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Torsion Formula

e Two assumptions:
— Linear and elastic deformation
— Plane section remains plane and undistorted

Deformed plane

Undeformed plane

The angle of twist ¢(x) increases as x increases  Notice the deformation of the
_ rectangular element when this rubber
After deformation bar is subjected to a torque

(®)

remain straight
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Torsion Formula

Linear distribution of stress: T =§Tmax

Torsion — shear relationship:

A
2

T = —max j 02dA

C A

TC
=
rmax
T
T = p . -
J Shear stress varies linearly along

each radial line of the cross section
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Torsion Formula

— Solid shaft: c C 1\ I
J= jpsz = Jpz(Zﬂpdp) = 27rj pdp = 27[(—),04
A 0 0 0
J="¢*
2
— Tubular shaft:
J= —(c:;1 = ci“)

Shear stress varies linearly along
each radial line of the cross section
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Example 1

The pipe shown has an inner
diameter of 80 mm and an
outer diameter of 100 mm. If
its end is tightened against
the support at A using a
torque wrench at B,
determine the shear stress
developed in the material at
the inner and outer walls
along the central portion of
the pipe when the 80-N
forces are applied to the
wrench.
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Example 1 (cont.)

Solutions

M, =0;
80(0.3)+80(0.2-T)=0
T=40N-m

8ON

1=2 [(0.05)* -~ (0.04)' |=5.796{10 ) m*

p=C,=0.05m

Tc,  40(0.05)

) Tsre(iot) oo

T, =



Solutions
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Example 1 (cont.)

p=c =0.04m

T

_To_ 40(004) _ 06 mpa

J B 5.796 (10_6 )

<

TE=0.276 MPa

}
i
|
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Angle of Twist

(a) | (b)

Yo,
¥
J(x)G
e For constant torque and cross-sectional area: TL

=36
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Angle of Twist

Sign convention:

Positive sign convention for T and ¢
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Example 2

The two solid steel shafts are coupled together using the meshed
gears. Determine the angle of twist of end A of shaft AB when the
torque 45 Nm is applied. Take G to be 80 GPa. Shaft AB is free to
rotate within bearings E and F, whereas shaft DC is fixed at D. Each
shaft has a diameter of 20 mm.

@ b

| 4
// 2m
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Example 2 (cont.)

Solutions

(b) P5=0.0134 rad

F=45/0.15=300 N
(T, ), =300(0.075) = 22.5 Nm

Tloe (+22.5)(1.5)

= =+0.0269 rad
JG (7[/2)(0.001)4[80(10)9:|

Pc =

(C) (MD):

(Tp)x=22.5 N.m N D

-
05 (0.15) = (0.0269)(0.075) = 0.0134 rad 2 Fa
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Example 2 (cont.)

Solutions

PRI L (+45)(2) = +0.0716 rad

J6 (x/2)(0.010)'[80(10°)

On = Pg + Pps = 0.0134+0.0716 = +0.0850 rad
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Example 3

The solid steel shaft shown below has a diameter of 20 mm. If it is
subjected to the two torques, determine the reactions at the fixed
supports A and B.
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Example 3 (cont.)

Solutions

SM, =0
~T +800-500-T,=0 (1)

Bure =0
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Example 3 (cont.)

Solutions

~T5(0.2) (800-T,)(15) (300-T,)(03)
JG JG JG
T, =645 N-m

T,=-345N-m Q?
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Solid Non-Circular Shafts

Undeformed § Deformed




- oowutmmy ®UTM
Solid Non-Circular Shafts

Shape of T (a) Shear stress distribution
cross section max @ along two radial lines
Square
—
N 481 T T10TL
T 4c
a
Equilateral triangle
207 4671
g ac
2T  (#+WTL

ral?’ mabC

L= L=




Example 4

The 6061-T6 aluminum shaft shown below has a cross-sectional
area in the shape of an equilateral triangle. Determine the largest
torque T that can be applied to the end of the shaft if the
allowable shear stress is t;,,,, = 56 MPa. and the angle of twist at
its end is restricted to @, = 0.02 rad. How much torque can be

applied to a shaft of circular cross section made from the same
amount of material?
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Example 4 (cont.)

Solutions
Taltow =£; 56 = 20-!; =T =1779.2 Nm
a 40
46T (1.2)(10°
o = 40T . 0.02 = ( )( ):>T:24.12 Nm

erate, 40°[26(10°)]
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Example 4 (cont.)

Solutions

Avircie = Aviange;  ZC° = %(40)(405in 60°) = ¢ =14.85 mm

TC T (14.85)
Tallow = s 56 = 2 =T =288.06 Nm
J (712)(14.85)
T(1.2)(10°
Patiow = l 0.02= ( )( ) =T =33.10 Nm

JG, (712)(14.85)"| 26(10°) |

®©UIM
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Thin Wall Tubes Having Closed Section

e Average shear stress (e)

T
Tag =
O2tA

e Shear flow

q:ﬁ

e Angle of twist
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Example 5

The tube is made of C86100 bronze and has a rectangular cross
section as shown below. If it is subjected to the two torques,
determine the average shear stress in the tube at points A and B.
Also, what is the angle of twist of end C? The tube is fixed at E.
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Example 5 (cont.)

Solutions (b)

A, =(0.035)(0.057)=0.002 m?

T 35

=5 —= =175 MP
T2, 2(0.005)(0.002) |

T 35
== =292 MP
® "2, 2(0.003)(0.002) | ©)




Example 5 (cont.)

Solutions
G
_ TL cds _ 60(0.5) i (ﬂj [ﬁﬂ :
¢ 4A§G<ﬁt 4(0.002)2[38(109)]_2 5 )73 7| \ An
w3
4(0.002)°| 38(10°)]L \ 5 3 }35
=6.29(10°°) rad © .
B QQ‘/
P
.” 1.75 MP
Al
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