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INSTTTOVS;

“+ Torsion is the moment applied Iin a plane containing the
longitudinal axis of the beam or shaft.

e.g. Shaft transmitting torque or power, | beams, Portico beams,
curved beams, closed coll springs.
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(a) Shaft under torque. (b) Internal torque T.

(c) Variation of shear stress in (d) Deformation, or angle of twist, <.
cross-section.
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Assumptions

« The material of the shaft is uniform throughout

« Circular sections remain circular even after twisting
« Plane sections remain plane and do not twist or warp
« Stresses do not exceed the proportionality limit

« Shaft is loaded by twisting couples in planes that are

perpendicular to the axis of the shaft

« Twist along the shaft is uniform

« The distance between any two normal cross sections remains the same
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LLTTITITIONS

7 GO0 T
Torsion Equation: 7 ]/ R

J
T=7.—— 1 =74
R P
: Torgue or twisting moment
: Diameter of the shaft
: Polar moment of inertia
: Shear Stress

: Modulus of Rigidity

e Q@ g BN

» Angle of the twist
[ : Length of the shafit

R : Radius of the shaft
11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 5/74



TmZp

The torsional resistance of the shaft is proportional to the polar modulus of the shaft.

Polar modulus of the section 1s a measure of the strength of shaft in torsion.

L . D’
Polar moment of inertia for solid circular shaft, J :?

o | (D —d)
Polar moment of inertia for hollow circular shaft, J = 32
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or a given shaft, J and R are constants.

Polar modulus, Z, = i
R
3
For solid circular section, 7/ = 7D
z 16
a(D*—d?h)

For hollow circular section, 7 =
z 16D
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T _gGo o= 1L
J 1 G.J

For a given shaft & ./and J are constants.
GocT
The angle of twist &is directly proportional to the twisting moment T .

GJ : Torsional rigidity
GJ 1
[ o

If I and &be unity, then GJ =T
Torsional rigidity ( GJ ) is the torgue that produces a twist of one radian in a shaft of

unit length.

A
T=—R
J
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The maximum shear stress occurs on the cross section of the shaft at its outermost

surface.

Shearing stress varies directly as the distance » from the axis of the shaft. The shear

stress distribution diagram in the plane of cross section is shown in fig.

e 8 CSelion Balk
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Power transmitted by the shaft <

Workdone by the torque = 17" 2t N N-m/min
Power transmitted by the shaft =P kW

= Px103 N-m/sec (1W =1 J/sec =1 Nm/sec)
= 60 Px10° N-m/min

Equating the workdone by the torque to Power transmitted by the shafi.

P:27Z'NT KW P:27Z'NTI_IP
60000 ——— 45000

P : Power transmitted by the shaft

N : Rotational speed of the shaft. rpm
7 : Average or mean torque, Nm
Average or mean torque is considered for computing the power.
For determining the diameter of shaft. the maximum torque (and not average torque) is

taken into account because the maximum shear stress developed is ensured to be within

safe limits.
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Stresses in shafts

The maximum shear stress occurs at the outermost surface of the cross section.

The maximum longitudinal shear stress occurs at the surface of the shaft on the
longitudinal planes passing through the longitudinal axis of the shaft.

The maximum tensile stress (major principal stress) occurs at planes 45° to the maximum
shearing stress planes at the surface of the shaft.

The maximum compressive stress (minor principal stress) occurs on the planes at 45° to the
longitudinal and the cross sectional planes at the surface of the shaft. This stress is equal to
the maximum shear stress on the cross section.

Maximum shear stress on the cross section of the shaft Is the
significant stress for design.

For most engineering materials, shear strength is small as compared to the tensile and
compressive stresses.
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MODULUS OF RUPTURE

Modulus of rupture 1s defined as the maximum fictitious shear stress required to rupture

the shaft based on the ultimate torque.

 T..R
e — 7
7, : Modulus of rupture in torsion

7,, : Ultimate torque at failure

R : Outer radius of the shaft
J : Polar moment of inertia
The torsion formula is not applicable beyond the limit of proportionality.

The actual shear stress at the ultimate torque is uniformly distributed across the cross

section.
12
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Comparison of solid and Hollow shafts

i hys ct th-
Both the solid and hollow Efiaf(tjgg,‘aqr?anscagjg_e ilerclgrﬁlnanlatmal same welght and same

maximiumn: shear stress.

T2 Torgue transmitted bw the hollow shaft

¥ - Torgue transmitted bw the solid shaft

.- Extermal diameter of the hollow shaft

o - Intermal diameter of the hollow shaft Fi — =

Let s =2

2
Ty 2241 o,
7. 2221

The torgue transmitted bv the hollow shaft is greater thaan the solid shaft of

same weight.

+ The hollow shaft is stronger than the solid shaft for a given weilght (or cross

11/19/2023 ~ sectional area). 19ASB201-AMOSMEHRUK/AERO/SNSCT 13




b. Comparison by weight: -

VST

Both the solid and hollow shafts have the same length, material, same maximum

shear stress and same torque.

W, : Weight of hollow shaft WH - ( 7> ~1) 123
W, : Weight of solid shaft (0t _1)23
. . Weight of solid sha WS (n* -1)
Let n=2 H;,?'H - (22 B 1)(2)23

ro 4 75— = 0.7829
W 2"-1

Weight of hollow shaft is less than that of solid shaft subjected to same torque.

Hollow shafts are economical compared to solid shafts in resisting torsion.

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 14
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Strength comparison (same weight, material, length and 7

‘max )

T, n =1 Tr7] — External diameter of hollow shaft

T. ndn?-=1 ’ Internaldiameter of hollow shaft
e Weight comparison (same Torque, material, length and 7 )

2 _ 1\ p2/3 :

w, (’7 - )n Where. n= Externaldiameter of hollow shaft

W, (n4 _ 1)2’3 ’ Internaldiameter of hollow shaft
e Strain energy comparison (same weight, material, length andz7___)

U, n°+1 1

= > == 1 —+ _2
U n n

S
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Composite shafts

11/19/2023 19A58201-AMO$JNEHRUNK/AERO/SNSCTI o



If the shafts are connected in series,_ ) N’
i. each shaft transmits the same torgue, and
ii. the angle of twist is the sum of the angel of twist of each shaft
T =T = e -7
E =6+« 6y = ..
|
T T ] I - Torgue transmitted bv each shaft
H . 1 _I_ =2 _I_ ]
""""""" .05, ... Respective lengths of shafis
GIJI GEJE '
GGyl - Respective modulii of ngiditwv
I i Ji. T o .....- Respective polar moment of inertia
= l 2 ..
LE LE S
If the shafits are made of same matenal, T El i]-rg
Gy =Gy = ... = G &= +— t . .
G\J
21
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B. SHAFTS IN PARALLEL S¢S

If the shafts are connected i1n parallel,

1. the angle of twist 1s same for each shaft
11. the applied torque 1s divided between the shafts
6, =6,=.........= 8

o t I
I_igl _ I;"Tg L ). B A ; i /
Gl""rl Gg '-’rg ------------- ’ 4 | 7 L A—— fz ' (ISR, (¥,

=1 +7,+. ..

If the shafts are made of same material,

G =G, —ceeevee... =G
IIEI - Tzfz . o 1L
J1 Jz N G,J, +G,J,

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 22
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If the torque i1s shared equally by the two shafts,

R
11 12
7 =7 — ZIJZ =lz‘]1

1 2
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SHAFT FIXED AT ITS BOTH ENDS:

The angle of twist 1s same at B for the members BA and BC.
6, = 6,

]; ll a T2 12
Gl Jl G2 JZ

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 24 /74



If G and J are same for portions AB and BC,
T =T,1, eeeeeanne.. (i)
Torque is distributed inversely proportional to their lengths. Torsion 7 is shared by

the two members.

T =T, +7T, eeeee... (i7)

From (7) and (if)

r-7-2 | n-r_ 4
I +1, - I + I

T, =T, . torque required in a short portion of a shaft is more for the same angle of

twist.

r, > 7, the maximum shear stress developed in short portion of a shaft is more

1

than that of a long portion of the shaft.
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TORSIONAL RESILIENCE:
Torsional energy = Work done by the torque

= Average torque < Angle of twist

U = l 1.6
2
72
For solid shaft. U = ——x Volume of the shaft
’ 4G
Torsional resilience per unit volume o 4 G
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For hollow shaft, U = G < Volume of the shaft

2 D ad’

Torsional resilience per unit volume - 2
P 4G D

DD External diameter of hollow shaft
d : Internal diameter of hollow shaft

For a very thin hollow shaft /) is nearly equal to &,

U= £ = V olume of the shatft
2G

Strain energy stored in a solid shaft D’

For the same volume, - - = — -
Strain energy stored in a hollow shaft D™ +d~
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COMEBINED BENDING AND TORSION:
When the shaft is subjected to combined bending and torsion, both the shear stress due

to torsion and bending stress due to bending are induced in the shaft.

l
The principal stress are O maxmin > 2 \/CF + 47
__32M
Bending stress, o ?I'D3
167
Shear stress ¢ — ;?Z'DS
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16T [ AL+ \/ V2 T2 ] LTINS

1 2 2
Equivalent bending moment, M, = E (M + '\/M +1"")

2 2
Equivalent torque. TE — (\/M + 1 )

o, — O 1 5 =
e 3 3 >
Maximum shear stress, Tmax > — E\/ o 4+ dr
16 —
T = ——a NM? +T7
D

T 1s also used to evaluate the magnitude of the maximum shear stress.

tan 260 = et _ 1L
o M
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WSTITITIONS

A twisting moment T=— 100 KIN-m is applied at the free end. The torsional

rdgidity G is 30000 KEIN-m</rad. Following statements are made for this shaft.

I. The maximum rotation is 001 rad

II. The torsional strain energwv is 1 kKIN-m CE 2004
With reference to the abowve statements. which of the following applies™

a. Both statements are true b. Statement I is true but II is false
c. Statement II is true but I is false d. Both the statements are false

B

Length of shaft IT.—= > m

Twwristing moment, T= 100 KEINm
Torsion rigiditv. GJI= 50000 kIN-m</rad
Torsion formula. Ez 7 2;

J7 _100=5

Maximum rotation, & = = =0.01 rad

G 50000

Torsional strain energw, L7 = %_T_-E' = %K]Dﬂ =0 01=0_5 KINm

—— —

11/193R3 ce. statement I is true biifABB2D1-AMDSAEHRU.K/AERO/SNSCT 31/74



»_?_._ A circular shaft shown in the figure is subjected to torsion ¥ at two points A and

LLTTITITIONS

B. The torsional ngidity of portions CA and BD 1s ./, and that of portion AB is

&7, . The rotations of shaft at point A and B are & and &, . The rotation &, is

My A A o,

; 4= < s

- i T .

| k | k : = i CE 2005

I I I Ii
a. b. C. d.
02 B

y .Y L el
:‘5 1 = i
e b L — -

Bv symmetry. the shaft shows that there is no torsion on the portion AB. Hence
Torgue T is acting on each of the end portions AC and BI).

¥  GHe ¥

F f G
For portion AC or BD. & = {1
G

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 32/74



03. A long shaft of diameter & is subjected to twisting moment I at its ends. The

maximum normal stress acting at its cross-section is egqual to CE 2006
161 32T 64T
a. ZEero b. — c. - d. ——
o el b el
03 B

Let & IDiameter of the shaft
T : Twisting moment
- Maximum normal stress

T - Maximum shear stress

Torsion formula is E = ﬁ =£
L R
I I 4 16T
r:n.ﬁ =—_R= e
g Tl 2 o

Maximum normal stress 1s zero.

Dhe to twisting, the shaft is subjected to onlv shear stress.
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04

0.

The maximum and minimum shear stresses in a hollow circular shaft of outer

diameter 200 mm and thickness 2 mm,_ subjected to a torgue of 927 N-m will

be CE 2007
a_ 59 MPa and 472 MPa b. 100 MPa and 80 MPa

c. 118 MPa and 160 MPa d. 200 MPa and 160 MPa

B

COuter diameter of shaft D= 20 mm
Thickness of the shaft t =2 mm
Inner diameter of shaft d =20 — 22 =16 mm
Torgue T =927 INm
I G&

. . . T
Torsion 2Juation 1s —=——= —
Fe

Polar moment of inertia, J = 3_"‘1 (D* —d*y = 3_"‘1 (20* —16*)= 9274 mm*

Maximum shear stress occurs at the outer surface and minimum shear stress
occurs at inner surface of the shaft.

g, 3 ; g, 3
_ 227107 1p=100N/mm? == —22.7x10

Toax T i » 8 = B0N/mm?
9274 i 9274

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT
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diameter « subjected to a torque T is T . If the torgue is increased bwv four times

and the diameter of the shaft is increased bv two times. the maximum shear stress

in the shaft will be CE 2008
a. 271 b, T c. T/2 d. /4

05, C
I - Torgue

T - Maximum shear stress

o - Diameter of the solid circular shaft

=47 . &, =24 . R =2R : r
Torsion formula is, £=E=£ f=£
L R J
4 4
Polar moment of inertia, J = Td = TR
32 2
- 4
T TJ.'J 'R} ri\D,) R (2y* 2
T
1'-_1:;
11/19/2023 -
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= q,g"g 06. A hollow circular shaft has an outer diameter of 100 mm and a wall thickness of |-

25 mm. The allowable shear stress in the shaft is 125 MPa. The maximum torque 777"

the shaft can transmit is CE 2009
a. 46 KINm b. 24.5 KINm C. 23 KINm d.11.5 kKINm

- €

Outer diameter of the shafi.D= 100 mm

Thickness of the shaft.t= 25 mm

Internal diameter of the shaft.d= 50 mm

Allowable shear stress in the shaft. =125 MPa

Torque transmitted by the shafi. T =72

, T G8 T
Torsion formula, —= — = —
J ! F

Outer radius of the shafi. R= 50 mm

Fr Fr
Polar moment of Inertia. J = 5 (D* —d™) = 3 (100 —50%)=920.3x10*mm?*

125
J =" x920.3x10%=23.0%10%\Jmm=23.0 KNm

T
T =—.
i 50

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 36 /74



' A sold circularshaft of diameter d and length L is fixed at one end and free at the éﬁ
otherend. A torque T is applied at the free end. The shear modulus of the material is S

G . The angle of twist at the free ends is CE 2010
1671 327L 647L 1287L
a. - b. - C. - d. -
zd G zd G zd G zd G
07.B

Diameter of solid circularshaft: 4
Length of shaft:LL
Applied torque:T
Shear modulus:G

3
Polarmomentof inertia. J = ’; ‘;
Torsion formula. z _Go_—
J [ R
- L
Angle of twist, @ = I - - . 3274’L
32
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08. A solid circular beam with radius of 0.25 m and length of 2 m is subjected to a

twisting moment of 20 kINm about the z-axis at the free end. which is the only

load acting as shown in the figure. The shear stress component T, at point * M °

in the cross-section of the beam at a distance of 1 m from the fixed end is

50 KN Poimnt M
20 KNm
WY | ~
L -
| D
L 2 m N - .
| | L ross seciion
CE1 2018
a. 0.0 MPa b. 0.51 MPa c. 0.815 MPa d. 2.0 MPa

08. A
When the solid circular beam subjected to twisting moment about z axis. thenthe

shaft is induced to shear stresses in zv and A= planes only. The shear stress in

the xyplaneis equal to zero.

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 38/
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39. A hollow circularshaft has an outerdiameter of 100 mm and inner diameter of 50

mm. If the allowable shear stressis 125 MPa. the maximum torque (in kN-m) that

the shaftcan resistis........ CE2 2017

390. 23
Outer diameter of hollow shaft. D, =100 mm

Inner diameter of hollow shaft. D, =50mm

Allowable shearstress. =125 MPa

—m——

Prcme ™ ST | D — D3 | =125X2.[ aal (1004—504)]=23.o % 106 Nmm=23.0 kNm
100 | 32

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 39/74
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GATE ME
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same outside diameteris :

15 3 1
a. b — C. —
=16 4 =
01. A
D: Outside diameter of hollow shaft
d: inside diameter of hollow shaft
B =2
T, - Torque carrying capacity of a hollow shaft.
T, : Torque carrying capacity o_f a solid shaft.
Torque. T =7.Z2
7T (D4 — d’“)
s SRR 5 16D D* —d* [1]4 s S £
== - 3 — - =1—] — = —
5 7wz D D 2 16 16
16D

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT

torque carrying capacity to that of a solid shaft of the same material and the

GATE ME 1993

1
16
,/’K , \\k o
' !.‘ : y. A '
\\ . _oh
hollow shaft

Solid shaft
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S g o

Pt 7‘

% VAT o 4

P i
S

= gL

02. The compound shaft shown is built-in at the two ends. It is subjected to a twisting

moment 77 at the middle. Whatis the ratio of the reactiontorque 7; and 7, atthe
GATE ME 1993

ends?
a. 1 b. l C. i d. i
16 8 4 2
02. a
- - # Z
2 A& Z
.Y Céf X ?)"?f
// £
== —2_. e L- >
At the joint of the shaft. 6, =6,
[TL ) _ ( TL )
GJ /, GJ /),
4
J: Polar moment of Inertia = }T;;
T:L I L _ T — T, 5 4
4 4 2 y A S
G.?Z'd . z(2d) 16 I 16
32 32

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT
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that of shaft B is:
a. 2 b. ! c. 1
2 4 8
03.C
d, -diameter of shaft 4
d. -diameter transmitted by shaft d, =2d,
> !
5 S p= 2T N oy
B, 60,000
N: speed. rpm | T: Torgue
. _Ts PaT Torque. T =7.Z
B Ip
2 d;‘ o 7 Fora given material 7 isconstant. T e d°
P, d 16
i
\zZ) s
11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT

”“ Two shafts A and B are made of the same material . The diameter of shaft B is

H
o 5
2 VA
s

GATE ME 1994

..
16
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INSTHIOIPNE;

04. A solid shatt can resist a bending moment of 3.0 kKNm and a twisting moment of

4.0 kNm together . then the maximum torque that can be applied 1s
a. 7.0kNm  b.3.5kNm c. 4.5 kNm d. 5.0kNm GATE ME 1996

04. D

Bending moment, twisting moment
M= 3 kNm T= 4 kKNm

T : Equivalent torque

M T? =37 +4° =5 kNm

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 44 /74
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7 A

pure torsionis 240 NMPa .If the shaft diameter is doubled then the maximumshear

stress developed corresponding to the same torgue will be GATE ME 2003
a. 120 MPa b. 60NMPa c. 30 MPa d. 15 MPa
05. C
Tmax - Maximum shear stress= 240 NMPa Torsion formula is % = %
16T J o
r = I'=r.—=r.
T od” R 16
ra —
df!-
d, - diameter of shaft 1 r, - maximum shear stress in shaft 1
d, - diameter of shaft 2 7, - maximumshear stress in shaft 2
3
£ d> | 7 2d ) 8
¥,
= =220 30nPa
- 8 8
45 /74
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e

torsional stiffnesses of individual sections of lengths MIN. NO and OP are 20
Nm/rad. 30Nm/rad and 60Nm respectively. The angular deflection between the

s B8 06. A torque of 10 Nm is transmitted through a stepped shaftasshown in fig The >

FIrurions

ends M and P of the shaftis GATE ME 2004
= =,
a. 0.5 rad b. 1.0 rad c. 5.0rad d. 10.0 rad
06. B.
o - J '} K '}
a5 = 10 1 10 1
. 0o 2 ¥ 30 3
& : Angleoftwist and k: Torsional stiffness
10 1
e —_—ee—— ——m e——
oP 60 6

@ - Angulardeflectionbetweenthe ends A/ and P

I A 1 3+2+1 6 E
= By + Oro + EBpp =5+§+g = = & —1 radian.
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LLSTITITIONS

07. A solid circular shaft of 60mm diameter transmits a torque of 1600NM.The value

of maximum shear stress developed 1s GATE ME 2004
a. 37.72 MPa b. 47.72 MPa c.57.72 MPa d. 67.72 MPa
07.a

———

d: Diameter of the shaft = 60 mm
T: Torque = 1600 Nm

. 167 16x1600x10°
7 - maximum shear stress = —

MAN © it T aﬁ H(6ﬂ)3

r__=37.72 MPa
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£ Couping D
08.The two shafts AB and BC. of equal length and d J 2d i
diameters d and 2d.are made of the same material . They are % i { ./'/
joined at B through a shaft couplings .while the ends A and % T ? %

C are built —in (cantilevered) .A twisting moment 7 is |4 L ole b
A e C

applied to the coupling.If 7 and T represents the twisting
moments at the ends A and C . respectively. then GATE ME 2005

a. T, =T, b. T =8T, e. T.=16T; d. T, =16T-
08. C
Angle of twist at the junction B issameinshaft 4B and BC
Ops = Ozc
Tl ... L ‘ Gy M
zd* z(2d)"* p, - T ~¥
G. G' (\. ) T ~A ' 9 A\ ) -
32 32 i f : :
¢ & |
T, 1.
= — 1. =16T
d4 16 d4 < A
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the shear stress is :

647 32T 167
a. 3 b. 3 C. 3
wd wd wd
09.c
. : {
Torsion formula 1s — = =
J R
i ya T d
7. - maximum shear stress=—.R = + -
> § zd 2
32
16 T
. .

S

End condition : both ends pinned

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT

e e o i B o i

GATE ME 2006

8T

d. -
zd’
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10. A stepped steel shaft shown below is subjected to 10 N-m torque. If the

modulus of rigidity is 80GPa , the strain energy in the shaft in N-mm 1is

/) T=(ONn
7 (/—V
7 . —
——————————— i T A, = 25 wawna |

j G~ dy=Sowe L 2
/\.é = e St A< — | O &nARA =)

GATE ME 2007

a.4.12 b. 3.46 c.1.73 d. 0.86
50 / 74
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= ‘:""; :, ’%‘x = W@
¥ ~»
ey 10. C HITUTIONS

L"=J' - _dx 2 T=lO N
o 2GJ %' @‘a-____-(‘
e e e e e T = 1= 28 mamn
2 @ ds"_‘_S‘O\L\V»\ N
_IE é}
2G J d_\‘j 1DQMM_—__;-}<———~—’—"IDC»~\1~\ et
Torque, T=10Nm
Modulus of rigidity. G=80 GPa
: rd*®
Polar moment of Inertia., J = 35

Strain energy in the shaft. U = U, + U,

U=T2 L L, _ (10x10%)* =100 32 32
2G| .Jy. Iy 2x80x10" 7 (50)* =z (25)°

U=1.73 Nmm
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“@%11. A solid circluar shaft of diamter 100 mm is subjected to an axial stress of 50

« e d
2 VALY g
%

>
MPa. It is furthur subjected to a torque of 10 kNm . The maximum principal stress

experienced on the shaftis closest to GATE ME 2008
a.41 MPa b. 82 MPa c. 164 MPa d. 204 MPa
11.B

Diameterof shaft. d= 100 mm
Axial stress. & =50 MPa
Torque. T=10 kNm

&
Shear stress due to torque., 7 = —
r

__ 16T _16x10x10°

= - = — =50.93 N/mm?*
xd 7 (100)

Maximum principal stress.

= = ; O +-:1?J(0"x — o, )2+ ar?

_50+0

#; 5 \;{(50 < 0)2 + 4(50-93)2 =25+56.7: o©,=81.7 N/mm*
11/19/203 2 = 19ASB201-AMOS/NEHRU.K/AERO/SNSCT 52/74
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12. A solid circular shaft of diameter 4 1s subjected to a combined bending moment

M and torque, I'. The material property to be used for designing the shaft using

the relation 7 © T GATE ME 2009
T

a. ultimate tensile strength (S) b. tensile yield strength (S))

¢. torsional yield strength (S ) d. endurance strength (S,)
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a

Diameter of solidshaft =d Bending moment = M Torgue=T
- _J.'-'llv'{ o
Bending stress, o = = 52 11{
Z Td
T
Shear stress, T=—_R = 161:
J Td”
3241:1' L 3241;1’ L4 161’:
o Td’ T d” Td’
Principal stresses. &, , = >
o, = 163 L&fi«fﬂff +T::|
' T
: o, — O, 16 3 3
Maximum shear stress, 7 = = — E q,."r M-+ T
2 Td”
: : 16 > >
Therefore, Torsional yield strength., S, = —~f M+ T

o

11/19/2023 19ASB201-AMOS/NEHRU.K/AERO/SNSCT

54 / 74



is applied at a distance, % from the left end as shown in the figure given below.
V¢
? e 2
7 %
As é ./ J// L
et eSS =
The maximum shear stress in the shaft is GATE ME 2009
. leT, L 120, | B o 5L
wd’ rwd’ wd’ wd’

55/74
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~ a_

< :13- B I TIons
Equilibrium equationis 7; + 7, = 7,....... 1)
: . I G T
Torsion formulais — = =
F. L R
AtC, 6, =6,
For the some diameter and material of the shaft, Torqueis inversely proportional to
the length.
' 2
T oc - Z } Z
cC — A— = e = — — o S s e S | St ey | o
A () < =2 Z
B A7 = AL
7 | B
LI =1L, it = =
4 i
£ = To Z
1 i 7, ZL o= =] T
b 54)
MA— =
BB ()
7, 3
3L, +1, =1, = T2=T= 1;=Z-To
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Also shear stress is proportional to the torque 7 o< T

Therefore, the maximum shear stress induced is the bar due to torque 7, .

T_ T
J R
16 3 7’
_ R VAR 40 127
i d  xd ad
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14 A torgue T is applied at the free end of a stepped rod of circular cross-sections as ~>» B
LTI TIONS

showmn in the figure. The shear modulus of the material of therodis & . The
expression for & to produce an angular twist @ at the free end is GATE ME 2011

L & & —i

— aI]::

a [ 32 TL/=&G]"* b. 18 TL/meG1"* c[16 TL/ mecG)"? d[ 2 TL/ =ecG]"*
14. B

& : Angle of twist at the free end = & + &,

Torsion formula: E =E=£
L R
4
Angle of twist, E:E J : Polar modulus = Td
G 32
_(ILy (1L} B 7T L T2 T [32+31}
WGJT ) e LGT ) = 24) & Td? G adi|le 2
32 32
187 .1 F187 Y
&= T - d =] I
G.rd \TOG )
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8l 5. A solid circular shaft needs to be designed to transmita torque of SONm.If the >

SIITUTIONS

allowable shear stress of the materialis 140MPa.assuming a factor of safety of

2. the minimum allowable design diameter in mm is GATE ME 2012
a. 8 b. 16 c. 24 a..32
15: B

Torque, T=50Nm
Allowable shear stress, 7___= 140 MPa

Factor of safetv,. F =2

Diameter of the shaft. d =2

: 167
T - Maximum shear stress =

max 3

xd

140 16x50x10°
2 rd’

d=15.4 mm
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16. Two solid circular shafts of radii R, and R, are subjectedto same torque. The

maximum shear stresses developed in the two shaftsare r, andr,. If R /R, =2

.then 7, /7, is......... GATE ME3 2014

Ans: 7.9 to 8.1

16. 8
Radius of two solid circular shafts: B; and B> two shafts are subjected to same
torque. I, =T,

Maximum shear stress in two shafts: T, and T,

_=:-:_"__ = =r_:|-
R, T,
o D7 TR
I'=r =
16 2
3 3
i g T i
T, =T,= 7. 25 _, T
= ¥ = ¥
= =
T R T . T
=" = - =(2y = =~ =8
T, R T, T,
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L

or
"‘ i ’e‘
> o
B 2
= A A
S Wy
o ©ab ), - R
b / FJ
“a

R " . . . ' . . ;
= 17. Consider a stepped shaft subjected to a twisting moment applied at B as shown in GRS

>

2

-----------------

e GATE ME 2015

All dimensions

fl‘ONm inmm
s ¥
o f =)
— = — (;-— — jp— —-g.—
v 8 T ¢
A 500 500
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Modulus ofrigidity, G = 77 GPa

Angle of twist 1s same between B and C since no torsion induced in BC
— 6, = Uy

Torque. T = 10 Nm

Diameter of shaft. D = 20 mm. Length of shaft. L. = 500 mm

Angle of wrist, &, ZE
G.J
o, — 10x10 xﬁgg s 180 _ 530
77x10° x F329D &
32
6. =0.237°
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~ ..

. A hollow shaft of 1 m length 1s designed to transmit a power of 30 KW at 700 Ip?n..u,,,,,,;

The maximum permissible angle of twist in the shaft 1s 1°. The inner diameter of the
shaft 1s 0.7 times the outer diameter. The modulus of rigidity 1s 80 GPa. The outside
diameter (in mum) of the shaft is.... GATE ME 2015
Ans: 45 to 45
18.44.52
Length of hollow shaft, L= 1m
Power transmitted. P = 30 kKW
Angular speed, N = 700 rpm
The maximum permissible angle of twist, 8 =1°

Out diameter of shaft, D, =D=7

Inner diameter of shaft, D, =0.7D

Modulus ofrigidity, G = 80 GPa
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LLSTITI IO S

2aNT

P —
60000
30= 27X 790xL |+ 40925 Nm
60000
Polar moment of inertia. J——(D D )
=" | D* —(0.7D)* |=0.0746 D*
32
o_ IL 7 409.25%10%x1x10°
=  — = Ix— = ,
G.J 180 80x10°>x0.0746D"

D* =3929004.3 =D = 44.52 mm
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respectively) needs to transmit 20 kW power at 3000 RPM. If the maximum

permissible shear stress 1s 30 MPa, d| 1s... GATE ME 2015
a. 11.29 mm b. 22.58 mm c. 33.87 mm d. 45.16 mm
19.B

Out diameter of shaft = d
Inner diameter of shaft = .
d,=2d., d,=?
Power transmitted, P = 20 kW
Angular speed, N = 3000 rpm
Maximum permissible shear stress, 7___ =30 MPa
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7 AN 4 47 _ 3
Z_—lﬁdﬂ (d, df)_mdﬂ[dﬂ (0.5d,)" | =0.1841d,
2ZNT 27 30007
p="—=20="2 = T=63.66 Nm
60000 60000
T 63.66x10°
r =  —30=d =11.53x10°, d, = 22.59mm

" Z 0 0.1841d;
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, 85 17. A rigid horizontal rod of length 2L is fixed to a circular cylinder of radius R asﬂ“g

Torls

shown in the figure. Vertical forces of magnitude P are applied at the two ends as

shown in the figure. The shear modulus for the cylinder is G and the Young’s

Modulus 1s £'. GATE ME2 2016

The vertical deflection at point A is

PI’ P’ 2 PI 4 pPr’
- — b —— YO s —

TRYG " ZRYE " ZR*E " 7RG
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LILSTITUTIONS

Radius of circular cylinder = R

Torque produced on cylinder, I = 2PL

4
Polar moment of inertial. J = ’Tf
. s
Angle of twist, 8 = —
GJ

2PL.L 4PI"

G ;:'rf* B TRYG

Deflection at point A, &, =6.L

-

AP’ 4P’

TR'G T maR'G
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21. A shaft with a circular cross-section 1s subjected to pure twisting moment. The
ratio of the maximum shear stress to the largest principal stress is
GATE ME2 2016
a.2.0 b. 1.0 c. 0.5 d. 0
21. B
When the shaft 1s subjected to pure twisting moment, only shear stress induced 1n 1t.

Largest principal stress 1s equal to the maximum shear stress.

fmax — 2 1 0

O, T
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have the same length and polar moment of inertia. Both are subjected to same

torque. Here, &_is the twist and r_ is the maximum shear stress in the solid shaft.

whereas &, isthe twistand 7, isthe maximum shear stress in the hollow shaft.

Which one of the following is TRUE? GATE ME3 2016

a. 8.= &y and 7. = 1,

—

b. . = Gy and T, = Ty
c. 8. Gy and T, < Ty

d. 6. =g and 1. < 1y

For solid and hollow circular shaft have the same modulus of rigidity ( G ). length

( L ) polar moment of inertia ( J ) and subjected to same torque (T ).

Angle of twist, & = 1 = &, =86,
GJ

Maximum shear stress. r = L — T = i —= TaR = 1. < T,

£ J i

R
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23. A bar of circularcross section is clamped at ends P and Q as shown in the figure. TITUIISNTS

A torsional moment 7= 150 Nm is applied at a distance of 100 mm from end P.

The torsional reactions (7, . 7, ) in Nm at the ends P and Q respectively are

(All dimensions are in mm) GATE ME2 2018
T
3 ‘j =
{E = =
\ 100 200
i'( > »>

(All dimensions are 1o nun)

a. (50. 100) b. (75. 75) c. (100, 50) d. (120, 30)
23.¢
TT=\1S ok v
R S A
W INCIVIN - 17
SN o 300 Z— e Z
L—, lco ——t< PO — ~>{
e T.a B 150x<100 RN
> L 300
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A cvlindrical rod of diameter 10 mm and length 1.0 m is fixed at one end. The other

end is twisted bv an angle of 107 bv applving a torgue. If the maximum shear strain
in the rod is p=x10—, then p is equal to.... (tound off to two decimal places)
GATE ME 2019

20, 0.873

Length of cvlindrical rod,. L. =1_0Om

IDiameter ofrod, ID=10mm_ E =5>mm

Angle of twist, &=10°

Maximum shear strain in therod. ¢__, =7

';:'I}:uax :PKID__:
: : N A €~ S
TEII.'EIEII'.L E'quELtll:IIl 15 — — =
J L R
G& I'_:l:u.a r:'l:l-ﬁ R& . R&
I R G I I
5310w
G = 180 —p g727=10-2
1 10°
P —0.8727
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