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The solid rod AB has a diameter dsg = 60 mm. The pipe CD has 90 mm

an outer diameter of 90 mm and a wall thickness of 6 mm. Know- % D]
ing that both the rod and the pipe are made of steel for which the
allowable shearing stress is 75 MPa, determine the largest torque
T that can be applied at A.

Tin =15 x0° Fa Ty = _..ﬁ.J:

Rod AB: C=':‘{J a 0.030 m J=%Cw

Totr = 32 Zow = £(0.030)X(75*10%)
= 3./8( 210% Nem

Pipe Dz C,= 7d,=0.04Sm  C,=2C,-L =0.095-0.996 = 0.089 m
J=2(e"-¢c*) = Z(0.045"- 0.029*) = 2.8072 x15" m*

_ (2.8073 %07 )75 x10¢)} _ 1.
T = 3 oFe = 4679407 Nom

Aldowable torque is the smedlor yodue (318 x10° Nom ) 3.03 KNom -2

i 3 56 B2 5 Js |
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Shaft BC is hollow with inner and outer diameters of 90 mm and 120 mm,
respectively. Shafts AB and CD are solid and of diameter d. For the loading
shown, determine () the maximum and minimum shearing stress in shaft
BC. (b) the required diameter d of shafts AB and CD if the allowable shear-
ing stress in these shafts is 65 MPa.

min

120




Ta “’ /ﬁ\ cp =45 mm
L

ea = G0 mm

SOLUTION

Equations of Statics. Denoting by Tz the torque in shaft AB, we
pass a section through shaft AB and, for the free body shown, we write
EM, =0 (BN -m) =Ty =0 Tig =6kN-m

We now pass a section through shaft BC and, for the free body shown, we
have

M, =0: (6kN-m)+ (14kN-m)—=Tgc =10 Tee=20kN -m
a. Shaft BC. For this hollow shaft we have

|3

J=Flez—¢el) = %[(n.uan)“ - (0.045)'] = 13.92 X 107" m*

Maximum Shearing Stress. On the outer surface, we have

T!I'I;I.I = T'_. = = ==
] 1392 x 10% m*

g}

I

Tuae — 062 MPa

[HELS

Minimum Shearing Stress. We write that the stresses are propor-
tional to the distance from the axis of the shaft.

Tmin _ €1 Tonin _ 45 mm

T oo B 2 86.2MPa 60 mm

b. Shafts AB and CD. We note that in both of these shafts the mag-
nitude of the torque is T = 6 kN - m and 7,y = 65 MPa. Denoting by ¢
the radius of the shafts, we write

T = 64.7 MPa

{ S
it 65 MPa = S XN mke
I LW
2
?=588x10°m" ¢=389X%X10"m
d = 2¢ = 2(38.9 mm) d =778 mm

(a) Ductile failure

(i) Brittle failure
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What torque should be applied to the end of the shaft of Example 3.01
to produce a twist of 2°? Use the value G = 77 GPa for the modulus of
rigidity of steel.

Solving Eq. (3.16) for T, we write FJ\
JG

L= ?(b T 60 mm

. IQ“%&III
G =77 X 10° Pa L=15m 15 w
b= 20(277 rad

=349 x 1073
360° ) rad

A

Substituting the given values

and recalling from Example 3.01 that, for the given cross section,
J=1021 X 107 m*

we have

jG (1.021 X 107° m*)(77 X 10" Pa) L
T= f(;b = 15 (34.9 X 107" rad)
01

T=1829 %X 10°N+m = 1.829kN * m
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SAMPLE PROBLEM 3.3

The horizontal shaft AD is attached to a fixed base at D and is subjected to

the torques shown. A 44-mm-diameter hole has been drilled into portion

CD of the shaft. Knowing that the entire shaft is made of steel for which
2000 N - m G = 77 GPa, determine the angle of twist at end A.

5{3 N.m

SOLUTION

Since the shaft consists of three portions AB, BC, and CD, each of uniform cross
section and each with a constant internal torque, Eq. (3.17) may be used.

Statics. Passing a section through the shaft between A and B and
using the free body shown, we find

M, = 0: (250N m)— Typ =0  Tap= 250N +m
Passing now a section between B and C, we have
SM, =0:(250N - m) + (2000N - m) — Tge =0 Tgc = 2250 N - m
Since no torque is applied at C,
Tep = Tee = 2250 N - m
Polar Moments of Inertia

Jas = G = 5 (0.015m)" = 0.0795 X 10~ m"*
Too= % ‘= %(0_030 m)* = 1.272 X 10° m*

Joo = g(cé — )= %[(0.030 m)* — (0.022 m)*] = 0.904 X 10 ®m*

Angle of Twist. Using Eq. (3.17) and recalling that G = 77 GPa for
the entire shaft, we have
Ti'Lt' 1 (TABLAB TBCLBC TCDL'CD)
T i P + +
= 2 JG G\ | Jsc Jeo

1 [(250 N-m)(04m) (2250)(0.2) N (2250)(0.6) }
$a = 77 GPal 0.0795 X 10°m* 1272 x 10°°® 0904 x 107°
= 0.01634 + 0.00459 + 0.01939 = 0.0403 rad
3 (]
&, = (0.0403 rad) by = 2.31° 4
2ar rad
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A circular shaft AB con51sts of a 10-in. —long s-in.-diameter steel cylinder,
in which a 5-in.-long, 3-in.-diameter cavity has been drilled from end B.
The shaft is attached to fixed supports at both ends, and a 90 Ib - ft torque

is applied at its midsection (Fig. 3.25). Determine the torque exerted on
the shaft by each of the supports.

L _ L {' n-

Ac = <B 2,
_f Gxle 7
J\ = %_ ( 7
&
426xb o
7
d, = [T ('G)J
T, -90)x S
j’f_,_ii_— 4-<-—/—’—-——’—)’:§' —
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38 mm —|
30 mm —*

4
Aluminum
(-'1 = 2T GPa

J1 = F[(38 mm)* — (30 mm)*]

= 2,003 X 10~ 6m?

| o

2

25 mm P :‘;h.(ll 5
v ..-{ &
= -]
Ji=3[(25 mm)*] e
= UbH X 10~ %m* -
&
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TABLE 3.1. Coefficients for
Rectangular Bars in Torsion

a/b for ¢
1.0 0.208 0.1406
1.2 0.219 0.1661
1.5 0.231 0.1958
2.0 0.246 0.229
2.5 0.258 0.249
3.0 0.267 0.263
4.0 0.282 0.281
5.0 0.291 0.291

10.0 0.312 0.312
o0 0.333 0.333

c1 = ¢s = 3(1 — 0.630b/a) (for a/b = 5 only)
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Structural aluminum tubing of 2.5 X 4-in. rectangular cross section was
fabricated by extrusion. Determine the shearing stress in each of the four
walls of a portion of such tubing when it is subjected to a torque of
24 kip - in., assuming (@) a uniform 0.160-in. wall thickness (Fig. 3.55a),
(b) that, as a result of defective fabrication, walls AB and AC are 0.120-in.
thick, and walls BD and CD are 0.200-in. thick (Fig. 3.55b).

| 4 in, | ' 4in. |
A| | B A| l B
f !
—| [=—0.120 in. —={ [=—(.160 in.
2.5in. 2.51n,
0.200 in, — |=— 0.160 in,—| |=—
} |
C. } D (54 1 D

(b) (a)

(a) Tubing of Uniform Wall Thickness. The area bounded by
the center line (Fig. 3.56) is

@ = (3.84 in.)(2.34 in.) = 8.986 in’

Since the thickness of each of the four walls is + = 0.160 in., we find from
Eq. (3.53) that the shearing stress in each wall is

T 24 kip + in.
I sk — = 8.35 ksi
2t 2(0.160 in.)(8.986 in”)

384 in. ——

A B
) |
I I
'l t=0.160in. :
I l

C ! D

Fig. 3.56

(b) Tubing with Variable Wall Thickness. Observing that the area
(t bounded by the center line is the same as in part a, and substituting
successively ¢ = 0.120 in. and ¢ = 0.200 in. into Eq. (3.53), we have

24 kip -+ in.
2(0.120 in.)(8.986 in?)

= 11.13 ksi

TaB — TaAC

and
24 kip -+ in.

7 5(0.200 in.)(8.986 in?)

We note that the stress in a given wall depends only upon its thickness.

TBD = T = 6.68 kgl

V¥




A cooling tube having the cross section shown is formed from a
sheet of stainless steel of 3-mm thickness. The radii ¢; = 150 mm
and ¢y = 100 mm are measured to the center line of the sheet
metal. Knowing that a torque of magnitude T'= 3 kN + m is applied
to the tube, determine (¢) the maximum shearing stress in the
tube, (b) the magnitude of the torque carried by the outer circular
shell. Neglect the dimension of the small opening where the outer
and inner shells are connected.

Avec bovnded 57 center fine
Q=T -el)=Tm(I50" - 108) = 89.27%1C" -
= 39.27 %10 m*

t = 0.003 m

S 3 x |9t ‘
@ z ZEQ T @)0.008)(2aamicTy T 1273 xi0 Pa = 12.73 MPa

&Y T, =2metre) = anet7

"

]

27 (0.150)°(0.008) (1218 x10* ) = &.46 %165 Newm
: = 5. 40 UNewm

)
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