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5-3. The solid shaft of radius r is subjected to a torque T.
Determine the radius r' of the inner core of the shaft that

resists one-quarter of the applied torque (7/4). Solve the J'\\
problem two ways: (a) by using the torsion formula, (b) by
finding the resultant of the shear-stress distribution. e
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#5-4. The tube is subjected to a torque of 750N-m.
Determine the amount of this torque that is resisted by the
gray shaded section. Solve the problem two ways: (a) by
using the torsion formula, (b) by finding the resultant of the
shear-stress distribution.

a) Applying Torsion Formula:

Tc_ 750(0.1)
B ot = mreeee—enm = (L4

T ® 7 S EOpe 035y | o MPa
7(0.1)

=0,4793(10*) = ———
0.4793(10) $0.14 - 00759

rﬂll
T'=515N-m Ans
b) Integration Method:

T =(£)rm“ and  dA=2mpdp
<

dT"= prdA = pt(2np dp) = 2ncp’ dp

. H 0.im (P) H
= =2 -
T's [ 2710 dp ”Iu.mm"““ = Jo* do
_ 22T,,, J‘D.lm Yo

< 0.975m
2R(0.4793)( 10%) [p‘]
0.1 r

Odm

4

2.075m

=515 N-m Ans
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5-11. The shaft consists of three conceniric tubes, each
made from the same material and having the inner and
outer radii shown. If a torque of T = 800 N - m is applied to

the rigid disk fixed to its end, determine the maximum shear
stress in the shalt. &

T =800 N-m

7 = 20 mm
¥, = 25 mm

r; =26 mm
7, =30 mm

r; = 32 mm
Fo = 38 mm

J= ";E( (0.038)* - (0.032)) + -’2-’( (0.030)* —(0.026)") + 5”((9.025)‘ - (0.020)")

F=2345010"%m*

Te_ 80000.038) o0

*5-12. The solid shaft is fixed to the support at C and
subjected to the torsional loadings shown. Determine the
shear stress at poinis A and B and sketch the shear stress on
volume elements located at these points.

Tzp  800(0.02)
Tp & — = e = {70 MiPa Ans Ty = Boart.m
7 E0.035% Boosen —?:”
Ta=6oon m

Ty ¢ 500{0.035) - Y
Ty = Al = = 742 bnw
4 r; §{0'0354) MPz Ans @
J00NMm

Tz G TIHrs
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5-30. The solid shait has a linear taper {rom r4 at one end
to rp at the other. Derive an equation that gives the
maximum shear stress in the shaft at a location x along the
shaft’s axis.

- ral. + (rx — rg}(L - x)

Fp =~ Ip
rg + (L ~ x
B n { } 7
ralf — X} + rax

L
JTe Tr o1

J gt oxn?

2T _ 271

= = A
r:{r,.l(l. - 3‘) * l‘n‘]; afralLl ~ x) + rgx];' "
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_ 5-31. When drilling a well at constant angular velocity, the

-bottom end of the drill pipe encounters a torsional
-resistance T 4. Also, soil along the sides of the pipe creates a
. distributed frictional torque along its length, varying
“uniformly from zero at the surface B to £, at A. Determine
. the minimum torque Ty that must be supplied by the drive
unit to overcome the resisting torques, and compute the
maximum shear stress in the pipe. The pipe has an outer
-radius r, and an inner radius 7.

_2n +nl
p o= AT AT

Ans
2
Maximum shear siress : The maximum torque is
- within the region above the distribuled torque.
Tec
Tmay & ——
{27, + 1,0}
Toax = { 7 }(ro) = (274 + 13L)r, Ans

Erd - rf) a(rd ~ ri)

. 2T Tl L
7’; -

1-2httL
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#5-82, The 8-mm-diameter A-36 bolt is screwed tightly
into a block at 4, Determine the couple forces F that should
be applied to the wrench so that the maximum shear
stress in the bolt becomes 18 MPa. Also, compute the
corresponding displacement of each force F needed to
cause this stress, Assume that the wrench is rigid.

T~ F(03) = 0 (n
Te .. T(0.004)
L= 0% = e
farx =77 107 = o004
T=1809N-m
From Eg. (1),
F=g03n Ans

JIL__ 13096008 _ 00430 rad

TG %[(e.wu)‘m(m"}

s = ré = 0.1500.00480) = 0.00072 ;. = 0.720 mm Ans.

5-53. The turbine develops 150 kW of power, which is
transmitted to the gears such that C receives 70% and D
receives 30%. If the rotation of the 100-mm-diameter A-36
steel shaft is @ = 800 rev/min., determine the absolute
maximuimn shear stress in the shaft and the angle of twist of
end E of the shaft relative to B. The journal bearing at E
atlows the shaft to turn freely about its axis.

i ad
P=Ta; 150(10°)W= T(800-5Y )L iy A
min  60sec lrev . (.\ 1790 4930w
T=1790493 N-m IR SIS Al
T = 1790.493(0.7) = 1253345 N-m L
T, = 1790.493(0.3) = 537.148 N- m (=-.

o 2SI BECA
T= 3 s
Maximum torgue is in region BC. % TE2EPM ™

Tc _ 1790.493(0.05)
J Fo.05

Taax =

=912MPa  Ans

7L _ 1
=F(==) = —[1790.493(3)+ 537.148(4} + O
bws (JG} J,G[ {3 +5 (43 +0]

oo BN 60102 rad = 0.585°  Ans
£(0.05)'(75)(10%)
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5-78. The composite shaft consists of a mid-section that 80011t 14g, 3in, )

includes the l-in-diameter solid shaft and a tube that is A 025 in.

welded to the rigid flanges at A and B. Neglect the thickness (/(, 500 14t

of the flanges and determine the angle of twist of end C of L h :

the shaft relative to end D. The shaft is subjected to a torque 0.3 ft\| D

of 800 Ib - ft. The material is A-36 steel.
Equilibrium :

0(12)-G-% =0
goolvft

T‘!
Compatibiiity conditon : @
-

$r = ss T{0.75)(12) - BOI512) 2
TOHOS-(29% oSG

T =9376.421b-in.
Te = 22358 By dn,

TL_ S0002)(1X12) | 223580075112
[ e
e T FO3Y(E10)109

=0.1085 md = 6.22° Aps

5-79. The shaftis made from a solid steel section AB and
a tubular portion made of steel and having a brass core. If
it is fixed to a rigid support at A, and a torque of
T = 501b-ft is applied to it at C, determine the angle of
twist that occurs at € and compute the maximum shear
stress and maximum shear strain in the brass and steel,

Take Gy = 11.5(10%) ksi, Gy; = 5.6(10%) ksi. r’
0.5 i
Equilibrium : @ =3 -5 \',.K
wlhe - T=s0mm
T, 4T, ~50=0 ) Fooupy. ‘
Both the stee! tbe and brass core undergo the same mgle of twist ¢orn
s =L Be(2(12) T (212)
“UI6 T HOSHEO) | HI = 05)(115)(107)
%, = 0.032864 T, @
Solving Bos. (1) and (2) yields :
T, = dBA28Ib- fr K, = 15721 £
g = p1L o LSRUD@AD | S
ST T H0SHGEe00m | HIMLS)(109
= 0.002019 rad = 0.116% Ans
_ D _ 50021 .
{Tot Jan a9 = 7 ““—;(l‘) w 382 psi
_ _T:,_c n 48.428(12)(1) _ s o .
(T mna 52 = y; —_—Wl" oy 394,63 psi = 395 psi (Max) Ams
G )max 394.63 >
it Yoty = = = ————— =
(et Jour G L1 3A3(107") md Ans
. T c 1.572(12){0.5) . .
{Ter Joaa ™ "T = —?EEEQT-H = 96007 psi = 96.1 psi (Max) Ans
(Tbr )maa — 2507 - 5
(Fer Junax p TE0 172(107°) md Ans
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5123, A tubular shaft has an inner diameter of 20 mm, an
ouler diameter of 40 mm, and a length of 1 m. It is made of
an elastic perfectly plastic material having a vield stress of
ry = 100 MPa, Determine the maximum torque it can
transmit. What is the angle of twist of one end with respect
to the other end if the shear strain on the inner surface of
the tube is about to yield? G = 80 GPa.

Plastic Torgque :

1;,22;:1“4:,, pldp Angle of Twist :
[}
t Y 100(10)
=2:rf,.[—:" Ty
= T e == ), 25 rad
. 3 )L, " =G = iy - oot

(- )

3
Yy 0.00!25)
=1y - D=0125rd=7.16" A
= ——---—2”“93)“06) (0.02° -0.01%) s (oo ) e
=1466 N-m = L47kN-m Ans
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