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Strength of materials

Torsion

When regular circular shaft is subjected to torque, every cross-section in the shaft will
be subjected to pure shear condition and the resisting torque which is produced from
shearing stress will be equal in magnitude and having opposite direction to the using

torque in deriving the torsion formula.

If the torque (T) 1s applied at the free end of the shaft, the fiber (AB) on outside surface
will be twisted into (AC) as the shaft is twisted through the angle ($). Consider any
internal fiber located a radial distance (R) from the axis (Centre of the shaft), the radius

will also rotate through angle (¢) causing total shearing deformation (1) equal to arc

length (DE).

Where:
T: torque MPa
R: radius mm or m

J: polar moment of inertia mm* or m*



Lectures in Strength of Materials Asst. Lec. Raghda Ali Naser Al-Mustagbal University

To find the polar moment of inertia for solid and hollow shafts we used the following
equations:

wt ap?
/= EEES (For solid shaft)
P 32
J == [R4 —r }Z%(ﬂq = } (For hollow shaft) ————-—
Where;
R= router
I'= Tinner

The maximum shear stress due to torque is at the edge of the solid objects while the
minimum equal to zero. furthermore, in solid objects the we can find the maximum
shear stress using outer radius (ro)of the shaft and the inner radius(ri) calculates the
minimum stress.

SO to find the angle of twisit, we can use this formula:
TL
o=1r
JG

where :

6(radians) , T(N.m) , L(m) , J(m") , GON/m?)
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Ex-1- A steel shaft shown in figure (d=40mm) is subjected to the torques as
shown, determine the angle of twist of point (B) with respect to point (A) in

degrees. Gst=75GPa.
/ 500N.m
300N.m C\//‘
A —
00mm|
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= 2] G
For the same diameter and same material

- (J s & )areconstant

|
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.-.+3__4 = ! [400%0.5+ 200%0.4-3000.3]
%[:}_ufﬂ,}f #75%](f

+ = 0.01 radians

180

in degrees — 0.01* - =0.578 degree



Lectures in Strength of Materials Asst. Lec. Raghda Ali Naser Al-Mustagbal University

NOTE : If two or more materials are rigidly fixed together in such way that
the applied torque is shared between them.

b=, +4.
I, =1 +1,

For two fixed ends shaft (‘%’1 +4)3 =0)

¢1 = “i’:
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Ex-2- A compound shaft consisting of an aluminum segment and steel segment, is acted
upon by two torques as shown in figure. determine the maximum permissible value of
(T) subjected to the following conditions:

1) maximum shear stress in steel is (100MPa).

2) maximum shear stress in aluminum 1s (70MPa).
3) the angle of twist of free end is limited to (120). (Gs=83GPa, Ga=28GPa).

Sol :- According to shear stress
1- For steel shaft :
_T#*r 16T
mx. "y T ok
16(27)
n(0.05)°
T =1.23kNm

st Vs

T
d=75mm d=S50mm

- 100%10° =

N, W N W N 5 T W T T

2- For aluminum shaft :

_T*r 16T
e
16(3T)
1(0.075)°

T =193kN.m

T

S 70*10°% =

According to angle of twist :
4) Y G’
G*J

—
érom.’ = 4)5: - é.ii

2T #1.5 3Ir*2
o8 g e £ + £ — T =1.638kN.m

2 0.05)* *83*%10° =_(0.075)* *28 *10°
32 32

¢ _ Ts: *LSI 4+ TAI *L.u
GSI . J.Sr G.u % J.u

s Maximum (T )is(1.23kN .m) are can be used
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H.W:

The solid shaft shown 1s made of a mild steel that 1s assumed to be
elastoplastic with G = 77.2 GPa and 7y = 145 MPa. Determine the angle

of twist caused by the application of a torque of magnitude (a)
T=600N-m (b) T=1000N-m
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Torsion of thin-walled tube

A. approximate solutions can be developed for thin-walled tubes, on two

conditions:

v" tube doesn't have any cut or slice. In other words, it is continuous around

the radius.

v’ the ratio of Diameter to thickness should be less than

Average shear stress

=0
e~ D14

m

., = average shear stress acting over
thickness of tube

T = resultant internal torque at x-section

t = thickness of tube where ., is to be
determined

A,, = mean area enclosed within
boundary of centerline of tube’s
thickness
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100y
S L
1
1 A torque I'= 5 kN - m 15 appled to a hollow shaft having the cross section
e shown. Neglecting the effect of stress concentrations, determine the sheanng

stress at points a and b.

—=l=— fi

125 mm
=l iy g

10F iy

1
¥

JI' III'

|-l— T3 Hu —

SOLUTION
7
- 3 . F}
T=5x10"N-m :15'....../ /
Area bounded by centerline. / /
2 # £ A
a =bh = (69)(115) = 7.935x 10" mm’ L /
— 7.935%10~ m? /;ff
At point a: t = 6 mm = 0.006 m & umm |
I 5% 10°
e (2){0.006)(7.935x107)
=525%10°Pa r=525MPa 4
At pomt b: F=10mm = 0010 m

T _ 5% 107
2ta (2(0.010)(7.935x107%)

=31.5%10°Pa r=315MPa 4
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A 3.6 kN »m torque 15 applied to a hollow shaft having the cross section

=443 MPa o

l’f 50 mm
N
|
|
1M wmen —t = 5 min . - .
| shown. Neglecting the effect of stress concentrations, determine the
sheanng stress at ponts g and &,
o
5 mm
SOLUTION
Area bounded by centerline.
a = (96mm) (95 mm) + %{4?.5:1.11:1}"' = 12664 » 10° mm?
=12664 %107 m”
At pount a, t=5mm = 0.005m
r=2 = 5"5“”’: — 442x10°Pa
2at (212664 x 107)0.005)
At pomt b, t=E8mm = 0.008m
o L 56x10° — 27.6x10°Pa

2ar (2)12.664 x 10~°)(0.008)

T=27T6MPa o



