.907 x 107%)
? GJ L 4
T =20392x10°N-m

leZOrpmz%Hz:2Hz

P = Qzf)T = 27(2)(2.0392 x 10°) = 25.6 x 10> W = 25.6 kW <




iy 60 mm PROBLEM 3.87

/

The stepped shaft shown must rotate at a frequency of 50 Hz. Knowing
that the radius of the fillet is » = 8 mm and the allowable shearing stress

30 mm
is 45 MPa, determine the maximum power that can be transmitted.

/

/ T
/
SOLUTION
KTc  2KT nc’r
T = = T =
J zc? 2K
d = 30 mm c:%d =15mm =15x10"m
D =60mm, r=8mm
D_80_, 8 26667
d 30 d 30
From Fig. 3.32, K =1.18
-3\3 6
Allowable torque. = 715 x107)7(45 x 107) =202.17N-m
(2)(1.18)
Maximum power. P =2xfT = 27)(50)(202.17) = 63.5x 10 W P =635kW <«




