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TORSION |



TORSION EQUATION

T _C0_f

Ip l R

Where T = Twisting moment
lp = Polar Moment of Inertia
C = Modulus of Rigidty

© = Angle of twist in radians
| = length of shaft

fs = shear stress

R = radius of shaft



TORQUE TRANSMITTED BY SHAFT

T _ fs : :
— = — from torsion equation
Ip R
fs
o k —
T =1Ip o
T
But [p = — * D*
32
T — E * D4 X fS
32 R
T — E k D4 X fs*z
32 D



POWER TRANSMITTED BY SHAFT

— watts
60

P = power transmitted in watts
N = r.p.m of the shaft

Tmean = Mean torque transmitted in N-m



TORSIONAL RIGIDITY

Torsional rigidity or stiffness of shaft is defined as the product of modulus of rigidity
(C) and polar moment of inertia (Ip).

Torsional rigidity = C * Ip

T _ C6H
But — = —
Ip 1
T+l
¥ [, = —
C * Ip 2
. C g T+l
Torsional rigidity = -

If | = 1meter and © =1 radian

Then torsional rigidity = Torque applied



STRENGTH OF A SHAFT

The strength of a shaft means the maximum torque or maximum
power that can be safely transmitted by a shaft.



DIFFERENCE BETWEEN HOLLOW SHAFT AND
SOLID SHAFT

In the hollow shaft, the material at the centre is removed and spread at large radius.
Therefore, hollow shafts are stronger than solid shaft having the same weight.

The stiffness of the hollow shaft is more than the solid shaft with the same weight.

The strength of the hollow shaft is more than the solid shaft with the same weight.

The natural frequency of hollow shaft is higher than the solid shaft with the same weight.
The hollow shaft is costlier than a solid shaft.

The diameter of the hollow shaft is more than the solid shaft and require more space.

Hollow shafts are having a more polar moment of inertiq, thus they can transmit more torque
compared to solid shafts.

Hollow shafts do not transfer more power but the power to weight ratio of hollow shafts is
more as compared to a solid shaft.

Solid shafts, when subjected to bending, are stronger than that of a hollow shaft.



Numericals on TORSION
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Froblem 163, In a hollow circuler shaft of owter and inner dicmeters of 20 om and

[0 cm respectively, the shear streas iz not to eeceed A0 N mm®, Find the maximum gargiee which
the shafl can safely transmit,

Sol. Given -

Outer diameter, [} = 20 em = 2({ mm

Inner diameter, [, =10cm = LH} mm

Maximum shear stress, = 40 N'mm®

Lot T'= Maximum torque transmitted by the shaft.



4 d
- D,
=—T

16 Dy

annd 4
w[_.am wn]

20

. L .|
i  di) _IE w 0™ — 1= 10
16 200

= HRG04. .86 Nm. Ans.

-‘ = HEG)45360 Nmm



Problem 16.4. Two shafis of the same material and of same lengths are aubjected to the

e mn;rugr lll"' tﬁg ﬁlr_:j{ _'J;Mﬂ |!3: ||:ll|'.I I -Eﬂ'l!d r_:f,n:.;fﬂ?‘ ."ll‘.'ll:'ﬂ:ﬂlﬂ:- I'.'I-i'!-l'.'l.-' -tlF!-E -E'E'I.?ﬂ'u-{:l!: ;;.I'I_ﬂ_i&' E:B I:|||r 'r:l'{:'!ml"rl

sirewdar section, whose internal diameter is 303 of the outside diameter and the maximum shear
stress developed in each shaft is the same, compare the weights of the shajts,

(AMIE, Summer 1988)



Sol. Given :
Tweo shafta of the same material and same lengths (one ig aolid and other is hallow)
eransmit the game torque and develops the same maximum stress,

Let T = Torque transmitted by each shaft
¢ = Max, shoar stress developed in each shaft
I = Outer diameter of the solid shaflt
I, = Outer diameter of the hollow shafi

0, = Inner diameter of the hollow ghaft = 2 O

W, = Weight of the sclid shalt
W, = Weight of the hollow shalt
L = Length of each shaft
w = Weight density of the material of each shaft.
Torque transmitted by the solid shaft i= given by equation (15.4)

™



S ceel]
T 151.53 ;

Torgue transmitted by the hollow shaft is given by equation (16.6],

T=%1[E%-]——z[ -{zragﬂ*]

O -0 | & esp
A R IR -2

16 D, 16 " BixD,
;. .
o K By i
pls g1

As torque transmitted by solid and hellow shafis are equal, henee equating equations
(i and (i},

- _ L s
TR TR B"

n
T 1 1o both sides

G0 . 1
B-
ar 0 31.[5':;,

Cancelling



o 13 o
D= [% nﬂ’J -[EJ o, =09290,

81

L)

Now weight of solid shaft, W, = Weight density x Volume of solid shaft
= i ¥ Area of cross-gection » Length

=ux g DixL i)
Weight of hollow shali,
W, = w » Area of cross-section of hollow shaft = Length
=w:-:§u]n? -B,H]xL__wxEmuﬂ-mﬂn}?]xL
| i ' € 5
= |t -=nF = S xi e
_wx4{ﬂ 2 q]‘:-;L_wxiEgD,:, s L )

Dividing equation (o) by egquation (v},

I 0
“rs- wxq—ﬂ :':L E'.Ilj'i

H’ﬁ x D

-r =
[T E Rg.ﬂui = L Jﬂu

. 9, (os29Dy)"

S [

Welght of solid shaft -
Weight of hollow shaft 1

D = 0,928 D, from equation ({i]]



Problem 16.8. Find the moximuam shear stress induced in a solid eircular shaft of
diameter 16 om when the ghaft transmite 150 kW power at 180 rp.m.

Sal. (iven
Diameter of shaft, 0= 15 cm = 150 mm
Power tranamitted, P =150 W = 150 = 10° W
cpeed of shaft, N =180 r.p.m.
Lt r = Maximum sheasr stress indoced in the shaft
Power tranamitted is given by equation (16.7) as
BT
60

2xx 180 =T

D :
p. 180% 107 «60

' 2x x 180

Mow uging equation (16.4) as,

150 104 =

=7857.7 Nm = THRT700 Nmm

T
T = 2 ofn
18

_ I e
TLSTY00 = T w T x 15

16 7957700
= - =12 N'mm?®. Ans.

T —-

o .1.563



REVISION

(a) For solid shaft

T _f , .
— = — from torsion equation
I, R

fs
T =1Ip+=

(b) For hollow shaft

T _f , .
— = — from torsion equation
I, R

fs
T=1Ip+=

T
ButIp = — * (D* —d*
ut Ip 32*( a*)
_ T o gay s
T_32*(D d)*R

Ty oy s *2

T'=33+ (0" =d) =

7o (D* — d%)
= — x * —
16715 D



Find the torque which a shaft of 250 mm diameter can safely transmit if the stress does not exceed 46 N/mm?.
Solution
=21, fo * D3
16
T = " . 46 x 2503
16
T =141126232.7 N —mm

Calculate the length of wire of 10mm diameter so that it can be twisted through a complete revolution without
exceeding shear stress more than 40 N/mm?. Take G = 2.7 * 10* N/mm?

Solution Diameter of wire, D = 10 mm

Angle of twist, 8 = 1 revolution = 21t radians

Maximum shear stress, fs = 40 N/mm?

Radius of wire =D/2 =10/2 =5 mm

fs G0

R~ 1
l:G*Q*R
fs
l:2.7*104*27'[*5
40

1=21205.75mm = 21.205m

In a hollow circular shaft of outer and inner diameter of 200 mm and 100 mm respectively, the shear stress is not
to exceed 40 N/mm?2. Find the maximum torque which the shaft can safely transmit.

Solution Outer Diameter D = 200 mm
Inner diameter, d = 100 mm
Shear stress, fs = 40 N/mm?

7o (D* — d*)
= — Xk * —
A D

r s 40 (200* — 100%)
= — %k E3
16 200

T =58904862.25 N —mm

T =58904.86 N —m



A solid shaft of 200mm diameter is replaced by a hollow shaft having internal diameter 150mm. Calculate the
external diameter of hollow shaft is cross-section area of both shaft is same.
(a) Compare the strength of both shafts if the angle of twist is same for both shafts.

(b) Compare the angle of twist of both shafts if length of each shaft and shear stress produced in both shafts is
same.

Solution

Diameter of solid shaft D; = 200mm

Internal Diameter of shaft, d = 150mm

Outer diameter of shaft =D

Since the area of cross-section of both shafts is same.

T T
_D2:_D2_d2
Dt =207 - d?)

s w
) 2:_D2_1 2
72007 = ( 502)
D? = 400 * 10% + 225 * 10?
D? = 62500

D = 250mm

(a) Comparison of Strength
For solid shaft: From torsion equation

For hollow shaft

Tu _fsn
IPHf Ry
SH
Ty = E * Ipy
VA
_Jeux 35 (D* —d*)
"= D/2
r m (250* — 150
= % —
n=Fsu*1g 250
Now
*1(2504 - 1504)
Ty fsu*16\~ 250
- w
Ts fss * 12003
But fsy = fss
Ty 136 % 10°
Ts 8% 106
T
H-17

Tg



(b) Comparison of angle of twist
Let Bs is the angle of twist for solid shaft and B4 is the angle of twist for hollow shaft.
From Torsion equation

@:GS*BS
Rg ls
* |
65=f55 S
GS*RS
_fSH*lH
0y =
GH*RH
Jsu * Ly
6_]—1_ GH*RH
Os  fss*ls
GS*RS

fsu = fss and Gs = Gy

Oy Rs
6s Ry
Diameter of the solid shaft = 200 mm and Rs = 100 mm

Diameter of the hollow shaft = 250 mm and Ry =125 mm

0y 100

=——=0.8
0; 125



A solid shaft is subjected to a torque of 15000 N-m. Find the necessary diameter of the shaft if the allowable
shear stress is 60 N/mm?2. The allowable twist 1° for every 20 diameters length of the shaft. Take G = 0.8*10°
N/mm?.

Solution

T =15000 N-m = 15000 * 1000 N-mm or 15*10° N-mm
fs = 60 N/mm?

0 =1°=m/180 radian

Diameter of shaft =D

Length of shaft | = 20D

(a) Considering allowable shear stress

T 3
T:1—6*fs*D

15*106=%*60*D3

D3 =1273239.545

D =108.4 mm
(b) Considering allowable twist
T GO
I 1

s
But we know Ip = 3" D*

15*106_0.8*105*7T

312*04 ~ 180 20D

D3 = 2188537.567
D =130mm

Suitable diameter of the shaft is 130 mm



A hollow shaft is to transmit 250kW at 80 rpm. If the shear stress is not to exceed 60 N/mm?and the internal
diameter is 0.6 of the external diameter. Find the external and internal diameter assuming that the maximum
torque is 30% more than mean torque.

Solution

Power = 250*10° Watt

N =80 rpm

D = External diameter of the shaft

D = Internal diameter of the shaft = 0.6*D

2nNT,
P — mean
60
2x1* 80 * Thyean
250000 =
60

Trmean = 29841.55 N —m

Tmean = 29841550 N — mm

Given that Tyax = 1.3 * Trean

Toax = 1.3 ¥ 290841550 = 38794015 N — mm

T_n D* —d*
EETA N

38794015 = —— « 60 b? - (0.6D)"
= — % | —
16 D
38794015 = —— « 60 - 013"
= — % | ——
16 D

D3 =3784986.5

D =156 mm



A solid shaft of 150 mm diameter is to transmit 180 kW at 100 rpm. Determine the angle of twist for a length of 5
m, if the maximum torque exceeds the mean by 40%. Take G = 8*10* N/mm?.

Solution

D =150 mm

Power, P = 180kW = 180000 W
Speed of the shaft, N = 100 rpm

Length of shaft, | =5 m = 5000 mm

27NT,
P: mean
60
2 100 * T,
180000 = 1~ 60* fear

Tonean = 17188.734 N —m

Tomean = 17188734 N — mm

Giventhat Typgx = 1.4 * Tpean

Tax = 1.4 % 17188734 = 24064227.6 N — mm

T
But we know Ip = 3" D*

s
Ip = 32 * 150* = 49700977.53 mm*

24064227.6 N _8x%10*+6
49700977.53 5000

6 = 0.03 radians

180
6=0.035—=172°
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