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institutions.
Best wishes for future career.
R.K. Rajesh
Director
Engineers Institute of India
eii.rkrajesh@gmail.com

Published by: ENGINEERS INSTITUTE OF INDIA-E.I.I.
INDIA
 ALL RIGHT RESERVED
28B/7
/7 Jiasarai Near IIT Hauzkhas Newdelhi-110016
Newdelhi
ph. 011-26514888. www.engineersinstitute.com
www.engineersin

MECHANICAL GATE Solutions

CONTENTS
1.

ENGINEERING MECHANICS.................................................

01-40

Theory …………………………………………………………………. 01-29
GATE Papers……………………………………………………...... 30-40

2.

STRENGTH OF MATERIALS ..................................................... 41-101
Theory …………………………………………………………………. 41-58
GATE Papers……………………………………………………...... 59-101

3.

THEORY OF MACHINE ............................................................. 102-164
Theory …………………………………………………………………. 102-122
GATE Papers……………………………………………………...... 123-164

4.

MACHINE DESIGN .................................................................... 165-214
Theory …………………………………………………………………. 165-191
GATE Papers……………………………………………………...... 192-214

5.

THERMODYNAMICS ................................................................. 215-266
Theory …………………………………………………………………. 215-246
GATE Papers……………………………………………………...... 247-266

6.

REFRIGERATION AND AIR CONDITIONING ............................ 267-299
Theory …………………………………………………………………. 267-284
GATE Papers……………………………………………………...... 285-299

7.

INTERNAL COMBUSTION ENGINE .......................................... 300-319
Theory …………………………………………………………………. 300-310
GATE Papers……………………………………………………...... 311-319

8.

POWER PLANT ENGINEERING ................................................ 320-358
Theory …………………………………………………………………. 320-340
GATE Papers……………………………………………………...... 341-358

9.

FLUID MECHANICS AND HYDRAULICS .................................. 359-440
Theory …………………………………………………………………. 359-400
GATE Papers……………………………………………………...... 401-440

Published by: ENGINEERS INSTITUTE OF INDIA-E.I.I.  ALL RIGHT RESERVED
28B/7 Jiasarai Near IIT Hauzkhas Newdelhi-110016 ph. 011-26514888. www.engineersinstitute.com

MECHANICAL GATE Solutions

10. HEAT AND MASS TRANSFER ………………………………………….. 441-507
Theory …………………………………………………………………. 441-475
GATE Papers……………………………………………………...... 476-507

11. MATERIAL SCIENCE AND TECHNOLOGY …………………………. 508-521
Theory …………………………………………………………………. 508-519
GATE Papers……………………………………………………...... 520-521

12. PRODUCTION ENGINEERING ………………………………………….. 522-609
Theory …………………………………………………………………. 522-555
GATE Papers……………………………………………………...... 556-609

13. INDUSTRIAL ENGINEERING …………………………………………… 610-656
Theory …………………………………………………………………. 610-625
GATE Papers……………………………………………………...... 626-656

Published by: ENGINEERS INSTITUTE OF INDIA-E.I.I.  ALL RIGHT RESERVED
28B/7 Jiasarai Near IIT Hauzkhas Newdelhi-110016 ph. 011-26514888. www.engineersinstitute.com

MECHANICAL GATE Solutions

CHAPTER-1
ENGINEERING MECHANICS
1.

LINEAR OR RECTILINEAR OR 1-DIMENSIONAL MOTION:
(i) Distance : total distance moved by the body
(ii) Linear displacement(x): distance with respect to a fixed point.
(iii) Speed = total distance/ total time
(iv) Linear velocity = vavg . =

∴

∆x
∆t
dx
= tan θ
dt
v = lim vavg

Instantaneous velocity = v =
and

∆t → 0

(a) Uniform velocity: zero acceleration and equal distances are covered in equal intervals
of time.

∴

tan θ =

x
x1 x2
= ........ = n
t1 t2
tn

(b) Non – uniform velocity: variable acceleration and unequal distances are covered in
equal intervals of time.

∴

tan θ =

dx
dt

(v) Linear acceleration = aavg =

∆v
∆t

∵ Instantaneous accleration = a =

dv d 2 x vdv
=
=
= tan θ
dt dt 2
dx
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(a) Uniform acceleration: when acceleration is constant in direction and magnitude.
(b) Non-uniform acceleration: when acceleration is variable in direction and magnitude.
(vi) Equations of motion are.
(a) v = u + at

1 2
at
2
(c) v 2 = u 2 + 2ax
a
(d) x = u + (2 n − 1)
2
(b) x = ut +

Note:
(i)
(ii)

2.

For vertical motion: replace a → g(9.81 m2 / sec2) where g (+ve) →for downward and (ve) →for upward
(-ve) acceleration is called deceleration or retardation.

PROJECTILES:
∵

u x = u cos α

u y = u sin α

∵

ax = 0

a y = (− g )

(i) Equation of trajectory: vertical distance (y) travelled
in t sec.

∴

gx 2
y = x tan α − 2
2u cos2 α

...(i )

Its parabolic equation Hence path is parabolic
Where, x = horizontal distance travelled in t sec.
α = Angle of projection.
(ii) Velocity of projection (u): Always was along tangent to the curve (OA).
(iii) Time of flight: Total time of a projectile to reach maximum height and to return back to
the ground.

∴

2u sin α
...(ii )
g
Total Time of the flight = 2t

t=

Published by: ENGINEERS INSTITUTE OF INDIA-E.I.I.  ALL RIGHT RESERVED
28B/7 Jiasarai Near IIT Hauzkhas Newdelhi-110016 ph. 011-26514888. www.engineersinstitute.com

MECHANICAL GATE Solutions

1. ENGINEERING MECHANICS
GATE SOLUTION
1.

A solid disc of radius r rolls without slipping on a horizontal floor with angular velocity ω
and angular acceleration α. The magnitude of the acceleration of the point of contact on the
disc is
(GATE-2012)
(a) zero

2.

(b) r α

(c)

(d) rω2

( r α ) 2 + ( r ω2 ) 2

A stone with mass of 0.1 kg is catapulted as shown in the figure. The total force Fx (in N)
exerted by the rubber band as a function of distance x (in m) is given by Fx = 300 x2 . If the
stone is displaced by 0.1 m from the un-stretched
un
position (x = 0) of the rubber band, the
energy stored in the rubber band is
(GATE-2011)

(a) 0.01 J
3.

(b) 0.1 J

(c) 1 J

(d) 10 J

A 1kg block is resting on a surface with coefficient of friction µ =0.1. A force of 0.8 N

is

applied to the block as shown in the figure. The friction force is

(a)0
4.

(b)0.8N

(c) 0.98N

(d)1.2N

A block weighing 981 N is resting on a horizontal surface. The coefficient of friction between
the block and the horizontal surface is µ = 0.2A vertical cable attached to the block provides
partial support as shown. A man can pull horizontally with a force of 100 N. What will be the
tension, T (in N) in the cable if the man is just able to move the block to the right?
(GATE-2009)

Published by: ENGINEERS INSTITUTE OF INDIA-E.I.I.
INDIA
 ALL RIGHT RESERVED
28B/7
/7 Jiasarai Near IIT Hauzkhas Newdelhi-110016
Newdelhi
ph. 011-26514888. www.engineersinstitute.com
www.engineersin

MECHANICAL GATE Solutions

(a) 176.2

5.

(b) 196.0

(c) 481.0

(d) 981.0

A uniform rigid rod of mass M and length L is hinged at one end as shown in the figure. A
2L
force P is applied at a distance of
from the hinge so that the rod swings to the right. The
3
reaction at the hinge is
(GATE-2009)

2L
3
L
P

( a) – P

6.

( b) 0

( c)

P
3

( d)

2P
3

A straight rod of length L(t), hinged at one end and freely extensible at the other end, rotates
•
π
through an angle θ(t ) about the hinge. At time t, L(t) = 1 m, L (t) = 1 m/s, θ(t ) = rad and
4
θ(t ) = 1 rad/s. The magnitude of the velocity at the other end of the rod is

(GATE-2008)
(a) 1 m/s

( b)

2 m/s

( c)

3 m/s

(d) 2 m/s
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DETAILED SOLUTION

Sol. 1. (a)

aT = a1 + a2 = 0

Sol. 2. (b)
and

Fx = 300 x2

Given, m = 0.1 kg

x1 = 0m

x2 = 0.1m

∴ Energy stored in rubber = Work done to through stone.

or

E = W = F . dx

where

F = Force (N)

(Joule) …(i)

dx = displacement (m)
x2

So,

W = ∫ Fx . dx or
x1

0.1

0.1

W=

∫

300 x 2 . dx or W = 300

0

∫x

2

. dx

0

0.1

 x3 
 (0.1)3

W = 300   = 300 
− 0  = 0.1 Joule
 3 0
 3


Sol.3. (b) Limiting friction force between block and the surface is 0.98 N. but applied force is 0.8N
which is less than the limiting friction force. Therefore friction for the given case is 0.8N
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Sol.4. (c)

Given

At equilibrium of forces,
∴

F = f (friction force)

and

W=T+R

where

R = Normal reaction (N)

But

⇒

f = µR ⇒

…(i)

T=W–R

R=

f
µ

...(ii)

…(iii)

Hence, from (ii) and (iii) and (i)

T = 981 −

Sol. 5. (b)

f
 100 
= 981 − 
 = 481N
µ
 0.2 

At thing support there is no reaction for moment rod will rotate hinge R = 0.

R
2L
3
L
P

A
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Sol.6. (d)

Time take by rod

θ=

π
4

rad

•

θ (t ) = 1rad / sec
θ
π
t=
= sec
θ (t ) 4
New length after

π
4

sec = 1 +

New angular velocity = 1 +

π
4

π
4

m

•

θ = 1+

π

m/s

4

Radial velocity = 1m/s

2

Hence resultant velocity = (1) + 1 +

π

2

4

= 2m / s
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CHAPTER-2
STRENGTH OF MATERIALS
MATERIAL
1.

STRESS: The
he internal resistance which
the body offers to meet with the load.
load

∵τ xx = lim

∆A→ 0

τ xy = lim

∆Px
∆A
∆Py

∆A
∆P
τ xz = lim z
∆A→0 ∆A
∆A→ 0

∴
(i)

1.1

Types of stresses are
Simple or direct stress
(a) Tension
(b) compression
(c) shear
(ii) Indirect stress
(b) torsion
(a) Banding
(iii) Combined stress: any possible combination of (i) and (ii)
Unit: N/m2
Stress tensor: the directions of stress are positive if they coincide with the positive direction of
the axes. And the state at a point that can be defined by three components on each of the three
mutually perpendicular axes is called stress tensor

∴
Stress tensor matrix
atrix has following components
(i) Three normal stresses σ x , σ y , σ z
(ii) Six shearing stress τ xy ,τ yz ,τ yx ,τ zy ,τ xz ,τ zx
(iii) 2nd rank tensor i.e. requires two indices to identify
identify its elements or components
(iv) shear stresses are always occurs in pairs
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2. STRENGTH OF MATERIALS
GATE SOLUTION
2.1 Simple Stress and Strain
1. A rod of length L having uniform cross-sectional Area A is subjected to a tensile force P as
shown in the figure below. If the Young’s modulus of the material varies linearly from E1 to

E 2 along the length of the rod, the normal stress developed at the section-SS is
(GATE-2013)

( a)

2.

P
A

( b)

P(E1 − E 2 )
P(E1 + E 2 )

( c)

PE2
AE1

( d)

PE1
AE2

A solid steel cube constrained on all six faces is heated so that the temperature rises uniformly
by ∆ T. If the thermal coefficient of the material is α , Young’s modulus is E and the
Poisson’s ratio is υ, the thermal stress developed in the cube due to heating is

(GATE-2012)
( a) −

3.

4.

α(∆ T)E
(1 − 2υ)

( b) −

2α(∆ T)E
(1 − 2υ)

( c) −

3α(∆ T) E
(1 − 2υ)

( d) −

α(∆ T)E
3(1 − 2υ)

A rod of length L and diameter D is subjected to a tensile load P. Which of the following is
sufficient to calculate the resulting change in diameter?
(GATE-2008)
(a) Young’s modulus

(b) Shear modulus

(c) Poisson’s ratio

(d) Both Young’s modulus and shear modulus

A steel rod of length L and diameter D, fixed at both ends, is uniformly heated to a
temperature rise of ∆ T. The Young’s modulus is E and the coefficient of linear expansion is
α. The thermal stress in the rod is
(GATE-2007)
( a) 0

(b) α∆ T

(c) E α∆ T

(d) E α∆ TL
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DETAILED SOLUTION

Detailed Solution: 2.1 Simple Stress and Strain
Sol. 1. (a)
At section S-S
Left side of

∴σn =

rod

R P
=
A A

(∴ R − P = 0)

Right side of rod

∴σn =

R2 P
= (∴ R2 − P = 0) Hence,
A A

σn =

P
A

Sol. 2. (a)
Given, A solid steel cube constrained on all 6 faces and Heated by rising temperature
uniformly ∆ T and E, v, α
∴

Strain in x-axis direction
∈x =

y

σ x vσ y vσ z
−
−
E
E
E

…(i)

o

where, σ x , σ y , σ z are normal stresses in x, y, z directions
But strain due to rise in temperature

z
…(ii)

∈x = α ∆ T
Now, equating equation (i) and (ii)
α ∆T =

σ x vσ x vσ z
−
−
E
E
E

and

σx = σ y = σz

Published by: ENGINEERS INSTITUTE OF INDIA-E.I.I.  ALL RIGHT RESERVED
28B/7 Jiasarai Near IIT Hauzkhas Newdelhi-110016 ph. 011-26514888. www.engineersinstitute.com

x

MECHANICAL GATE Solutions

So,

 1 2v 
α ∆ T = σx  − 
E E 

α ∆T =

σx
(1 − 2v )
E

Sol. 3. (d)

σx =

or

α ∆ TE
(1 − 2v)

As,

∴

Young modulus,

∴

Poission ratio,

P
σ
P
E= = A =
∈ ∈ A∈

v=

(−) Lateral strain
Linear strain

…(i)

…(ii)

where, P = Applied load (N)
A=

π 2
2
d = cross section Area (m )
4

∈ = Strain (mm/mm)

Sol. 4. (c)

∴ Thermal stress

σ th = E α ∆ T

Where, E = Young modulus of elasticity

α = linear expansion coefficient (1/º C )
∆ T = Temperature (ºC)
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CHAPTER-3
THEORY OF MACHINE
1.

SIMPLE MECHANISM
(i) Kinematic link or link or element:
Each part of a machine which moves relative to source other part is called kinematic link
Example: In a reciprocating engine piston rod and cross head connecting rod etc
(ii) Characteristics of a link:
(1) it should have relative motion

(2) it must be a resistance body

Note:
Resistance body: when link is capable of transmitting the required forces with negligible
deformation.
(iii) Type of link
(1) Right link: do not exit
(2) Flexible link
(3) Fluid link
(vi) Structure: an assemblage of a number of resistance bodies having no relative motion
between them and mean for carrying loads having straining motion.
Example: Railway Bridge, roof truss, machine frames
(v) Kinematic pair: when two links or elements of a machine are in contact and from a pair. If
the relative motion between them is completely or successfully constrained (i.e. in a definite
direction).
(vi) Types of constrained motions
(a) Completely constrained motion the motion between a pair is limited to a definite
direction irrespective of the direction of the applied force 3.

(b)

(c)

Example: Piston- cylinder square bar in a square note shaft with collars in a circular
hole.
Incompletely constrained motion:
The motion between a pair can take place in more than one direction and the change in
direction of applied force may change the direction of relative motion between the pair
example. Shaft in a circular hole.
Successfully constrained motion: the motion between a pair is such that the
constrained motion is not completely by itself but by some other means.

Example: Shaft in a foot step bearing I.C engine valve, Motion piston reciprocating inside the
cylinder
(vii) Types of kinematic pairs
(1) According to the type of relative motion between the links.
(a) Sliding pair (b) Turning pair (c) Rolling pair (d) Screw pair (e) Spherical
pair
(2) According to the type of content between the links
(a) lower pair: surface contact only
(b) higher pair: a line or point contact i.e. party turning and party sliding motion.
(3) According to the type of closure
(a) self closed pair
(b) force closed pair
(viii)
Kinematic chain: when the kinematic pairs are coupled in such a way that the last link
is joined to the first link to transmit definite motion (i.e. completely or successfully constrained
motion)
....(i)
∴
l = 2p−4
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or
Where

3
j = l−2
2
l= number of links

....(ii)

p= number of pairs

j= number of joints

Note:
(1) In a kinematic chain each link forms a part of two pairs therefore. Then will be as many
links as the number of pairs.
(2) Condition for equation (i) and (ii) if
(a)L.H.S> R.H.S then locked chain
(b)L.H.S = R.H.S then constrained chain
(c)L.H.S< R.H.S then un constrained chain
(3) Compound kinematic chain: a chain having more than four links.
(4) Types of joints in a chain: by A.W klein to determined nature of chain

∴ j+

h 3
= l−2
2 2

....(ii)

Where j= number of binary joints
h= number of higher pairs
l= number of links
Generally, when n number of links is joined at the same connection then the joint is equivalent
to
(l-1) binary joints. And Binary joints ,when two links are joined at the same
connection.
(ix) Mechanism: When one of the links of a kinematic chain is fixed. It may used for
transmitting or transforming motion.
Example: Engine indicators, type writers
∴Number of degrees of freedom for plane mechanisms, kutzbach criterion
.....(i)
n = 3(l − 1) − 2 j − h
Where n=degree of freedom
(1) if n =0 structure
(2) if n= 1 mechanism of single input
(3) if n = -1 or less redundant or statically indeterminate structure.
∴Grublers criterion for plane mechanism for n=1 and h=0
...(ii)
3l − 2 j − 4 = 0
(x) Inversion of Mechanism: The method of obtaining different mechanism by fixing
different links in a kinematic chain. And the links which moves with respect to fixed link is
driver and the link to which motion is transmitted is called follower
(xi)Types of kinematic chains by Grashof’s law: to determine type of kinematic

s+l ≤ p+q
(1) Four bar chain or quadric-cycle chain inversions are.
(a)beam engine (crank and lever mechanism)
(b) Coupling rod of a locomotive (double crank mach)
(c) Watts indicator (double lever mechanism)
(2) Single slider crank chain inversions
(a) pendulum pump or bull engine
(b) Oscillating cylinder engine
(c) Rotary internal combustion engine or Ghome engine
(d) Cam and slotted lever quick return motion mechanism.
(e) Whitworth quick return motion mechanism.
(3) Double slider crank chain inversions are.
(a) Elliptical trammels
(b) Scotch yoke mechanism
(c) oldham’s coupling
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3. THEORY OF MACHINES
GATE SOLUTION
3.1
1.

A planar closed kinematic chain is formed with rigid links PQ = 2.0 m, QR = 3.0 m, RS = 2.5
m and SP = 2.7 m with all revolute joints. The link to be fixed to obtain a double rocker
(rocker-rocker) mechanism is
(GATE- 2013)
(a) PQ

2.

Simple Mechanism

(b) QR

(c) RS

(d) SP

A double-parallelogram mechanism is shown in the figure. Note that PQ is a single link. The
mobility of the mechanism is
P

Q

(GATE- 2012)
(a) –1

3.

( b) 0

( c) 1

( d) 2

(GATE- 2010)

Which of the following statements is INCORRECT?

(a) Grashoff’s rule states that for a planar crank-rocker four bar mechanism, the sum of the
shortest and longest link lengths cannot be less than the sum of the remaining two link lengths
(b) Inversions of a mechanism are created by fixing different links one at a time
(c) Geneva mechanism is an intermittent motion device
(d) Gruebler’s criterion assumes mobility of a planar mechanism to be one

4.

A simple quick return mechanism is shown in the figure. The forward to return ratio of the
quick return mechanism is 2 : 1. If the radius of the crank O1P is 125 mm, then the distance ‘d’
(in mm) between the crank center to lever pivot center point should be

(GATE-2009)

Q
P

O1
d
O2

(a) 144.3

(b) 216.5

(c) 240.0

(d) 250.0
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DETAILED SOLUTION
Detailed Solution: 3.1 Simple Mechanism
Sol. 1. (c)
The link opposite to shortest link S is fixed.

Sol. 2. (c)

Q
4
Lin
k-

kLi n

d.o.f = 3(n – 1) – 2j

3

2
Lin

k-

Grubler’s equation

∴

Link - 5

P

where, n = no. of links = 5
Link - 1

j = no. of binary joints = 6
So,

d.o.f = 3(5 – 1) – 2 × 6 = 0

But the given figure has two parallelogram of 1 d.o.f

Sol. 3.(a) All three statements are correct except (a) because
As per Grashoff’s law, A four bar mechanism has at least one revolving link. If
the sum of the length of largest and the shortest link is less than sum of
s
lengths of the other two links.

i.e.,

…(i)

s+l≤ p+q

l
q

p

Sol. 4. (d) Given, A simple Quick Return Mechanism
∴
∴

But,

r = O1 P = 125 mm

tf
tR
tf
tR

=

2
1

=

360º − α
α
⇒

2α = 360º − α
∴

α = 120º

∆ PO2O1

Sin θ =sin 30º =

d=

2 360º − α
=
1
α

O1P 125
=
O1O 2
d

α

∴ θ = 
4


125
125
=
= 250 mm
1
sin 30º
2
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CHAPTER-4
MACHINE DESIGN
1.

VARIABLE STRESSES IN MACHINE PARTS:
There are following types of stresses.

Note:
(i) Alternating stresses: the stresses which vary from a minimum value to a maximum value of the
opposite nature (i.e. from a certain minimum compressive to a certain maximum tensile to a
maximum compressive)
(ii) Mean or Average Stress,

σm =

σ max + σ min
2

(iii) Reversed stress complete or Alternating or variable stress,
(iii) Stress ratio,

1.1

R=

σv =

σ max − σ min
2

σ max
σ min

R= –1 for repeated stresses
R= 0 for completely reversal stresses where R can’t be greater than unity
Fatigue: when a material s subjected to a repeated stresses it fails at stresses below the yield
point stresses such type of failure of a mental is called fatigue it is caused by a progressive
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crack formation which are usually fine and of microscopic size and it may occur without prior
indication.

1.2

Endurance or fatigue limit (σ e ) :
The maximum value of the completely reversed bending stress which a polished standard
specimen can with stand without failure, for infinite number of cycle (usually107 cycles)

Note:
 Endurance limit is used for reversed bending only while for other types of loading the term
endurance strength may be used when referring the fatigue strength of the material.
 Endurance strength: The safe maximum stress which can be applied to the machine part
working under actual conditions.

Endurance limit stress
Design or working stress

1.3

Factor of safety =

1.4

Stress concentration: when a machine component changes the shape of its cross section the
simple stress distribution no longer holds good about the neighbourhood of the discontinuity as
different this irregularity in the stress distribution caused by abrupt changes of form is called
stress contraction
Example: Fillets notches, holes, keyways, splines, scratches
∴ Theoretical or form stress concentration factor, k t =

maximum stress
Nominal stress

Where kt depends upon the material and geometry of the part
Note:
1.
In static loading stress concentration in ductile materials is not serious as in brittle
materials because in ductile materials local deformations or yielding takes which reduces
the concentration. In brittle materials, cracks may appear at these local concentrations of
stress which will increase the stress over the rest of the section. It is therefore necessary
that in designing parts of brittle materials such as casting, care should be taken. In order
to avoid failure due to stress concentration, fillets at the change of section must be
provided.
2.
In cycle loading stress concentration in ductile materials is always serious because the
ductility of the material is not effective in reliving the concentration of stress caused by
cracks, flaws surfaces roughness, or any sharp discontinuity in the geometrical from of
the member. If the stress at any point in a member is above the endurance limit of the
material, a crack may develop under the action of repeated load and the crack will lead to
failure of the member

1.5

Design factor to avoid fatigue failure:
(i)
Gradual variation in the size of component.
(ii) Holes, notches, and other stress raisers should be avoided,
(iii) Avoid corrosive atmosphere
(iv) Smooth outer surface of the part
(v) High fatigue strength material should be used
(vi) Residual compressive stress increases fatigue strength

1.6

Fatigue stress concentration factor:

∴k f =

Endurance limit without stress concentration
Endurance limit with stress concentration
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4. MACHINE DESIGN
GATE SOLUTION
1.

4.1Variable stresses
A bar is subjected to fluctuating tensile load from 20kN to 100kN. The material has yield
strength of 240MPa and endurance limit is reversed bending is 160MPa. According to the
soberberg principle the area of cross section in mm 2 of the bar for a factor of softy of 2 is

(GATE-2013)
(a) 400

2.

(b) 600

(c) 750

(d) 1000

A forged steel link with uniform diameter of 30 mm at the center is subjected to an axial force
that varies from 40 kN in compression to 160 kN in tension. The tensile (Su ), yield (Sy ) and
corrected endurance (Se ) strengths of the steel material are 600 MPa, 420 MPa and 240 MPa
respectively. The factor of safety against fatigue endurance as per Soderberg’s criterion is

(GATE-2009)
(a) 1.26

3.

(b) 1.37

(c) 1.45

(d) 2.00

A thin spherical pressure vessel of 200 mm diameter and 1 mm thickness is subjected to an
internal pressure varying from 4 to 8 MPa. Assume that the yield, ultimate, and endurance
strength of material are 600, 800 and 400 MPa respectively. The factor of safety as per

(GATE-2007)

Goodman’s relation is
(a) 2.0

4.

(b) 1.6

(c) 1.4

(d) 1.2

The piston rod of diameter 20 mm and length 700 mm in a hydraulic cylinder is subjected to a
compressive force of 10 kN due to the internal pressure. The end conditions for the rod may be
assumed as guided at the piston end and hinged at the other end. The Young’s modulus is 200

(GATE-2007)

GPa. The factor of safety for the piston rod is
(a) 0.68

5.

(b) 2.75

(c) 5.62

(d) 11.0

A cylindrical shaft is subjected to an alternating stress of 100 MPa. Fatigue strength to sustain
1000 cycles is 490 MPa. If the corrected endurance strength is 70 MPa, estimated shaft life will

(GATE-2006)

be
(a) 1071 cycles

(b) 15000 cycles

(c)281914 cycles

(d) 928643 cycles
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DETAILED SOLUTION

Detailed Solution :4.1 Variable stresses

Sol. 1. (d)

100 − 20 80 40
=
=
2A
2A A
100 + 20 120 60
∴σ m =
=
=
2A
2A A
∴ soderberg criteria
∴σa =

1 σa σm 1
40
60
=
+
= =
+
⇒ A = 1000 mm 2
S σ e σ y 2 160 A 240 A
Sol. 2. (a) Given,

d = 30 mm = 30 × 10−3 m
σ y = 420 MPa = 420 × 10 6 Pa

Fmin = 40 kN = 40 × 103 N
∴

σu = 600 MPa = 600 × 106 Pa

σe = 240 MPa = 240 × 106 Pa
Fmax = 160 kN = 160 × 103 kN

Soderberg’s Criterion

1 σm σa
=
+
S σ y σe
∴

Fm =

Fmax + Fmin 160 + ( −40)
=
= 60 kN
2
2

and

A=

π 2 π
d = (30 × 10−3 ) 2 = 706.85 × 10−6 m 2
4
4

So,

σm =

Fm
60 × 103
=
= 84.88 MPa
A 706.85 × 10−6

Similarly,

So,

Fm =

Fmax − Fmin 160 − (−40)
=
= 100 kN
2
2

σa =

Fa
100 × 103
=
= 141.47 MPa
A 706.85 × 10−6

From equation (i) we get
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1 σm σa
=
+
S σ y σe
1 σ m . σe + σ a . σ y
=
σ y . σe
S

S=

σ y . σe
σm . σe + σa . σ y

Sol. 3. (b) Given,

=

420 × 240
= 1.26
84.88 × 240 + 141.47 × 420

A pressure vessel as per data

d i = 200 mm = 200 × 10−3 m,

t = 1 mm = 1 × 10−3 mm

d o = d i + 2t = 202 × 10−3 m

Pmin = 4 MPa;

Pmax = 8 MPa

σ y = 600 MPa, σu = 800 MPa, σe = 400 MPa

Now,

σmax =

σmax
8 × 0.2
=
= 400 MPa
A
4 × 1 × 10−3

σmin =

σmin
4 × 0.2
=
= 200 MPa
A
4 × 1 × 10−3

∴

σm =

σ max + σ min 400 + 200
=
= 300 MPa
2
2

∴

σa =

σ max − σ min 400 − 200
=
= 100 MPa
2
2

∴

F.O.S as per Goodman Relation

1 σm σa
=
+
S σu σe
or

S=

Sol. 4. (c) Given,

…(i)

σu . σ e
400 × 800
320000
=
=
= 1.6
σm . σe + σa . σu 100 × 800 + 300 × 400 200000

A piston rod with data

d = 20 mm = 20 × 10−3 m

FC = 10 kN = 10 × 103 N

l = 700 mm = 700 × 10−3 m

E = 200 GPa = 200 × 109 Pa
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As guided at the piston end and hinged at the other end. Therefore the buckling load from
Euler’s formula
∴

Pcr =

π2 EI
le2

For the given end conditions

So,

Pcr =

π2 EI
 l 


 2

2

Where, I = M.O.I =

or

Pcr =

=

l

le =

2

2π2 EI
l2

π
× d4
64

2 × (3.14)2 × 200 × 109 3.14
×
× (20 × 10−3 )4
(700 × 10−3 )2
64

Pcr = 63.72 kN
∴

F.O.S =

Buckling load Pcr 63.72
=
=
= 6.32
Working load FC
10

Since closest option is (c)

Sol. 5. (c) Given,
Let
Now,

N1 = 1000 cycles

and

N 2 = 106 cycles

(Asymptote of steel)

Z = log N1 − log N 2
1

 103  3
Z = log 10 − log 10 = log  3  = − 3
 10 
3

and

b=

1
σ 
log  m 
Z
 σe 

b=

1
 490 
log 
 = − 0.2817
−3
 70 

6

Again, log a = log σ m − b log N1
log a = log (490) − ( −0.2817) log 103

a = 3430.015
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and

SN = a N b
100 = 3430.015 × (N)

−0.2817

or

(N)−0.2817 =

100 × 106
3430.015

1

or

 3430.015  0.2817
N=
6 
 100 × 10 

N  281914 cycles

N = 281909.76 cycles

(closest)
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