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General Intelligence and Reasoning

DIRECTIONS (Qs. 1 to 10) : /n questions, select the related
word/letters/number from given alternatives.

1.  Uttarakhand : Dehradun : : Mizoram : ?

(a) Aizawl (b) Kohima
(c) Shillong (d) Darjeeling
2. Crime: Court: : Disease: ?
(a) Doctor (b)...Medicine
(c) Hospital (d) Treatment
3. YQXP:JBIA::OVNU:?
(a) FAGZ (b) HRIS
(¢c) DKCJ (d) DNEO
4. ADGJ:BEHK::DGIM:?
(a) KPUB (b)y GIMP
(¢) KNQT (d) PSVY
5. ACE:BDF::GIK:?
(a) HIL
(¢) CFG N
6. CAT:BIG::DDY:?
(@) CLL (b) €CLM
(¢ CML (d) CEP
7. 1:1::10:?
(@ 12 (b) 110
(¢ 210 ()31 000y
8. 7:56::5:2 O x
@ 25 [ ‘ (b) 26 e
() 30 (d) 35+

9.  The following numbers fall in a group. Which one does not
belong to the group?

53,63,83,73 [
(@ 53 RS )63
(c) & d 73
10. Which one is the same as Mumbai, Kolkata and Cochin?
(a) Delhi (b) Kanpur

(¢) Chennai (d) Sholapur

DIRECTIONS (Qs. 11 to 17) : In questions, find the odd word/
letters/number pair from the given alternatives.

11. (a) Kolkata (b) Vishakhapatnam
(c) Bengaluru (d) Haldia

12. (a) Cabbage (b) Carrot
(c) Potato (d) Beetroot

13. (a) HGFE (b) PONM
(c) DCBA (d) MSTU

14. (a) GH (b) VUX
(c) POR (d LKM
15. (@ vwqp (b) yxmn
(c) gfkl (d) cbrs
16. (a) (324,18) (b) (441,72)
(¢ (117,81) (d) (186,14)
17. (a) (11,121) (b) (25,625)
(©) (12.141) @) (15,229

18. Find the smallestnumber which when divided by 25, 40 or 56
has in each case 13 as remainger.
@ 1413 (b)" 1400
()" 1439 (d) 1426
A s as per order in the dictionary :
2. Empower
4. FElocution

a) 5,1,3,2,4 (b 4.2,1,3,5
(o)f 4,3,1,2,5 (d) 4,5,2,3,1

20. /| 'Which one of the given responses would be a meaningful
order of the following words?

1. Sowing 2. Tilling

3. Reaping 4. Weeding

(@) 3,1,2,4 (b) 2,1,4,3

(¢ 1,2,4,3 (d 1,3,2,4
21.  Arrange the colours of the rainbow (in the reverse order)

(from the top edge):

1.  Blue 2. Indigo

3. Yellow 4. Green

5. Violet

), rordsdlerS (b) 4,3,1,5,2

(o) ="3m3¢' 4D ¥ d 2,4,3,1,5

DIRECTIONS (Qs. 22 to 24): In questions, a series is given, with
one term missing. Choose the correct alternative from the given
ones that will complete the series.

22. CEGIJLN,QSU,__?

(@) QOS (b) TVY

(c) HIL d) UVW
23. B-1,D-2,F-4,HS8,J-16, 2

@) K64 (b) L32

(©) M32 d) L4
24. CGJ,KOR, TXA, 2

@ ACE (b) IDP

() FIM (d)
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DIRECTIONS (Qs. 25t0 29) : In questions, find the missing number
from the given responses.

25. A

170,

K

42 10
\22/
(a) 422 (b) 374
(c) 256 (d 342
26.
? 9
22 13
(@) 40 (b) 38
() 39 (d 4
27. 8
g ¢
7
p
43 13 g™
\ 31\/21
5
(a) 56 e \OR57
() 58 ‘i‘A‘w (d)" 59
1 o v A9
28. A
312814 5157/43 6] 245
5 20 25
@ 176 k) 115
() 157 T (@) 131
29. 63
7 9 1
3 1 7 ?
@@ 3 (b) 9
(© 5 d 2
30. Arrange the letters to form a word and suggest what is it.
NGDEALN
(a) State (b) Country
(¢) River (d) Ocean

31.

32.

33.

34.

3s.

36:

38.

39.

18, 43654
Wl

IfA=1,B=2andN= 14, then BEADING=?

@) 2154(14)97 (b) 2514(14)79
() 25149(14)7 (d) 2154(14)79
IfA=1, AGE = 13, then CAR=?

@ 19 (b) 20

© 21 d 2

If an electric train runs in the direction from North to South
with a speed of 150 km/hr covering 2000 km, then in which
direction will the smoke of its engine go ?

(a) N-S (b) S—N
(c) E->W (d) Nodirection
If1=1,2=3,3=5and4=7,then5="?
(@ 9 (b) 7

(© 5 (d 8
Find the answer of the following:
7+3=421

11+7=477

O+5=445

6+2=2 )

(a) 444 ) 412
(c) . 475 (d) 487

Find oddn &)

(b) >4
(© 18 “' (d) 36
In:rodum& a girl, Ram said to his son-in-law. "Her brother

18 the‘only son of my brother-in-law." Who is the girl of
Ram?

(a) Sister-in-law (b) Niece
(¢)” Daughter (d) Sister
Which of the following are the lines of symmetry?’
C
E H
A B
G F
D

(a) ABand CD

(b) EEand GH

(c) All of the above

(d) None of the above

Murthy drove from town A to town B. In the first hour, he

1
travelled 1 ofthe journey. In the next one hour, he travelled

B ofthe journey. In the last 30 minutes, he travelled 80 km.

Find the distance of the whole journey.
(a) 240km (b) 300km
(¢) 320km (d) 360km
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40. Identify the answer figure from which the pieces given in

question figure have been cut.
Question figure :

N —_—

7
AN

Answer figures:
A B C D
41. Which of the answer figures is not made up only by the
components of the question figure ?

Question figure:
Answer figures:
L A
A B o D
42. Which of the following numbers is present only in the square
and the circle?

@ 5

(© 3
43. Which figure represents the relation among Computer,

Internet and Information Communication Technology?

o (L o

O

© (d)

g 1

DIRECTIONS (Qs. 44 and 45): In questions, one or two statements
are given, followed by three/four conclusions/Arguments, I, I,

11 and 1IV. You have to consider the statements to be true, even if
they seem to be at variance from commonly known facts. You are
to decide which of the given Conclusions/ Arguments can

definitely be drawn from the given statement(s). Indicate your
answer.

44. Statements:
1. SAGE is a reputed publisher of both journals and books.
2. All publishing of SAGE is highly qualitative.
Conclusions:
I.  SAGE publishes qualitative articles.
II. SAGE did not publish lowest quality articles.
III. SAGE enriches its publications by high scrutinization.
(a) Only conclusion III
(b) All conclusions .
(¢) Only conclusions I and II
(d)~-Oanly conclusions IT and I1I
45. Statement:q To*
Should little children be loasdqd. with such heavy school

bags?

Arguments: ( :

I.. Yes, hea @‘e ore knowledge.

g ~ No, heéy hool bags spoil the posture of the

children. v

Yes. childfen ficed to be adapted for earning knowledge.
eavy bag never ensures knowledge gathering.
(a) TI'and III appear to be strong arguments.

(b) T andIII are poor arguments

(c) MandlV are strong arguments

(d)” Tand IV are strong arguments

DIRECTIONS (Qs. 46 and 47) : In questions, which answer figure
will complete the pattern in the question figure?

46. Question figure:

L]

Answer Figures :

Fl——l

A B C D
47. Question figure :

?

Answer Figures :
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A piece of paper is folded and cut as shown below in the
question figures. From the given answer figures. indicate
how it will appear when opened.

Question figure:

Answer Figures :

O A4
o[Jo) p [] 4
O 0\

Ifamirror is placed on the line MN, then which of the answer
figures is the correct image of the question figure?

Question figure:

O O
o(o) (oo
O O

Z 3NN z

Answer figures :

2

A B

In the following questions, a matrix of certain characters is
given. These characters follow a certain trend. row-wise or
cloumn-wise. Find out this trend and choose the missing

character accordingly.
3

5‘
5 4
.

660 -
(a) 450 (b). 550
(c) 320 (d) 420

4

General Awareness

51.

52.

53.

Classification of Economics into two branches (Macro
Economics and Micro Economics) was done by

(a) J.M. Keynes (b) Milton Friedman

(c) RagnarkFrisch (d) Adam Smith

'Capital Goods' refers to goods which

(a) Serve as a source of raising further capital

(b) Help in the further production of goods

(c) Directly go into the satisfaction of human wants

(d) Find multiple uses
NNP is equal to

(a) GNP + Depreciation
(c) GNP+ Exports

(b) GNP —Depreciation
(d) GNP-Exports

54.

55.

56.

57.

58.

60.

61.

62:

63.

64.

65.

Rate of growth of an economy is measured in terms of (a) Per
capita income
(b) Industrial development
(¢) Number of people who have been lifted above the
poverty line
(d) National income
The basic characteristic of oligopoly is
(a) A fewsellers, a few buyers
(b) A few sellers, many buyers
(c) A few sellers, one buyer
(d) Many sellers, a few buyers
Governor will act on the advice of Council of Ministers while
(a) Dissolving the Legislative Assembly
(b) Appointing the Chairman of the State-Public Service
Commission
(¢) Recommending for President's Rule in'the State
(d) Returninga bill for reconsideration
The Supreme Court of India was set up by the
(@) Regulating Act, 1773 (b) Pitts India Act, 1784
(c).« Charter Actyl3 (d) Charter Act, 1833
hie dment provided Constitutional
stitutions?
(b) 44th Amendment
nendment (d) 73rd Amendment
asthe power to pardon in case of capital punishment ?
(a) Prime Minister
(b). <President
(¢) » ChiefJustice
(d) Attorney General of India
The Union Public Service Commission of India has been
established under
(a) Article315
(c) Article 325
The Harappans worshipeed
(a) Shiva, Parvathi and Vishnu
(b) Mother Goddess and Pashupathi
(¢) Vishnu and Mother Goddess
(d) Pashupathiand Vishnu
Gandhiji started the Dandi March for
(a) - Poorna Swaraj
(b) Home-rule
(c) Protest against the imposition of Salt Tax
(d) Responsible Government
The famous court poet of Akbar was
(a) Birbal (b) Tulsidas
(¢) Rahim Khan (d) Bairam Khan
Who established four great Mathas at the four corners of
India - Sringeri, Puri, Dwaraka and Badrinath?
(a) Shankara (b) Ramanuja
(¢) Madhva (d) Ramananda
The local name of Mohenjodaro is
(a) Mound of the living (b) Mound of the great
(¢) Mound of the dead (d) Mound of bones

(b) Article 320
(d) Article335
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66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Which is the longest dam in India?

(2) Bhakra-Nangal (b) Rihand

(¢) Hirakud (d) Nagarjuna Sagar
The Thermal Power Plant in Tamil Nadu is

(2) Kundah (b) Ramagundam
(c) Pykara (d) Neyveli

Which one of the following regions does not come under
the Mediterranean type of climate ?

(a) Iberian Peninsula

(b) California coast

(¢) Chilean coast

(d) Eastern coast of South Africa

The main cause of faulting is

Wind

Gravitational force

(a) Tension
(c) Tidal activity

(b)
(d)

'Pan American' refers to
(a) North America (b) South-America
(c) Central America (d) All the above

Most primitive living vascular plants are

(a) Brown algae (b) Cycas

(c) Ferns (d) Sphagnum
Temporary wilting occurs in plants due to

(a) Respiration (b) Transpiration

(c) Photosynthesis (d) Absorption ofawater
Lichens are a symbiotic association of

(a) Algaeand Fungi

(b) Bacteriaand Fungi ‘ - » "‘_

(c) Bacteria and Algae gl

(d) Fungi and Higher plants

Photophobia is caused by the deficiency of
(a) VitaminB, (b). (Vitamin B,

(c) VitaminB, (d) Vitamin Bg

Which of the following is present only in plant cell?

(a) Cell membrane (b) Mltochondrla.'*

© Cellwall o || (d) Endoplasmicreticulum
The yellow colour of lnangoes is due to the presence of
(@) Chlorophyll (b) » Anthecyanin

(¢) Anthoxanthin (d)- Carotene

Lunar eclipse is caused by shad‘bw‘of the

(a) Earth on the Moon== A

(b) Moon on the Sun

(c) Earth on the Sun

(d) Earth and.thesMoon on other stars

The largest planet in the solar system is

(a) Venus (b) Mars

(c) Jupiter (d) Earth

Asteroid belt is a region in the solar system that exists
between the orbits of

(a) Venus and Mars (b) Mars and Jupiter

(¢) Mercuryand Earth (d) Jupiter and Uranus
Electrocardiograph (ECG) is used to measure

(a) Blood Count (b) Heart Beat

(¢) Temperature (d) Electricity

81.

82.

83.

84.
85.
86.

87.

g

89.
90.
91.
92,
93.

94.

9s.

USB stands for
(@) Unique Serial Bus
(b) Universal Serial Bus
(¢) Unary Serial Bus
(d) Universal Secondary Bus
In computer network terminology. WAN stands for
(a) World area network (b) Wide area network
(¢) Widearray net (d) Wireless area network
Which element produces hydrogen on reaction with strong
alkali?
(@) Si (b)y C
(c) P d S
Which metal does not react with dilute H,SO, ?
(a) Pb (b) Fe
(© Zn (d Mg
The unit of rate of reaction is
(@) Mol lit! see:! (b) Secmol!
(¢) Moles_geerk- (d)»Joules sec
Salt that.dissolves in aqueous@ammonia solution is
(@) HeCl (b)"“RbCl,
(c)y" Cu(OHy3 & (d) AI(OH),
Residence tim é‘e ecule in the ocean is
) 3.5 year (b) 3.5million years
(c) 35 years (d) 35000 years
Bioticen ment includes
(a) Producets (b) Consumers
(¢)“Decomposers (d) All the above
A mnatural phenomenon that becomes harmful due to
pollution is
(a) Global warming
(¢) Greenhouse effect
Decomposers include
(a) Bacteria

-1

(b) Ecological balance
(d) Desertification

(b) Fungi

(¢) Both Bacteria and Fungi

(d) Animals

Whosaid about religion that "it is the opium of the masses"?
(a) Hitler (b) Stalin

(¢) Lenin (d) Marx

The first woman in the world to have climbed Mt. Everest
twice 1S

(a) BachendriPal (b) Molly Chacko

(¢) Santosh Yadav (d) Theresia Kiesl
What is the basic foundation of Gandhian thought?

(a) Political campaigns

(b) Social movements

(¢) Religion and morality

(d) Freedom of the individual

Amir Khusrow was a famous poet in the court of

(a) Akbar (b) Shahjahan

(¢) Tbrahim Lodhi (d) Alauddin Khilji

In the year 1905, Gopal Krishna Gokhale founded the
(@) Servants of India Society (b) Asiatic Society

(¢) Brohmo Samaj (d) Bharat Sewak Samaj
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96. Gandhiji believed that Satyagraha is a weapon of 106.
(a) the poor (b) theweak
(c) the untouchables (d) the brave

97. Pt. Shiv Kumar Sharma is an exponent of
(a) Mandolin (b) Santoor 107.
(c) Sitar (d) Veena

98. Patanjali is well-known for the compilation of
(a) Yogasutra (b) Panchatantra 108.
(¢) Brahmasutra (d) Ayurveda

99. Which of the following Presidents of America abolished
Slavery?
(a) Abraham Lincoln (b) Thomas Jefferson
(¢) George Washington (d) Stanley Jackson

100. Who is the first woman cosmonaut of the world? - 109.

(a) Valentina Tereshkova
(¢) Svetlana Savitskaya

(b) Maria Estela Peron
(d) Kay Cottee

Mechanical Engineering

101. Thetwining moment (T) delivered by a flywheel with respect
to its angular displacement is given by the following
expression:

T=14000 + 7000 sin ©
The values of 6 for which delivered torque is equal to
mean to toque for a single cycle are .
(a) 0°,180°% 360° (b) 90°,270°,360°
(c) 90°,270°, 180° (d) 0°,270°,
The shearing strength of a rivet is SON/mMm"
of the rivet is doubled, then its.shea

102.

(@) 100 N/mm? -
(c) 50N/mm? (d) 300 N/mm?*
103. Figure shows a four bar chain and the number indicates the

respective link lengths in cm. The type of the mechanism is
know as

114.

115.
(a) slider crank (b) double crank
(c) crank rocker (d) double rocker
104. A slider sliding'at 10 cm/s on a link which is rotating at 60~ 116.
rpm, is subjected to Coriolis acceleration of magnitude, in
cm?/s,
(@) 20m (b) 10m
(c) 40m (d) 80m
105. Name the mechanism in which the coriolis component of
acceleration is to be considered. 117.

(@) Quick return motion mechanism.
(b) Four-bar mechanism.

(¢) Slider crank mechanism.

(d) Beam engine

110.

. Which oneof the

113.

Bevel gears are used to transmit rotary motion between

two shafts whose axes are.

(a) Perpendicular (b) Parallel

(¢) Non-intersecting (d) Non-coplanar

A differential gear in an automobile is a

(a) simple gear train (b) epicyclic gear train

(¢) compound gear train (d) speed reducer

Creep in belt drive is due to

(a) weak material of the belt

(b) weak material of the pulley

(¢) uneven extensions and contractions of the belt when
it passes from tight to slack side.

(d) expansion of the belt.

The crank shaft turning in a journal bearing formsa

(a) turning pair (b) sliding pair

(c) rolling pair (d) helical pair

What type of contact occurs during meshing of helical
gears?

(a) Point (b) “Line

(c) Auca %) Volume

ing drives isused for transmitting

pow
(b) Rope drives

(d) Chaindrives

: cam and follower is to form a

wer pair (b) higher pair

(¢) slhiding pair (d) rolling pair

Which of the following is antifriction bearing?

(a) , Needle bearing

(b) Pedestal bearing

(c) Collar bearing

(d) Hydrostatic bearing

Helical gears have their teeth

(a) inclined to wheel rim

(b) straight over the wheel rim

(¢) curved over the wheel rim

(d) cut on the surfaces of the frusta of cones

When the speed of governor increases, then

(a) height of governor and radius of rotation increase
(b) ~height-of governor and radius of rotation decrease
(c) -height-of governor decreases but radius of rotation
increases

height of governor increases but radius of rotation
decreases.

Abody of weight 30 N rests on a horizontal floor. A gradually
increasing horizontal force is applied to the body which
just starts moving when the force is 9 N. The coefficient of
friction between the body and the floor will be

©

(@ 103 (b) 3/10
(© 173 (d) 19
A body of weight W is placed on a rough inclined plane.

The inclination of the plane with the horizontal is less than
the angle of friction. The body will

(a) bein equilibrium (b) move downwards

(¢) move upwards (d) none of the above
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118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

A ball is dropped vertically downwards, it hits the floor
with a velocity of 9 m/s and bounces to a distance of 1.2 m.
Coefficient of restitution between the floor and ball is

(a 054 (b) zero

(© 1 d 027

For a material with Poisson’s ratio 0.25, the ratio of modulus
of rigidity to modulus of elasticity well be

(@ 04 (b) 12

(¢ 20 (d 36

If equal and opposite forces applied to a body tend to

elongate it, then the stress produced is

(a) tensile stress (b) bending stress

(¢) compressive stress (d) shear stress

The direction of frictional force acting on a body which can
slide on a fized surface is

(a) inthedirection of motion

(b) normal to the direction of motion

(¢) unpredictable

(d) opposite to the direction of metion

What strength of the material is to be considered for design
of a ductile component under cyclic load?

(a) Ultimate strength

(b) Yield strength

(¢) Endurance strength

(d) Fracture strength

For any given power and permissible shear stress, theQ
5

rotational speed of shaft and its diameter argicorrecte b
the expression "

(@) ND3=constant
(b) ND? = constant
(c) ND = constant

B |

W ——

(d) /ND = constant
Which law of motion (of newton)“gives'the measure<of

force?
(a) Newton’s first law (b) Newton’s second law

(¢) Newton’s third law < (d) None of thes;

The shear stress at th ce}'ter of a circular sha der
q

(a) (b) minimum

(c) zero (d) S unpredictable

The friction between object that are stationary is called
(a) static friction (b)4 rolling friction

(¢) kinetic friction v (d) - dynamicfriction
Fatigue of a componentis due to

(a) cyclic load (b) static load

(c) constant heating (d) collision

The angle tutned by a wheel while it starts from rest and
acceleratesat constant rate of 3 rad/s? for an interval of 20
sec is

torsion is

(@ 900 rad (b) 600rad
(¢) 1200 rad (d) 300rad
Stress due to change in temperature developed in a bar

depend upon

(a) coefficient of thermal expansion
(b) thermal conductivity

(c) density

(d) poisson’s ratio

130.

131.

132.

133.

134.

Strength of the beam depends on

(a) Bending moment (b) Density

(c) section modulus (d) e.g. of the section

A reversible heat engine working at the rate of 100 kW has
an efficiency of 20%. The magnitudes of heat transfer rate
from the source and to the sink in kW would be, respectively,

(a) 200, 100 (b) 300, 200
(c) 500, 400 (d) 1000, 900
The boiling and freezing points for water are marked on a

temperature scale P as 130°P and -20°P respectively. What
will be the reading on this scale corresponding to 60°C on
Celsius scale?

(a) 60°P (b) 70°P
(c) 90°P (d) 110°P
In a reaction turbine, the heat drop in fixed bladeis8 kJ/kg

and total heat drop per stage is 20 kj/kg. The degree of
reaction 1S

() 40% (b). 60%

() 66.7% (d) 80%

A closed balloon containifig 10%g of helium receives 5 kj/kg

S

of heat During thls process, the volume of the balloon
slowl creases %‘c constant pressure of 100 kPa.
Thec ange i energy, in kJ, is
(@ 10 (b) 20
(© 30 \r (d 70

As_sertlglkA) : Ifa hot metal ball is quenched in a liquid of
low temperature, heat transfer will take place from metal
ball to liquid and not in the reverse direction.

Reason (R) : Heat transfer process from hot metal ball to
liquid at lower temperature complies with the increase of
entropy principle i.e., S,., > 0 and the reverse process
does not.

(a) Both A andR are true, and R is the correct explanation
of (a)

Both A and R are true, but R is not the correct
explanation of (a)

A is true, but Riis false.

R istrue, but Ais false.

gen

(b)

©
(d)

136. The food compartment of a refrigerator is maintained at4° C

137.

138.

by removing heat from it at a rate of 360 kJ/min. If the
required-power input to the refrigerator is 2 kW, the COP of
the refrigerator is

(@ 20 (b) 173

(¢) 05 @ 30

For a 4-stroke diesel engine, the compression ratiois 2 : 1.
What is its expansion ratio?

@ 7:1 (b) 10.5:1

() 12:1 (d 19:1

A gas in a container A is in thermal equilibrium with another

gas of the same mass in container (b) If the corresponding
pressures and volumes are denoted by suffixes A and (b)
then which of'the following statements is true?

(@) Pp#Pp V,=Vp (b) Po=Pp,Vp# Vg

Py Py

© ﬁ = g (d) PoVA=PgVp
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148.

149.
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A liquid flows from low level Z; , pressure P, to a higher
level Z,, pressure P,. It can be concluded
(a) first law of thermodynamics has been violated
(b) second law of thermodynamic has been violated
© Z,<7Z,
(d P,<P;
In diesel engines, the duration between the time of injection
and ignition, is known as
(a) pre-ignition period (b) delay period
(c) ignition period (d) burning period
The process of supplying the intake air to the engine
cylinder at a density more than the density of the
surrounding atmosphere is known as
(a) scavenging (b) detonation
(b) supercharging (d) polymerisation
Which of the following expression gives the entropy
change in an isobaric heating process from T, to T,?

T
(a) mC, ln?1 (b) mC, (T,-T))
() mC,(T,-T))/Ty (d mC, (T;+Ty)
If V, be the inletsabsolute velocity to blades, Vy, be the
tangential blade velocity and o be the nozzle angle, then
for maximum blade efficiency for single-stage impulse
turbine

ALY COS 0L Mo _ cogee %
@ Offevats w‘,’__
Vb 2 i Qco‘s’a
—==cos” o —3 157.
© v, 2
Which of the following does not relate to steam engine?
(a) Crank shaft (b) /Cross head 158.

(¢) Steam chest (d) * Steam separator

Self-ignition temperature of diesel as compared te petrol
(@) ishigher " (b) islower

(¢) issame \} (d) waries conmd%)ly
Morse test is conducted on

(a) vertical engines (b) horizontal engines

(c) singlecylinder engines (d)” multi cylinder engines
In spark ignition (SI) engines, 1heposs1b1hty of knocking
can be reduced by 4

(a) increasing compress‘wn ratio

(b) decreasing compression ratio

(c) increasing the coolant temperature

(d) advancingthe spark timing

Higher compression ratio in diesel engine result in

(a) lower temperature (b) lower pressure

(c) same pressure (d) higher pressure

What salts of calcium and magnesium cause temporary
hardness of bolier feed water?

(a) Chlorides (b) Bicarbonates

(¢) nitrates (d) Sulphites

In an isothermal process, the internal energy

(a) always increases (b) always decreases

(c) increases or decreases (d) remains constant

151.

152.

153.

154.

155.

159.

160.

161.

162.

Which of the following is a boiler mounting?

(a) Safety valve (b) Economizer

(c) Superheater (d) Feed pump

Which part of a petrol engine would need modifications if
the engine is to be made to run on LPG?

(a) Piston (b) Crankshaft
(c) Valves (d) Carburetor
An adiabatic process in a thermodynamic system is one in

which there is

(a) alimited heat transfer to or from the system through
the boundary

no heat transfer to or from the system through the
boundary

no energy transfer to or from the system through the
boundary

(d) no internal energy change in the system.

A device used to increase the temperature of saturated
steam without raising its pressure is called

(a) fusibleplug-~ (b) . blow off cock

(b) econemiser i‘(’d) superheater
Maximum diagram efficiency for'parson’s reaction turbine
is given by

(a) 920052 o/ Sgﬂsg
)~ cos?a/ cos o)
(©) ‘cos®or/(T+ 2.668° )

(b)
©

d 2 coszwﬁ!Z cos” o)

The delay period in a petrol engine is of the order of
(a) .0.001 sec (b) 0.002 sec

() 0.01 sec (d) 0.05sec

Octane number of iso-octane is

(a) S0 (b)y 70

(© 0 (d) 100

The silencer of an IC engine

(a) reduces noise

(b) decreases brake specific fuel consumption

(c) increases brake specific fuel consumption

(d) has no effect on efficiency

The compression ratio for a practical diesel engine usually
lies in the range

(@) 5-7 (b) 7-9

(¢) 10-15 d 16-22

Forl a four -cylinder engine, the fixing order for evenness of
torque is

(@ 1-2-3-4 (b)y 1-3-2-4

() 1-4-3-2 d 1-3-4-2

The drag coefficient is defined as

@@ (Fp /A)(pv(z)) b (B /A)(va%)

¢ b /(O.Spv%) (d Fp /(O.Spv(z)A)

The length of the divergent portion of venturimeter in
comparison to convergent portion is

(a) same

(b) more

(c) less

(d) depending upon the type of flow
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163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Froude’s Number relates to

() inertia force and gravity force

(b) inertia force and pressure force

(c) inertia force and surface tension force

(d) inertia force and elastic force

In pitot-tube the velocity of flow at a point is reduced to
zero. That point is called as

(a) stagnation point (b) critical point

(c) metacentre (d) equilibrium point

The velocity distribution in a pipe flow as parabolic if the
flow is

(a) uniform, turbulent

(b) uniform, laminar

(¢) non-uniform, steady

(d) rotational, compressible

Mercury does not wet the glass surface. This property to
mercury is due to

(a) adhesion (b) cohesion

(c) surface tension (d) viscosity

Loss of head due to friction inauniform diameter pipe with
viscous flow is

(a) Re (b) 1/Re

(c) 4/Re (d) 16/Re

Maximum theoretical efficiency of Pelton wheel is obtained

when the ratio of bucket speed to jet speed is
(a) 026 (b) 098
(c) 046 (d) 058

175.

176.

177.

178.

7
The velocity distribution for flow everaflat plateis.gi ’2
by u= (y =y*)in which u is veléCitysn metes§p d

at a distance y meters aboye't
stress value at y=0.15 m? The dynamic viscosity of fluid is

l’fplat MWhatis the shear

8.0 poise.
(@) 12.4N/m? (b) 1.24N/m?
(¢) 0.56N/m? (d)o/5.:6N/m?

A hydraulic turbine runs at 240 rpm-under a head, of 9 m.
What will be the speed (in ﬁr_&m) of the turbine if Operating
head is 16 m? - '
(@ 320 ‘ \’ (b) 426
() 264 r (d) 230
The discharge of'a liquid of kinematic viscosity 4x 102
m?/s through a 80 mm diameter pipe'is 3200 1t x 10~ m?/s.
The flow is

(a) laminar g (R)-’ turbulent
(c) transition : (d) critical
The velocity at a point on. the crest of a model dam was

measured to be 1 m/s. The corresponding prototype
velocity for a linear'scale ratio of 25, in m/s, is

(@ 25 (b) 25

() 5 (d) 004

Pressure force on the 15 cm diameter headlight of an
automobile travelling at 0.25 m/sis

(@ 104N (b) 6.8N

(c) 48N (d 32N

A piece of metal of specific gravity 7 floats in mercury of

specific gravity 13.6. What fraction of its volume is under
mercury?
(@ 05

(¢) 0515

(b) 04
) 0415

180.

181.

182.

The friction head lost due to flow of a viscous fluid through
a circular pipe of length L and diameter d with a velocity v
and pipe Fanning friction factor fis

MLV MLV
@ g, 0 22,
v? 4L v2
© 5 D Td 2
2, nd 2,
The ratio of pressures between two points A and B located

respectively at depths 0.5 m and 2 m below a constant level
of water in a tank is

@ 1:1 @ 1:2
(c) 1:4 (d 1:16
Using Blasius equation, the friction factor for turbulent

flow through pipes varies as

(@) Re! (b) Re?3

() Re‘0'33~! Y (d) Re-0-25

The specific speed (Ns) of a g‘entriﬁJgal pump is given by

NJQ NyQ

F

(a) B’
e /3 \ H3/4
R PR A N0
H “ H5/4

b Pressulﬁ%'tensity inside the water droplets is (where © -

surface tension, d - diameter of bubble)

_so 20
@, P= ®) P=
p=20 d p=o
© P=-g @ p=3
The length of a rectangular weir is L and height H,. The

maximunm depth of water on the upstream side of the weir
1s H. Flow rate over the notch (Q) is

” 5/2
@) Q=SeL 2 H

2

(b) Q=§ch\/2g<H—Hl>5/2
2

(© Q=Segl 2,02

2
@ Q :gch\/Z(H—HI)S/z

The coeftficient of discharge (cy) of an orifice varies with
(a) Weber number (b) Mach number

(¢) Reynold’s number (d) Froude number

A hydrometer is used to determine

(a) relative humidity

(b) surface tension of liquids

(c) specific gravity of liquids

(d)

viscosity of liquids
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183. In flow through a pipe, the transition from laminar to
turbulent flow does not depend on

(@) wvelocity of the fluid (b) density of the fluid

(c) length ofthe pipe (d) diameter of the pipe
Low specific speed of a turbine implies that it is

(a) Propeller turbine (b) Francis turbine

(¢) Impulse turbine (d) Kaplanturbine

Flow of water in a pipe about 3 meters in diameter can be
measured by

(a) Orifice plate (b) Venturi

(c) Pitot tube (d) Nozzle

In a pitot tube, at the stganation point

(a) pressure is zero

(b)

184.

185.

186.

total energy is zero
(¢) pressure head is equal to velocity

(d) all the velocity head is converted into pressure head
Navier-stokes equations are associated with

(a) Buoyancy (b) Supersonic flow

(c) Vortex flow (d)  Viscous flow

The water hammer pressure in a pipe can be reduced by
(a) using pipe of greater diameter

(b) using a more elastic pipe

(c) using pipe of greater wall thickness

(d) increasing the velocity of pressure wave
When a fluid is in motion, the pressure at a pomt is
all directions. Then the fluid is
(a) Real fluid
(¢) Ideal fluid

187.

188.

189.

(b)4

190. Density of water is maximuan ]
(@) 0°C (b) 4K
() 4°C (d) 100°C

191. The ability of a tool material to resistshock or impact forces
is known as

(a) wear resistance
(¢) red hardness

(b) toughness

(;T(d)‘ machi‘nabilit)\
£\ k

2

192.

193.

194.

195.

196.

197.

200.

@FLN,

The tool material which has heat and wear resistance is
(a) Ceramics (b) Cemented carbide

(c) Carbon steel (d) Medium alloy steel

To improve the surface finish of castings, the following
additive is used in the moulding sand:

(a) Resins (b) Oils

(¢) Wood flour (d) Sea coal

The binding material used in cemented carbide tools is

(a) Nickel (b) Cobalt

(¢) Chromium (d) Carbon

Which one of the following is an example of solid state
welding?

(a) Gaswelding

(¢) Thermit welding

(b) Arcwelding

(d) Forgewelding

The shape and size of sand grains affects the following
property:

(@) Adhesiveness (b) Porosity

(c) Refractoritiess (d) Strength’

Cereals are added to the mouLdmg sand to improve the
following:

(a)” Porosi

(b) Greenstrength

(d) Edge hardness
oduced by using

g (b) green sand moulding
noulding (d) injection moulding
eneraly used fuel gas in gas welding is

(b) CO,

(c) C,H, (d) He

Spot welding, projection welding and seam welding belong
to the category of

(a) electric resistance welding
(b) forgewelding

(c) thermitwelding

(d) arcwelding
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1. (a) Dehradunis capital of Uttarakhand. Similarly Aizawlis 7. (d) (1) : 1
capital of Mizoram. Similarly
2. (c) “Court”isthe place where the judge gives his decision (10)°: 1000
on crime. Similarly, Hospital is the place where the ] © 30
doctor diagnose the disease of the patient. ' 7 : 56 - - 5 :
| . | I
3 © /_(.)_l I(—)l 7+ (77 5+ (5)
9.  (b) Here only 63 is not belonging to group because it is
Yy Q X P J B I A divisible by 3.
D | | (1) I 10. (c) Mumbai, Kolkata and Cochin all are costal.city: Similarly,
Chennai is also a costal city.
11. (¢
| (1) | | =1 l 12. (a) Al othei except (a) are root vegetables.
o vV X & D| * TC " 0 eSS F S
. 6
=) D (ORI F
P =0 —=> N
4 () e e d =
(+6) (80}
T 3 1 M+—> £ = 0
| (S)Z) l, b MS T,Q'Sﬂ(gvord
| +2) ¥ | H"
AD G J :BEHEK: : DG J MG ).(de_;Fﬂ)I
“d | l (*3) * W
0 : pe T V:) N +3) *
) L) P—O0—R
(+1) (£3) L Q) K 2 M
5 @ ACE BDF LKM is odd word
\
¢ T 5 @ vBw p3q
(+1) 1) 1)
Vg X m—> nh
(G2 \ ) @)
< e 1
Similarly ‘ N 1) (1)
c—b r —> S
oK ISR 16.  (a) Except(a), all others are not divisible by 2nd term.
| éﬂ) | L - 1 7=.~(e) ~In-allthe optionsssecond number is square of first number
(1) e but inoption (¢), square of 12 is not 141. So, (c) is odd.
T (+1) 18. (@) LCMof25,40,56
2|25 40, 56
6. (@ CAT D D \\{ <125 20 2%
1 1 5|25 20, 28
215 4, 28
) 205 2, 14
(+5) B A
5, L 7
Similarly
B1 G CL L ;2433””””
D) SmallestNumber = 1400+ 13 = 1413,
(+3) 19. (c) As per dictionary
(+5) L, .
Elocution, Embrace, Emplane, Empower, Equable.
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20. (b) Meaning full words 28. (a)
|—> Tilling — Sowing — Weeding — Reaping. 11 22 121
21. (b) Colour of Rainbow 3 I+5+4x3], 5[22+20+5x3)5 ¢ 121+25+6x5 5
=VIBGYOR =28 =42+ 15=57 =146 +30=176
Reverseorder—-ROY GBIV 5 20 25
A ding t ti
ccording to option 2 (@
Ls 43,125 63
+2 +2 +2 +2 +2 +2
2. o c>E—>G J—L—>N Q—>S—U | / ) ! |
. ) |3|1|7||
Similarly, H—>J—L
23. (b) =063
x 2 x 2 ) ) ) =7%x1x9=63
N N N N N
B-1, D-2, F-4, H-8 J-16, L-32 =>3><1><7><=63
| +2 'n +2 ﬂ +2 ﬂ +2 11 +2 T 30. (b) Afterarranging the letters, we get word “ENGLAND’
which is the name of the country.
%, (o) (+3) (+3) (+3) 3l...(c) Itis basedon position of English alphabet.
| | (+3)
C G JK O RT X AF J M
(+4) | (+4) | (+4) |
(+4)
25. (d) 170 x2+2
=342
86 x2-2
- 752%x2-1=3
2 3=3%x2-1=5
:86 4=4x2-1=7
5=5%x2-1=9
2%x2-2 7+3=421=(7-3)(7x3)
=42 =10 11+7=477=(11-7)(11x7)
T0 <220 9+5=445=(9-5)(9%5)
Fox 6+2=(6—2)(6x2)=412
ﬁ 36, (a)
26, (b) ¢ - o B
N | M M »
+6 +12 +18
S K BN Brother-in-law
ol /—\
(Ram)Husband <——=> Si(St;3Y< >Brother(+)
() -
N.
x Girl <—> Brother
8 - (+)
27. (b)
5727x8+1 25=8x3+] Hence, girl is the niece of Ram.
7 3 38 (c) Allthe above lines are symmetrical, as all these lines
divide the given figure into two mirror-image halves.
43=7%x6+1 13=4x%x3+1 39. (C) Let total Journey=ka.
Ist hour, he travelled = - km
6“3 T sthour, he travelled = - -km.
31=6x5+1 21=5x4+1 ¥
Y Next hour, he travelled = 5 km.
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Y x 50
Total distance travelled = (Z + 3 )km
_ m
4
3x
Remaining distance = | * 4 km
51
- Ykm
4
It is given that, last
last 30 min, he travelled = 80 km
X
Z=80 52.
=3
x=320km.
40. (9 3
41.  (c¢)
42. (b)
Regions Numbers
1 2 3 4
Circle x % % v
S%Ie x | v | v
Trjigle v v x x %
Only number 4 is present in the square and the cirele: 6.
8. (b Information-Communication
echnology
| 57.
q
Compu Internet © &
44, (b) Conclusions :
L () TRT% 58
II. (v) | All follow\given statements. :
L. (v)
45. (c) Arguments:
I (%) Itdoes not tell about real meaning.
II. (¥).Heavy bags spoil the posture of the 59
children.
II. (%) More load does not mean to get more
knowledge
IV. (¥)knowledge can not be gained by taking more 60,
load.
46. (¢
47. (d) 61.
48. (a)

49, (d)

(d

©

(b)

(b)

(@)

(@)

(d)

(b)

(@)

(b)

2014-13
9 10 5
5 6 4
4 6 4
5(9%4) [6 (10x6)| 4 (5x4)
=536 | =660 =420

The difference between macro and micro was
introduced in 1933 by the Norwegian, Ragnar
Frisch.Macroeconomics studies the behavior of
economic aggregates.Microeconomics studies the
behavior of individual economic units, which“can be
individuals, families, businesses, and the.markets in
which they operate.

Capital goods refers to goods which help in the further
production of goods. These include factory buildings,
machinqq‘equipments, tools etc.

Net national product (NNP) isithe market value of a
nation's goods and Servi€es minus depreciation.
NNP= Gross.National Product —Depreciation

Ng

ns the total value of goods and
ally in a country. It shows the

st important characteristics of oligepoly

(1) an industry dominated by a small number of large
firms,
(2) firmssell either identical or differentiated products,
and
(3) theindustry has significant barriers to entry.
The governor can dissolve the Vidhan Sabha. These
powers are formal and the governor while using these
powers must act according to the advice of the Council
of Ministers headed by the chief minister.
A 'supreme court was established at Fort William at
Calcutta by Regulating Act,1773. The Regulating Act
of 1773 was an Act of the Parliament of Great Britain
intended to overhaul the management of the East India
Company's rule in India.
73rd Amendment of the Constitution of India, 1992
provides Constitutional status to Panchayati Raj. The
Amendment Act has added part IX to the Constitution
of India. It consists of provisions from Article 243 to
243-0.
Under the Constitution of India (Article 72), the
President of India can grant a pardon or reduce the
sentence of a convicted person, particularly in cases
involving capital punishment.
Article 315 of the Constitution provides for separate
Public Service Commission for the Union and States
without any formal linkage between the two.
The Harappans worshipped Mother Goddess,
Pashupati or Lord Shiva, Trees, animals such as the
bull, buffalo and tiger etc.
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©
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The Salt March, also known as the Dandi March was a
march initiated by Mohandas Gandhi to illegally
produce salt from seawater. It began on 12 March, 1930,
and was a direct action campaign of tax resistance and
nonviolent protest against the British salt monopoly
in colonial India.

Birbal was the court poet of Akbar. He was appointed
by Akbar as a poet and singer in around 1556-1562. He
was an advisor in the court of the Mughal Emperor
Akbar.

Shankaracharya established four great mathas at the
four corners of India which are Sringeri ( Karnataka),
Jyotirmath, (Uttarakhand), Govardhana matha at Puri,
(Odisha) and Dvaraka Pitha (Gujarat.)

Mohenjo-Daro and Harappa are two ancient cities
located on the banks of the Indus and its tributary the
Ravi River in the northwestern region of the Indian
subcontinent. The name of Mohenjo-Daro means the
"Mound of the Dead" because the center of the town
is an artificial moeund about 50 feet high surrounded
with a brick wall and fortified with towers.

Hirakud Dam was built on Mahanadi river which isthe
longest dam in India. It is located in the state of Odisha.,

Neyveliis a mining and power generation townshipi 1n
the state of Tamil Nadu.

The'lands around the Mediterranean Sea }“
largest area where this climate type is fo

found in the United St‘s ere ﬁevalls in most of
Californiaand in southwestern Oregon in parts of
Western and South Australia, in.southwestern South
Africa, sections of Central Asia, andin central Chile.

Tensional stress is the main-cause of faulting.

Pan-America refers to Northh America, Central America,
South America and th_é‘Garibbean |A

Ferns are g_gnoné the first vascular plantéw that
successﬁ}@ 1nvakd terrestrial habitats. They dlsperse
mainly by spores and are regarded more primitive than
seed plants.

Wilting is loss of turgor (tensmn of tissues) by plants
due to disruption of {hié. water balance; it occurs when
thetranspiration of water by leaves exceeds the amount
entering the tissues. Wilting is manifested externally
by a drooping of the leaves and tops of the stems.

A lichen'is a composite organism that arises from algae
or cyanobacteria (or both) living among filaments of a
fungus in a symbiotic relationship.

Signs & Symptoms of Vitamin B2 deficiency are:
Cheilosis (chapping of the lips), Angular Stomatitis
(cracking in the corners of the lips), Photophobia
(sensitivity to light), Dry itchy eyes, Depression,
Anxiety, Memory loss, Neuropathy, Fatigue.

Plant cells have arigid cell wall that surrounds the cell
membrane. Animal cells donot have a cell wall.

76.

7.
78.
79.

80.

81.

82.

83.

87.

88.

89.

91.

93.

(d

(@)
©
(b)

(b)

©

(b)

(d)

(d)

(©

©

(d)

©

(d)

Mangoes and carrots are beautiful to look at because
they contain rich deposits of carotene pigments. The
carotenes come in many different variations, and range
in color from yellow to deep orange.

Lunar eclipse is an eclipse in which the moon appears
darkened as it passes into the earth's shadow.

Jupiter is the largest planet in the solar system.
Asteroids are found between the orbits of Mars and
Jupiter. An asteroid is a large, irregularly shaped object
in space that orbits our Sun.

An Electrocardiograph (E.C.G.) is the most common
cardiac test carried out on cardiac patients. The E.C.G.
takes a recording of the electrical activity of the heart
(heart beat) onto paper.

USB (Universal Serial Bus) is a standard for a wired
connection between two electronic-devices, including
a mobile phone and a desktop computer.

A wide dreanetwork (WAN) is a telecommunications
network or.computer networkthat extends over a large
geographical distance: ©

A commen'chara stic of most Alkali Metals is their
ability to di ) from water. Sulphur(S) is an
exampl 3

Pb does no(%gsﬂve in dilute H,SO, because of surface
coatiugof PbSO

For order zero, the rate coefficient has units of
mol:L1-s7! (or M-s ™).

Copper(II) ion reacts with stoichiometric quantities of
aqueous ammonia to precipitate light blue Cu(OH),.
Residence time of water molecule in the ocean is 35
years.

Biotic components usually include: Producers(plants),
Consumers(animals) and Decomposers (fungi and
bacteria).

Greenhouse effect is an elevation in surface
temperatures due to atmospheric gases absorbing and
re-radiating thermal energy.The greenhouse effect
insulates the Earth's surface, making it hospitable to
life; however, human activities have increased the
concentration of these gases, causing global warming.
Decomposers are organisms that break down dead or
decaying organisms, and in doing so, carry out the
natural process of decomposition. They include
Bacteria and Fungi.

"Religion is the opium of the people" is one of the
most frequently paraphrased statements of German
economist Karl Marx.

Santosh Yadav is an Indian mountaineer. She is the
first woman in the world to climb Mount Everest twice
and the first woman to successfully climb Mt Everest
from Kangshung Face. She first climbed the peak in
May 1992 and then did it again in May 1993.

Political freedom of the individual is the second aspect
of Gandhi's notion of Swaraj.
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M. (d)
%5 (a)
9%. (d)
97.  (b)
9. (a)
9. (a)
100. (a)
101. (a)
102. (b)

Amir Khusrow is the prominent Persian poet and
laureate of Alauddin's court.

The Servants of India Society was formed in Pune,
Maharashtra, on June 12, 1905 by Gopal Krishna
Gokhale.

Satyagraha was evolved by Gandhi as an effective
substitute for violent and destructive ways of fighting
evil in the form of injustice, oppression and all kinds of
exploitation.It is the weapon of the brave against all
evil.

Pandit Shivkumar Sharma is an Indian Santoor player.
The Santoor is a folk instrument from Jammu and
kashmir. He is credited with making the Santoor a
popular Classical Instrument.

Patanjali is the compiler of the Yoga Sutras, an important
collection of aphorisms on Yogapractice.

Abraham Lincoln abolished Slavery. The 13th
amendment to the United States Constitution provides
that "Neither slavery nor involuntary servitude, except
as a punishment for crime whereof the party shall have
been duly convicted, shall exist within the United
States, nor any place subject to their jurisdiction."
Valentina Tereshkova was the first woman to go into
space when she flew Vostok 6 in 1963. She spent almost
three days in space and orbited Earth 48 times.
Torque delivered (t) = 14000 + 7000 sin 6

n/2
Mean torque (T,,,,) = j (14000 +‘g)0 | _
2 TC
=[140008 - 700005 0]2 106.
T
2 T T
= —[14000x ——7000cos—
4 ) s 107,
T=T,,,, = 14000 = 14000 - 7000 sin ©
sinf=0 = 6= sint!( 4
then, 0=0/n/21 ‘
For sin 6 becomes zero, volume of@should be 0°,180° 108,
and 360°.
Given: shearing strength ofrivet (P.) = 50 N/mm?
Using the following equation,
. T 2
Shearing strength (P)= T 1 (D)
Now, when‘diameter is D =d, 109.
T \2 .
Py =75 (d) ()
when diameter is D = 2d (As diameter is doubled) 110.
n 2 ..
P =1, Z(Zd) (1)
Py ( d )2 L 111.
—_— — = — == —
Now, p "\2d P, 4> 4
Pg, = 4Ps; =4 x 50=200 N/mm?

103.

104.

O

(b)

©

.

(2)
(@)

(b)

©

@)

@)

(d)

Considering grashof linkage for a planar four bar
mechanism, S+ ¢ <R+ S

Here, S — Shortest link, 1 — largest link

and R and S are lengths of two remaining links.

Now, Given:

ST LS

From figure,

10+5<8+9

15<17

So, the mechanism in grashof mechanism, and if the
shortest link in theframedi.e, ground link, a double-
crank mechanism is obta?ﬂed

Given, veloeityi(W)=l 0 cm/s
1\}€Speed)—¢ 'c

. &Vel )’ 2nN _27x60
oprty 60
Conﬁ"cceleratlon (a, ) =2XVXW
=2x10x2m
=40m

Coriolis component of acceleration is considered in
quick return motion mechanism.

In case of Bevel grass, teeth are straight and vary
cross-sectionaly. These are utilized to connect shafts
which are at right angles i.e., their axis are
perpendicular.

A differential gear in an automobile in a epicyclic gear
train. Epicyclic means that one gear is revolving upon
and around the other. There are popular for automatic
transmissions in automobiles.

When a belt rotates through pulleys, upper side is
tight and lower side is slack, and some specific part of
belt will pass-ftem light to slack side, then the length
of that specific_part tend to expand and contract
subsequently which leads to uneven extensions and
contractions of the belt.

In a turning pair, the two links are connected in a way
that enables only a rotary motion between them.
Examples of turning pair are : a crank, shaft turning in
ajournal bearing, connecting rod and crank etc.
With parallel helical gears, each pair of teeth make a
contact at a right point at one side of gear, then a
moving curve of contact develops across the tace of
tooth to a maximum.

As no slip takes place during chain drive power
transmission. So perfect velocity ratio is obtained.
While, Belt and rope driver and cone pulleys have slip
during power transmission.
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112. (b)

113. (a)

114. (a)

115. (c)

116. (b)

117. (a)

SSC Junior Mechanical Engineering

The contact between cam and follower is to form a
higher pair. When a pair involves a point or line contact
between the links, it is termed as higher pair.

Needle bearing corner under the category of
antifriction bearing. Antifriction bearings minimize
friction by eliminating sliding motion between surfaces
of bearings and replacing all contacts with interfaces
of rolling motion. Antifriction bearings can be classified
into three configurations :

(i axialball

(i) roller bearing

(i) thrust bearings.

Helical gears have their teeth inclined to wheel rim. In
helical gears, teeth are inclined to axis of rotation, the
angle provides more gradual engagement of tecth
during meshing.

If the speed of governor is increased, height of
governor decreases but radius of rotation increases.
With the increase in speed, there is an increase in
centrifugal force dueto which radius of arm rotation is
increased. As'a result, governor sleeves move
downward thus decreasing the height of governor.
Given: weight (w) =30 N

w=30N

l

E =OD]
‘— i’

77777777
R

Limiting force (Flimi[mg) =9N

For equilibrium, “~

Normal reaction ( ;Weight (w) *\
=30N e

Using th'ér‘muh, F=uR (where |1 = coefficient of
friction)

F_9_3 o6
R 30 10 L laX
If the inclination‘of plane is less than the angle of
friction, the bodywill be in equilibrium.

Let, o< = angle of repose, ¢ = angle of friction.
As we know that, o< = ¢ and angle of repose (o<) is the
angle at which the body is at the verge of motion.

118. (a)

Coefficient of restitution (e) =

119. (a)

120,/(2)

~

‘, ’
. (d)_"
"‘

1227°%(c)

123. (a)

124. (b)

125. (c)

126. (a)

127. (a)

Given, velocity (before rebound) (u) =9 m/s
Height of bounce (h) = 1.2 m

Velocity after impact (v)

Velocity before impact (u)

J2gh  2x9.8x12
9

9

=+/23.52/9=0.538=0.54

The relationship between modulus of elasticity (E) and
modulus of rigidity (¢) is given as
E=2c(l+u) ..(1)
Where, L = Poisson’s ratio
Given: 1=0.25,
Now, using equation (i)
E=2c(1+0:25)
(- 4

E a(195)= < 2gios

c E 25 0F
If equalvand oppesite forces (pull type forces) are
azf)lied to a body. these pull type forces tend to
elongat body‘and the stress induced is known
as tensile stressi
Whe "a‘dy slides over a fixed body, a force is exerted
at the contact surface by the fixed body on the body
in motion. Their force in known as friction (force of
friction) and is always acting in the opposite direction
to the direction of motion.
Endurance strength of the material is to be considered
while designing a ductile component under cyclic
loading. In case of fatigue fracture, the value of stress
at which the material/body fails (under cyclic loading),
is much below then the normal yield stress which is
known as endurance limit or strength of the material.
ND3 = constant
Where, N = Rotational speed of shaft
D = diameter of shaft
Newton’s second law of motion gives the measure of
force. Ttstates that net external force acting on a body
is=directly-proportional to the rate of change of
momentum.
F=ma.
where, m = mass of body
a = acceleration of body
Shear stress at the centre of a circular shaft under
torsion is zero. The shear stress varies upto maximum
at the outer surface of the circular shaft under torsion.
The friction between objects that are in contact and
are stationary is called static friction.
Fatigue of a component is due to cyclic loading.
Fatigue fracture occurs due to the application of cyclic
or repetitive loading with a large number of cycles
(106 —107 cycles).
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128. (b) The equation of angular displacement (0),
1
0=yt +—oc £
2

where, m, = Initial angular velocity
o< = angular acceleration, t =time
Given: o< =3rad/s?, t=20 sec, 0, =0

1
then, e=0+%><3><(20)2 = 2X3x400 =600 rad

129. (a) Stress due to change in temperature developed in a
bar is termed as thermal stress and depends upon
coefficient of thermal expansion, temperature
difference and modular of elasticity.

130. (c) Strength of beam depends on section modular.
section modulus in a geometry property for a given
cross-section used in the design of beams or flexural
members.

To calculate section modulus (z) =1/y
Where, I = moment of inertia
y = distance from centre of gravity

131. (c¢) Given: output(O/P)=100kW
Efficiency(n) =20% or 0.2
Efficillity = Output( work do'ne) _ 100 _o2

Input (heat supplied) /P
I/P= RO =500kW
0.2
Total work done (O/ ied{(I/P) — Heat
rejected
100 =500 — Heat rejected
Heat rejected to sink =500 — 100.= 400 k/W
132. (b) (i) For atemperature scale P,
B.P.=130°P, F.P=-20°P
(i) For a temperaturescale, corresponding
m&mw:(j Q\
Corrsgﬁdii alue=60°C |
Let the valte be x°c ]
(BO—x)_(mo-aD:;BO—x__«)_z
Now, (130+20) (100D T5q 100 s
On solving, x =702C
133. (b) Given : Heat drop in fixed blade = 8 kJ/kg
Total heat drop/stage =20 kJ/kg
Ise ntropic heat drop in the
moving blades(rotor)
%100

Degree of reaction (R)= Ise ntropic heat drop in

a stage

Heat drop in moving blades = Total heat drop/stage —
Heat drop in fixed blade
=20-8=12kl/kg

R=£=%x100=60%

134. (¢) Change in internal energy (AU) = Heat (Q) — Work
done (w) [AU=Q —w]

v
w = JPdeP(VZ -vi)

Vi

where, the process is isobaric or pressure remain
constant.

Now, w=P xdv=100x0.2=20KJ
Q=10x5=50KJ

Now, AU=Q—-w=50-20=30K]J

135. (a) Both A and R are true and R is the correct explanation
of A because of thermodynamic equilibrium and.change
of entropy principle i.e. S gen = 0.
. Derived output
136. (d) Coefficient of performance (CoP), = —Require d input
6
CoP), =—=3
(Cop), =
137.)(b) In a air standard Diesel cycle,
. . Y
Compression ratio (rcomp) = v,
. Y3
Cut-offratio (r ) = v
/F 3
P p
4
1
Diesel Cycle

V4_V1 _Vl/V2

Expansion ratio (r,) = Vi V3 v3/v,

Teomp

Teut
Given: 1y, =21:1,r,,=2:1

p=2_ 2 050210500
21 2
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138. (d)

139. (d)

140. (b)

141. (c)

142. (a)

143. (b)

144. (d)
145. (a)

146. (d)

SSC Junior Mechanical Engineering

For two containers A and B, writing gas equation
PV,

The ideal gas law is written as

PV=nRT

Now, for two containers A and B, writing gas equations,

PaVa _PsVp
Ta Ty

[The temperature is constant, as the two container A
and B are in thermal equilibrium]

PA\VA=PgVp, [Ty =Tl

When liquid flow from low level to a higher level, It is
only possible due to difference in their pressure.
Therefore, fluid flows from high pressure to low
pressure in their particular case.

Mathematically, P, <P,.

In case of diesel engines, the duration between the
time of injection and ignition,is known as delay period.
It is actually the time between the start of injection
and start of combustion. The delay period should be
as short as_possible since long delay period gives
more rapid rise in pressure and thus causes knocking.
There are two components of delay period namely,
physical delay and chemical delay.

Supercharging is the process of supplyin githie int

air to engine cylinder at a density.morse than t
of surrounding atmosphereglt gives eac

of the' engine more ox eﬂettlngt bur
and do more work; th ncﬂam& power.
Change in Entropy for an isobaric process,

more fuel

SL T,
Ids=meJdT/T
S, T

_"".
LT, / )

ein entropy

AS=Sz—Sl=m

n

Maximum blade efficiency for single stage impulse
turbine,

where, cha

For single stage inipulse turing,
P

Vi
V.

1

_cosal
2

where, V= blade velocity

Vi=inlet velocity

o=nozzle angle
Steam separator is not the part of steam engine.
Selfignition temperature of diesel or compared to petrol
is higher. It is the lowest temperature at which it will
spontaneously ignite in a normal atmosphere without
an external source of ignition, such as flame or spark.
The morse test is a test conducted to calculate the
power developed in each cylinder in a multi-cylinder
IC engine.

147.

148.

149.

150.

151.

152

"‘

154.

155.

156.

157.
158.
159.

160.

161.

(b)

(d)

(b)
(d)
(@)

@ ¢

(d)

(@)
(b)
(d)
(@)
(d)

(d)

(d)

In spark ignition (SI) engines, the possibility of
knocking may be reduced by decreasing the
compression ratio. As decrease in compression ratio
decreases the pressure and temperature of the gases
at the end of compression strokes that increases the
ignition lag of end gas and thus decreases the
possibility of knocking.
Higher compression ratio in diesel engine results in
higher pressure. A high compression ratio is desirable
because it allows an engine to extract more mechanical
energy from a given mass of air fuel mixture due to its
high thermal efficiency.
Bi-carbonates of calcium and magnesium cause
temporary hardness of boiler feed water.
An isothermal process is a process-in. which the
temperature remains constant i.e., AT'=0 and thus the
internal energy of the system remains constant i.e.,
Aol 3
Safety'valueis one-of the boilermountings. The other
boiler mountings are sto'p value, control value, water
level.gauge, aii-re cock ete.
uretor ine would need modifications

ifthe en& ¢made to run on LPG: A carburetor
is a devi atmines air and fuel for an engine.
An a a‘r process is one that occurs without

| tran.skr of heat or matter between a system and its

surroundings, energy is transferred only as a work.
So, in adiabatic process, there is no heat transfer to or
from the system through the boundary.

Super heater is used to increase the temperature of
saturated steam without raising its pressure. It
converts saturated steam into dry steam. Radiant,
convection and separately fire type of superheaters
are used.

2cos2 o

Maximum efficiency (1 . )=~ 5 —
M 4 cos? o

(For parson’s reaction turbine)

The delay period in petrol engine is of the order of
0.002 sec.

Octanenumber of iso-octane is 100.

A silencer 1s a device used for reducing the amount of
noise emitted by the exhaust of an IC engine.
Compression ratio for a practical diesel engine usually
lies in the range of 16-22. Practical diesel engine uses
high compression ratio compared to petrol engine.
For a four-cylinder engine, firing order of evenness of
torqueis 1-3-4-2.

Cylinder firing orders improve the distribution of fresh
charge in the manifold to cylinders and helps the
release of exhaust gases, while at the same instant
reducer torsional vibrations.

Drag coefficient in a dimensionless quantity that is
used to calculate drag of an object in an environment
(air or water).



SSC Junior Mechanical Engineering

2014-19

162.

163.

164.

165.

166.

167.

168.

169.

(b)

@)

(@)
(b)
©

(d)

©

©

170. (a)

171.

(@)

It is defined or mathematically,
Ca=Fp/(0.5PV2A)

where, F = Drag force, P = mass density of fluid.
V= speed of object relative to fluid.

=reference area.
In venterimeter, the length of the divergent portion is
more than the length of convergent portion. It ensures
a rapid converging passage and a gradual diverging
passage in flow direction to reduce the loss of energy.
Froude number (F,) is a dimensionless number defined
as the ratio of flow inertia to the gravitational force. So
Froude number relates to inertia force and gravity force.
At stagnation point, the velocity of flow at a point is
reduced to zero in a pitot tube.
The velocity distribution in a pipe flow is parabolic if
the flow is uniform and laminar.
Surface tension is an elastic property in which liquids
cover the minimum surface area as possible. This is
due to cohesive forces among liquid molecular for the
phenomenon of surface tension. So, Mercury does
not wet the gloss surface due to surface tension.
Loss of head due to friction in a uniform diameter pi
with viscous flow is 16/R .
where, R_= Reynold’s number.
= Loss of head due to friction (
cross-section and &/D. y
Maximum theorctical‘effieieneyfol Pelton wheel is
obtained when the ratio of bucket speed to jet speed
is 0.46.
Given: velocity distribution forflow(u) = (y — y?)
where u = velocity, y = distance from plate.
Dynamic viscosity (1) = 8.0:poise

(:;;8 % 0.1= 0.8 Ns/172 \
d d "

i 2
Shear stréss (7) ME—O'?BX%(y—y)

172. (c)

173. (b)

176. (c)

7=0.8(1-2y)
=0.15=0:8 (I=2% ()'5)
038 (1-03)= 0856\ /m2
Speed of turbine (Ny) = 240 rpm
Head (H,)=9m
N,=2,H,~16m
using thefollowing formula,

1240\f
\/2 6 4

N, = 240><§ =320 rpm

Now, T,

177. ()
178. (b)
Given: Kinematic viscosity (v) =4 x 102 m?/s

Pipe diameter (D) =80 mm=8 x 103 m
Discharge (Q)=3200 7t x 10 m?/s

Using equation for Reynold’s number (Re)

_ QD _ 3200mx10~* x80x107

VA

4x1072 ><E><(80><10‘3)2
4

on solving, we get R_=400

When, R_ <2100, then the flow in a pipe is laminar.
Given: Velocity at a point on the crest of dam = 1m/s
Corresponding prototype velocity = 2

Scaleratio (linear) =25:1=C_

So, Velocity (Prototype) = /25:1 =5m/s

Using the following equation,

1
F :EPV2CdA

where Fgee V2A

[V =.velocity, A — Crogs -sectional area]
Given, V=0.25m/s dlameter (d)=15cm =0.15m

where, f= Darcy friction factor

L = Length of pipe

d =Diameter of pipe

V = Velocity of flow

g = gravitational acceleration

Pressure at depth in water is given by

P=pgH

where, p = density, g = acceleration due to gravity
H = depth.

Now, Given: H;=0.5m, H,=2m

i_ ngl Hl 05 )

P, = pgH, H2 5 [‘p’is same]
P 1

—=025=— =

P, 4 =P, :P,=1:4

Using Blasius equation, the friction factor for turbulent
flow through pipes varies as Re -2,
Specific speed of centrifugal pump.

NJQ

H3/4

NS=

where, N = Speed of pump
H=Head available
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179. (¢) Due to surface tension, pressure of a liquid increases
within a bubble.
Force due to surface tension = pressure force (P)
inside the bubble
21RG = PrR?
620 4o
R d/2 d

where, d = diameter of bubble
o = surface tension

180. In case of rectangular notch or weir,

(d

2 3/2
Flow rate over the notch (Q) = g CdL\/g (H —-H, )

where, C,; = coefficient of discharge
L =Length of weir
H=Maximum depth

181. (¢)

Coefficient of discharge (Cy)ofan orifice varier with
Reynold’s number. Thevalue of C; varier from 0.62 to
0.65 also depending upon the shape, size and head of
liquid.

182. (c)

A hydrometer is an instrument used to measure the
specifie gravity (relative density) of liquids.
In flow through a pipe, transmission from lami

turbulent flow does not depend upon len

In the transmission phase, R valuessocci

1800 t0 2300.

Low specific speed of a plies'thatitis Impulse
turbine.
A pitot tube is a pressure measurement instrument
used to measure fluid flow veloeity. It is used to
measure the local flow velocity ata given point in/the
flow stream. So, flow of waterin a pipe about3 m in
diameter can be measured by Pitot table.

In a pitot tube, all velocity head is converted tcﬁsssure
head at the stagnation point. This stagnation point is
located ﬁe trance. A pressure more| than the
free stream pressure results from kinematic to potential
conversion.

183. (c)

184. (c)

185. (c)

186. (d)

187. (d)

Navier - Stokes equations,are associated with-viscous
flow. These equations' desar.i%e the motion of viscous

fluid substances.

188.

189.

190.

191.

192.

193.

196

197.

198.

199.

200.

(b)

©

©
(b)

(b)

(d

- (d)

(b)

(b)

(d)

©
(@)

The water hammer pressure in a pipe can be reduced
by using a more elastic pipe. Water hammer is usually
recognized by a banging or thumping in water liner.
The other means of reducing water hammer is
compressible cushion of air.
When a fluid is in motion, the pressure at a point is
same in all directions, then the fluid is known as ideal
fluid. A ideal fluid has a zero viscosity and thus has no
shear stress.
Water has its highest/maximum densityof 100 kg/m? at
temperature of 4°C.
The ability of a tool material to resist shock or impact
forces is known as toughness.
Toughness of'a material is defined as maximum amount
of energy stored in a material just before. fracture
against suddenly (impact) applied loads.
The tool material which has high heat and wear
resistance/in cemented carbide. It'is'the potential to
vary its ‘c‘(')?np'osition so that the resulting properties
ensure maximum resistance to wear, deformation,
corrosion and oxidation.
0 moulding sand to improve the
3s. The coal is generally known
es which is present ata ratio of

um 1s used as a binding material in cemented
arbide tools.
Forge welding is an example of solid state welding.
The other examples are diffusion welding, explosion
welding, friction welding, roll welding etc.

The size and shape of sand graines affects the porosity
or permeability which is a moulding sand property.
Porosity also depends on moisture and clay
components.

Cereals is finely ground crystal structure and generally
increases the green and dry strengths of moulding
sand after adding in a proportion of (0.25 — 2%).
Injection moulding processes are usually employed
to produce thermoplastics and thermosetting polymer
based products such as plastic toys.

The most common used fuel gas in gas welding is
acetylene (C,H,).

Spot welding, projection welding and seam welding
belongs to the category of electric resistance welding.
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ENGINEERING
MECHANICS

CHAPTER

[t is the branch of Engineering Science which deals with the principles of mechanics along with their applications to the field problems.
Engineering Mechanics can be divided into its sub-groups as below

Engineering Mechanics

|
! !

Statics Dynamics

Kinemz;t[cs ies™
Statics deals with forces in terms of their distribution and effect omga bod}at absolute or relative rest.
Dynamics deals with the study of bodies in motion. Dynamies'is E%divided into kingmatics and kinetics. Kinematics is concerned

with the bodies in motion without taking into accountithe fo h are responsiblc for the motion.
Kinetics deals with the bodies in motionfand“its causes, @
Force System : A force system may'be eeplanag/fion nar.
In a coplanar force system, all thie forces aet'in thesame plane.
In a non-coplanar force system, all the forces act in.different planar.
Classification of force system : (For coplanar forces)

Force system

Coplanar
|
Collinear Concurrent Parallel Non-concurrent
Non-parallel

Non-coplanar

! . V

Concurrent Parallel Non-concurrent
Non-parallel
(Complete classification of force system)

1. Coplanar collinear : In this case, all the forces act in the same plane and also have a common line of action.
A (x- plane)
Fy |
F, &

.
.
e
.

v



lines of action of these forces act in the same plane but
they are neither parallel nor meet intersect at a common
point.

z F,
(Non-coplanar concurrent forces)

A2 Engineering Mechanics
2. Coplanar concurrent : In this case all the forces act in the Resultant of concurrent coplanar forces :
same plane and meet or intersect at a common point. Case I : When only two forces are acting at a point :
Resultant in determines by the law of parallelogram of
' (x y plane) f hich "If f . . b
F, orces, which states, two forces, acting at a point be
represented in magnitude and direction by the two
F, adjacent sides of a parallelogram, then their resultant is
represented in magnitude and direction by the diagonal of
F the parallelogram passing through that point ".
! F Let us consider that two forces P and Q act at a point 'O’
F, \3 in Fig.
3. Coplanar parallel force : All the forces act in a plane and
parallel with each other irrespective of direction.
N (x y plane)
«—F
——F, ¥
O P D A
_—
” So, Resultant force or Magli;u'ge of resultant (R):
R = \/Pz X N2
4. Coplanar non-concurrent, non-parallel : In this case, the :

. tan_l[ Qsina j

P+Qcosa

ftwo forces P and Q act at right angle i.e. o = 90°,

R="/p?+Q?.0= tan”~! (%}

= If two forces P and Q are equal in magnitude and
acting at angle 'a' between them, then

o o
R = 2Pcos2 , 0= 5
Case II : When more than two forces act at a point:
= The resultant of more than two forces may be
determined by rectangular components method i.e.
resolving all the forces into horizontal and vertical
components and then taking the algebric sum of horizontal
and vertical components or ¢H and &V respectively. So,

Magnitude of Resultant (R) = ./(cH)? + (¢V)?

_1( eV
Direction of Resultant (0) = tan ! (S_Hj
€

S

el
Analytical approach
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Resultant of more than two forces may also be calculated
by a graphical method i.e., with the help of Polygon Law
of forces which states : If a number of coplanar forces are
acting at a point such that they can be represented in
magnitude and direction by the sides of a polygon taken
in the same order, then their resultant is represented in
magnitude and direction by the closing side of the
polygon taken in the opposite order.

el
dF,
F Sf
Fy ;
2
Resultant
a h F lb

(Polygon of forces

(Coplanar concurrent forces) ;
showing resultant)

Law of triangle : It states that if two forces acting on a
body can be represented by two sides of the triangle
taken in the same order then this resultant ca
represented by the third side of triangle, taken i
opposite order.

Here, R = A+B

Lami’s Theorem : |E states that if two, forces acting at a point
are in equilibrium, each of the two forces will be proportional

to the sine of the angle between_the other two_forces.

v
4‘\. .

F,

Moment of a force : It is defined or the, product of the
magnitude of the force and the perpendicular distance of
the point from the line of action'of fhe force.

Oy

Moment (M) =F x r

Couple : Two parallel forces equal in magnitude and
opposite in direction and separated by a definite distance
are said to form a couple.

P,

4

\4
Pl

Principle of transmissibility: It states that the state of
rest or motion of a solid (rigid) body in unaffected if a
force acting on the body is replaced by another force of
same magnitude and direction but acting anywhere on the
body along the line of action of the replaced force.

Action and Reaction : From Newton's third law, for every
action there is a equal and opposite reaction.
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Iw=mg

T Surface / Support
R

Some conceptor/terms of friction :

Friction : Friction may be defined as the resistive force acting

at the surface of contact between two bodies that resist motion

of one body relative to another.

= Based on the nature of two surfaces in contact, friction
in categorised in the following two kinds/types.

(a) Static friction : When two contact surfaces are at
rest, then the force experienced by one surfuce is
termed or static friction.

(b) Dynamic friction : When one-of the two contact
bodies starts moving and the other in at rest, the
force experienced by the body in motion is called

dynamic friction.
R
A Rigid body
F (Frictional force) >
- \
w=mg Horizontal surface
From the fig : R = w=mg

P=F
If, P is less than F, the body will not move.
But, if P is increased after a stages achieved by limiting
force of friction, the body will start moving.
Co-efficient of frictio{(tz: It is defined as the ratio of
limiting force iction (F) to the normal reaction (R)
between two Tigid bodies. A

F
= —=F=puR
u R u

Angle of friction (¢): It i;‘cl_eﬁw"& as the angle subtended
by the resultant of normal reaction with the limiting force
of friction with the normal reaction.

S, AR
¢I

F

y w=mg

F -1
From fig : tan ¢ = R p=¢=tan (FIR)

Angle of repose (o) : When a body rests on an inclined
plane, the angle by which the body is at the verge (just)
to start moving in terms as angle of repose.

Rigid Inclined plane
body with horizontal
o W=mg

Cone of friction : It is defined as the right circular'cone
with vertex at point of contact of two surfaces ‘and axis
in the direction of normal reactions.

AXIS

Point of
contact

FREE BODY DIAGRAMS

A free body diagram (FBD) is a simplified representation of particle
or rigid body that is isolated from it’s surroundings, and all applied
forces and reactions on the body are put together in a diagram.
These diagrams are the simplest abstraction of the external forces
and moments acting on a physical object.

Creating a fiee body diagram involves mentally separating the
system (the portion of the world you are interested in) from its
surroundings (the rest of the world) and then drawing a simplified
representation of the system.

Att-forces-acting-on-aparticle, original body must be considered
and equally-important.. Any.force not directly applied on the body
must be excluded.

Let us consider a system of a beam loaded and supported as
shown in Fig.

[oe]

J77777777777777777.

The free body diagram (FBD) of the above system can be drawn
asin Fig.
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7 M
Ry
R
w
P _>T Ran
RaW

Beam is subjected to following set of forces after the beam is

detached from the supports.

(a) Weight of the beam W acting vertically downwards through
mass centre of the beam.

(b) Reaction Ry normal to the beam at its smooth contact with
the corner.

(¢) Horizontal applied force P and couple M

(d) Vertical and horizontal reactions (R,, and R,},) extented at
the pin connection at B.

Some common examples of Fru Bedy Diagram (FBD) : System

Py P,
\
L
A B
(Cantilever beam)-
FBD F, E,
F (Horizontal) '\
\ 2 %
_“4 ‘ " e
4 -~
—> M
R, W om e SIS R ——
LS oY - L
SRS 8 B L SRS SRS L S
2

B (Two sphere in
equilibrium)

(Frictionless
Surface)

System
P

(Hanging sphere)

(Sphere in the groove)

Ry
T
Rp ( )
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(A bar placed in a
hemispherical cup)

/@ Q'\
Rp lw RQ
=  Principle of equilibrium/ Equilibrium conditions :
According to the principle of equilibrium, A body, either
in co-pl-anar or concurrent or parallel system, will be in
equilibrium if the algebric sum of all the external forces is
zero and also algebric sum of moments of all the-external
forces about any point in their plane is zero. So,
XF=0, XM =0
=  Equilibrium equations for non-concurrent forces :
ZF =0, XF =0, M =0
=  Equilibrium equations for concurrent forces
XF =0, ZFy =0 (only two conditions are required)
Methods of analysis :
(1) Method joints
(i) Method of sections
(iii) Caraphical method

TRUSSES AND FRAMES N

Truss is a structure composed of slender membersqjoined together
at their end points. Planar truss lie in a single plane. Typically the
joint connections are formed by pin type joiningthe end members
together to a common plate called a gusset plate.
Generally there are three types of trusses.
1. Simpletruss

\

~

2. Compound truss

[ N

3. Complex truss

DN AN A

In truss analysis; wdqpt following assumptions.

1. Truss members are connected by smooth pins.

2. Allloadifigis applied at the joints of the truss.

Ifm is the umber of membeisin a truss, j isthe number of joints
and 7 is for pins ¢ can tell that whether the given
determinate.

atically determinate

en statically indeterminate

, J—r1 then internally unstable

ere arepins and rollers then, r =3

Frame: A'frame is a structure is which at least one of its individual
member is a multiforce member. The members of frames are
connected rigidly at joints by means of welding and bolting. The
joints can transfer moments in addition to the axial loads.
Frames can be two types as shown in Figures.

’ 4

Rigid non-collapsible Non-rigid collapsible

Displacement,, Speed, Velocity and Acceleration

Displacement: Change of position of a body with respect to a
certain fixed reference point is termed as displacement.
Displacement is a vector quantity.

Speed: Rate of change of displacement with respect to its
surrounding is called as speed of the body. Since the speed of a
body is irrespective of its direction, therefore it is a scalar quantity.

Velocity: The rate of change of position of a body with respect to
time is called velocity. Velocity is a vector quantity. In other way
we can say velocity is the speed of a body in a particular direction.

Acceleration: The rate of change of velocity of a body with
respect to time is called acceleration. A negative acceleration is
called retardation.
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EQUATIONS OF LINEAR MOTION

When a body moves in a straight line with uniform acceleration
(constant acceleration), the equations of motions can be written
as

where

u = Initial velocity

v = Final velocity

a = Acceleration

t = time

S = Displacement of the body in time t seconds
We can calculate the distance travelled in n™ second is

a
Sp,=u+ 5 2n-1)

When motion of a body is under the gravity the acceleration a in
the above equations of motion for rectilinear motion is replaced
by g and we obtain.

=u-+gt

|
height travelled h =ut + 5 gt?

vi=u? =2 gh
and the distance travelled in the n™ second is

S,=u+ = (2n 1)

When a body falls freely from a hﬂl‘:ts i]ﬁclty § with which
it will hit the ground is given by
V-0= 2gh

= v =,2¢gh

NEWTON’S LAWS OF MOTION

There are three laws ofmotion known as Newton’s laws otion.

1. Newton’s first law of metion: This law states thatifa body is
in the state of rﬁ rer&ms in the state ofrestand if itis in
motion it remains in the state of motion until the body is
acted upon by some external force.

2. Newton’s second law of motion: It states that.the rate of
change of momentum is direetlyproportional to theimpressed
force, and take place in the same direction, in which the force

acts.
Momentum <umv
d (miv -
(v -
dt
Fom®
dt
where m =mass of the body
v = = velocity of the body

i

=Force acting on the body
= acceleration produced in the body.

o

3. Newton’s third law of motion: This law states that there is
always an equal and opposite reaction to every action.
D-ALEMBERT’S PRINCIPLE

D-Alembert’s principle states that the resultant force acting on
the body together with the reversed effective force or inertia force
are in equilibrium.
According to Newton’s second law of motion

F=ma

= F-mi=0

where

PROJECTILES

A system in which a particle moves under the combined effect of
vertical and horizontal forces, is called a projectile.

Let us consider a projectile with.point.of prejection O velocity of
projection u,and angle of préjection @-with the horizontal, as

shown in Fig. If point P.issthe position of particle, after time t
seconds with.xsand y as co-erdinates then the equation of the
path ofa projectile Uationof trajectory is given by

R v

b 4

gx’
2u? cos” o
Important equations used in projectiles are listed below.
1. . The time of flight t of a projectile on a horizontal plane is

given by

y =Xtan o —

2usino

g
2. Horizontal range (R) of a projectile is given by
A2 sin20
2
Maximum range is at
200=90°
= o=45°

u2

Riax =

g
Above equation for the case when the particle is projected
from point O on an upward inclined plane as shown in Fig.
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1. Thetime of flight S=r0
_ 2usin (o — ) dSs d(e) do
g cosf dt dt dt
2. Where B is the inclination of plane OA with the horizontal. a0
Range V=r m =rm
R—OB - 2u? sin (o — B)cosa u?
B gcosB gcosB gz_d(rm):rd_m:ra
[sin (2o —P)—sin ] dt dt de
For maximum range R a=ra
20—B =90° = a=45°+p/2 ) .
B 5 These are two components of acceleration tangential and normal
- .
R R =450+ =241 acceleration
max ata=45 ) —
In case the projectile is projected on a downward inclined 5 5
plane 4 — V_:(T(D) —r 2
1. Thetime of flight " r r
2u sin (o + B) The total acceleration ay is the vector.sum of the two
= components. - <
g cosf
2. Range agy = a2 +ad
2%
N 2u” sin (o + ) cos a o)
g cos? B | e
ion and radius is
ANGULAR DISPLACEMENT

The displacement of a body in rotation is called an
displacement. Angular displacement is a vector qua ti
displacement 0 can be measured in radians, degge
1 revolution = 27 radians = 360 degrees
ANGULAR VELOCITY <
The rate of change of angular displacementefa body with respect
to time is called angular velocity.
de

7 at

ifa body is rotating at N r.p.m. then corresponding angular yelocity.

2nN
If the body is rotatiorzdra along a circular path of radius r,

then its linear veloeity (v) is given by PN
vV =0T
ANGULAR ACCELERATION

The rate of change of angulas VG-LOG-lty is, called-angular
acceleration. It is expressed in rad/s ,,

do

dt

RELATIONSHIP BETWEEN CIRCULAR AND LINEAR

MOTION
When a body mevesiin a circular path from point A to B as shown

in Fig.
B
A\
/)

o=

Ifa bodymoyes in a circular path with uniform acceleration, the
equation of motion are

0= oot + ! t2
= Mg 2(X

where @ is the initial angular velocity, ® is the final angular
velocity, o is the angular acceleration ofthe body and 6 represents
theangle moved in time t.

SIMPLEHARMONIC MOTION

A body is said to move or vibrate with simple harmonic motion
(S.H.M.), if the acceleration of the body is always directed towards
the centre called point of refrence or mean position, and is
proportionalito the distance from that point.

Amplitude: The maximum displacement of a body from its mean
position.

Periodic time: The time taken for one complete revolution of the
particle is called periodic time.

e 27
Periodic time tp = o seconds

Frequency: The number of cycles per second is called frequency

1
Frequency, n = — =— Hz. (Hertz)

tp 2w
Linear Velocity and Acceleration of a Particle Moving
with Simple Harmonic Motion

Let us consider a particle, moving round the circumference of a
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circle of radius r, with a uniform angular velocity « rad/s, as shown
in Fig.

Let P be any position of the particle after t seconds and 6 be the
angle turned by the particle in t seconds.
0= ot
In the AOPN
X =rcosO=rcos ot
VN = vcos (90°—0) =vsin 6= cr sin 0

VN = (D(PN): (,),[1‘2 — X2

The velocity is maximum whenx = 0, which happens at 0 (mean
position)
aN = o’r cos B = @’x
dmax — O'T
Simple Pendulum
A simplest form of a simple pendulum consists of a heavy bo
suspended at the end of a light in extensible and flexible s

shown in Fig. When the bob is at A, the bob is at

I
I
/, : \\ L
/ 1 \
/ \
’ | \ \/
/ I \
/ ] \
/ | \
B~ ' L-om

R R C

A
For a simple pendulum Z \
" q
Periodic t1 ‘

and
frequency of the oscillation

1 A AF:
= = =—=g8/L
n = et 70
Closely Coiled Helical SSpring

Fig. shows an arrangement of a closely coiled helical spring
carrying a load W = mg,with stiffness of the spring K.

=E

Periodic Time tp = 27

if 8 is the deflection of the spring is given by

_ g m_
K Ko
= tp= 2m./0/g
S 11
Frequency of the oscillationn= —= g/d Hz
tp o

Ifthe mass of the spring m is also taken into consideration then

1 K

"o m+m; /3

Compound Pendulum

A rigid body is suspended vertically oscillating with a small
amplitude under the action of gravity force, the system.is known
as compound pendulum, as shown in Fig.

he periodic time of a compound pendulum is given by

KZ +h?
tp = o =6 T
gh
and the frequency of oscillation
11 gh
M7t 2m\K +h?
where Kg = Radius of gyration about an axis
through the centre of gravity G and
perpendicular to the plane of motion.
and h = Distance of centre of gravity G from

the point of suspension O.
Torsional Pendulum
A body suspended by three!long flexible wires A, B and C as

= shownin'Fig-'whenthe'body is twisted about its axis through an

angle 6 and released, the body will oscillate with simple harmonic
motion.

T—»—“,‘/d)

IA“I‘ B C

AT D
N

fo
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The periodic time is given by W = Fx
mK 1 W = Fxcos 0
tp = — if body is displaced in the direction of force then
rove 6=0

and frequency of oscillation

1 Jeg/l

n= tP_ZTEK

where

r = Distance of each wire from the axis of body

K = radius of gyration

1 = length of each wire
Centripetal and Centrifugal Force
Essential force for a circular motion acting radially inwards is
called centripetal force which is given by

Fc=m wor
where m is the mass of the body
w = angular velocity

r = radius of the circular path
As per Newton’s third law of motion, the bodymust exert a force
radially outwards of equal.
Collision of Two Bodies.(Impact)
Let us consider the impact between two bodies moving with
different velocities along the same straight line. The material of
the two bodies may/be perfectly elastic or inelastic.
Elastic bodies: Bodies which rebound after impact are called elastic
bodies.
Inelastic Bodies: Bodies which does not rebound at
impact are called inelastic bodies, for example thei

two lead spheres or two clay spheres is app ]
impact.

The losts of Kinetic energy(Ey.) it of inelastic bodies
is given by

ELoss =

where

my = mass of the first body

m, = mass of the-second body
u; and uy are the ve itimthe first and second bodies
respectively.

In case both bodies are elastic bodies the En?rgy Loss during the
impact is given by

12 O G APPYTOLCFY

E _ 1 211
Loss = 2 (m, + metiia

where e = Coefficientof Restitution.
Coefficient of Restitution is\the ratio of relative velocities of the
bodies after impact and:before the impact.
c & e Vi
U~

value of'e lies between 0 and 1

0<e<l

e = 0 for perfectly inelastic bodies

e = 1 for perfectly elastic bodies
WORK, POWER AND ENERGY
Work : Scalar product of the force acting on a body and the
displacement of the body due to this force is called the work done
on this body by the force.

So
F = Fxcos0=Fx
if the value of the force varies from O to F
0+F F
= X =—X

2 2
In case the body is acted by a couple or Torque (1), causing the
angular displacement (0) about an axis perpendicular to the plane
of the couple then
W =1x0
S.I unit of work is N-m, which is the work done by a force of 1
newton when it displaces a body through 1 metee.
INm = 1Joule (J)
Power: The rate of workdone per unit.time is called power

-
AW 4w
NT &

if force F.iS constant withsti

att which is equal to 1 N-m/s'or.l J/s.

1 = 1000 W.
ody is acted upon by a Torque (1), rotating the body with
an angulamvelocity w rad/s then

2n N
60

where N is the number of revolution per minute.
Energy: The capacity of a physical system to perform work is
called energy. The mechanical energy is equal to the workdone
on a body altering either position or velocity of the body. There
are three types of mechanical energies listed below.
1. = Potential Energy
2. Strain Energy
3. Kinetic Energy
1. Potential Energy: Energy of an object or system due to the
position of the body.
Potential Energy P.E.=mgh
where m = mass of the body
h = height of fall of the body
g = acceleration due to gravity
2. Strain Energy: The potential energy stored in an elastic body
when deformed.
Ifa compressed spring is deformed through a distance x by a
load F then

Power = tw= T X watts

Workdone = I F-dx
0

F = kx
where K is the stiffness of the spring
Now
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Workdone = I Kxdx
0

(k1
Workdone = || —— || ==Kx’
2 2
0
. 1. 2
Strain energy = workdone = ) Kx
3. Kinetic Energy: The energy possessed by a body due to its
motion.

1
Kinetic Energy K.E = 7 mv’

where m = mass of the body

v = velocity of the body.
In case the body is rotating about an axis with angular
velocity w, then it possesses some Kinetic energy.

1
Kinetic Energy of rotation = 3 w?

where I is mass moment of inertia (I) of the body about a
given axis.

If the body has linear and angular both motion then the
total Kinetic energy of the body is given by

Total Kinetic Energy = K.E.Linear + K-Eangular

I 5 1. 3
Total K.E. = —mv™ + —Iw
ota 5 5

(T 1 1 -

EXERCISE

1. Two books of mass 1 kg each are kept on a table, one over

the other. The coefficient of friction on every pair of

contacting surfaces is 0.3, the lower book is pulled with a
horizontal force F. The minimum value of F for which slip
occurs between the two books is
(a) zero (b) 1.06N
(c) 574N (d 883N
2. Asimplependulum of length 5 my¥
is in simple harmonic motion. ASitp
position, the'bob has a speg
bob at the mean position is
(a) zero (b) 205N
(¢) 5N (d) 25N
3.  Thetime variation of the position.of a particle in rectilinear
motionisgiven by x =24 + /2 +2¢. If v is the velocity and
a the acceleration of the pa,gsiclein consjstent l*'ts, the
" e

motion started with
@ v=0,a=0 ﬁ (b) v=0,a=2
© v:2,a=( ! (d v=2,a=2
4. Ifpoint A is in equilibrium under the action of the applied
forces, the values of tensions T g and T, - are respectively

600 N

(a) 520Nand300N (b) 300Nand520N
(¢) 450Nand 150N (d) 150Nand450N

5. Ifasystem is in equilibrium and the position of the system
depends upon many independent variables, the principle
of virtual work states that the partial derivatives of its total
potential energy with respect to each of the independent
variable must be

i III1

(a) =10 (b)r Zero
(d) infinite
ased from point P.on a rough
ation angle 0, shown in the figure
1t of friction is p. If < tan 6, then the
y*the block to reach another point Q on, the
ined plane, where PQ =s, is

lg
WANC)

P 5| 2s

& ol B el o
2s 2s

© gsinO(tan 0 —p) (d) gsinO(tan 0+ )

During inelastic collision of two particles, which one of the
following is conserved?

(a) Total linear momentum only

(b) Total kinetic energy only

(c) Both linear momentum and kinetic energy

(d) Neither linear momentum nor kinetic energy
Consider a truss PQR loaded at P with a force F as shown in

the figure. The tension in the member QR is
F

P

45° 30°
TA AN
Q R

@ O05F (b) 0.63F (©) 0.73F (d) 087F
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10.

11.

12.

13.

14.

15.

16.

A straight rod of length L(t), hinged at one end and freely
extensible at the other end, rotates through an angle 6(t)

about the hinge. Attimet, L(t) = 1m, L’(t)= Im/s, 0(t)= % rad

and 6’(t)=1rad/s. The magnitude of the velocity at the other

end of the rod is

(@) 1m/s (b) J2m/s

(0 J3ms (d) 2m/s

There are two points P and Q on a planar rigid body. The

relative velocity between the two points

(a) should always be along PQ

(b) can be oriented along any direction

(¢) should always be perpendicular to PQ

(d) should be along QP when the body undergoes pure
translation

A 1 kg block is resting on a surface with coefficient of

friction p=0.1. A force of 0.8 N is applied to the block as

shown in figure. The frictional force is

0.8 N—»| lkg

VI1I77777777777777777777

(@) zero (b) 0.8N

(¢) 0.89N (d 12N

The coefficient of restitution of a perfectly plastic impact is
(a) zero by 1

(c) 2 (d) infinite _
A circular solid disc of uniform thickness:2
200 mm and mass 20 kg, is used agia fl;
600 rpm, the kinetic energy ofithefl
(@) 395 bY 790
(c) 1580 (d) 3160
A solid disc of radius 7 rolls without slippingon a horizontal
floor with angular velocity ® and angular-acceleration.c.
The magnitude of the acceleration of the point of contact
on the disc is

(@) zero S(h)Nko x

©  Jra) +(rat) ﬁ (d) re® ' e
A pin jointed uéc:m gid rod of weight W and length L
is supported horizontally by an external.force F as shown
in the figure below. The force F s suddenly removed.
At the instant of force removaly the magnitude of vertical
reaction developed at the §upp6q, 1is

AL
/1771777 F
i
W
(a) zero (b) T
W
© = (d W

2
A block R of mass 100 kg is placed on a block S of mass 150
kg as shown in the figure. Block R is tied to the wall by
massless and inextensible string PQ. If the coefficient of
static friction for all surface is 0.4, the minimum force F (in

17.

19.

20.

kN) needed to move the block S is

7

7

/

LI

R

/

7

7

7 S —>F

7

77777777777 7777777
(@ 069 (b) 0.8
(© 098 d) 137

For the truss shown in the figure, the forces F, and F, are 9
kN and 3 kN, respectively. The force (in kN) in the member

QSis

=)

F
l 3 L 5

rd NJ

.5 compression

Amass of 1 kgis attached to the middle of a rope, which is
being/pulled from both ends in the opposite directions.
Taking g = 10 m/sec?, the minimum pull required to
completely straighten the rope will be

(@ 5N (b) 20N

(¢) 25N (d)

A car moving with speed u can be stopped in minimum
distance x when brakes are applied. If the speed becomes
n times, the minimum distance over which the car can be
stopped would take the value

X
(a) b () nx

© — @

The accelerationiof particles varies with time as shown in
figure. Expression for velocity in terms of t will be

4 2 (m/s) ‘

»

/ ! 1(53

-2
@ v=t*_¢ ®) v=t>-2
© Vv=t>+3¢ d vi=¢>+2¢
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21.  Iftwo bodies one light and other heavy have equal kinetic
energies, which one has a greater momentum?
(a) Heavy body
(b) Light body
(c) Both have equal momentum
(d) It depends on the actual velocities.
In the system shown in figure all the surface are smooth,
string is mass less and inextensible. If force constant of

spring is k = 50 N/m the extension of the spring will be
1 kg

22.

A

29.

(@) Scm (b) 10cm
(¢) 15cm (d) 20em

23. The potential energy function‘of a particle in a region of 30
space is given as U= (2x2 +3y° +2z)j
Here x, y and zare in meters, find the force acting on the
particle at point P(1m, 2m, 3m)
(@) (4i+36)+2k)N (b) —(4i+36j+2k|N 61
© (2i#18)+1k)N (d) mfRiei8i4k

24.  The combined motion of rotation afid transﬂ) e

assumed to be a motion ofipiire tatiglﬁ)out some centre

which goes on changing from time to timeyThecentre in

question is known as

(a) Shear centre

(b) Meta centre

(c) Instantaneous centre

(d) Grayvitational centre
25." The valueof tension T

\ . . v .
5 1n the string are respectively
" q

1 v
=
] 4%g wt.
(a) 4526N,22.63N (b) 22.63N,45.26N
(¢) 16.82N,32.64N (d) 32.64N,16.82N
A body moves along a straight line and the variation of its
kinetic energy with time is linear as depicted in the figure
below

T,

26.

A

KE

v

Time

27.

28.

o ball weighin

The force acting on the body is
directly proportional to velocity
inversely proportional to velocity
(c) zero
(d) constant
A person standing on a moving elevator feels 20% heavier
than when at rest. The elevator is accelerating upward at
(@) 2 m/sec? (b) 12 m/sec?
(c) 4 m/sec? (d) 6 m/sec?
In a perfect elastic collision, the value of the coefficient of
restitution is
(@ 10 (b) 0.667
(¢ 05 (d 033
An object of mass 5 kg falls from rest through‘a vertical
distance of 20 m and reaches a velocity of 10 m/s. How
much work is done by the push of the air on the object

(@)
(b)

(g=10 m/s?)
(@-.630J (b) —630d
(©) —750 ) e (d) %7509

A ball is.dropped from a heiglt 0£2.25 m on a smooth floor
and it rises to a height of“l.m'after the first bounce. The

coefficient ofresti tier:ween the ball and the floor is

(a) 0557 é; (b) 044
) 033 C = @ 067

OFKe. hits a hard surface vertically with a

specd o?fnan rebounds with the same speed. Theball
remains in contact with the surface for 0.01 second. The

” average force exerted by the surface on the ball is

32.

33.

34.

(@) 01N (b) IN

(c), 8N (d 10N

Ifthe distance between CG of two masses m; & m, is /, then
distance of CG of the composite system from mass m; will
be

_omy,
©) (m, +m,)

m,

@ (my+m,) 1

/

(ml—m2 (m1+m2

)
Oy o, @ )

Which of the following graphs represents the motion of
an objeetsmoving with a linearly increasing acceleration
againsttime?

)i

A A

2 8

£ 9

©

(@ 3 ) 3

Time Time

A A

3 2

[ S

© £ 3
(=) >

Time Time
For perfectly elastic bodies, the value of coefficient of
restitution is
@ 1
(¢) 0t00.5

0.5t01
Zero

(b)
(d)
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35.  Consider a one-dimensional elastic collision between an ~ 43.  Two objects having masses of 5 kg and 10 kg have initial
incoming body A of mass m; and a body B of mass m, velocities of 2 m/sec in the +x direction and 1 m/sec in the
initially at rest. For body B to move with greatest kinetic +y direction respectively. After collision they stick together
energy after collision and move at an angle of 45° to the x-axis. Their combined
@) my>m, (b) my<m, final velocity is
© m;=m, (d) None of these
36. Abody of2 kg mass makes an elastic' collision with apother () 2 J2 m/sec ) 2 J3 m/sec
body at rest and afterwards continues to move in the 3 3
original direction but with one-fourth of'its original speed.
The mass of the struck body is (©) 2/3 m/sec (d) 372 m/sec
(@ 12kg (b) 1.0kg 44.  Aball impinges directly upon another ball at rest, and itself
(c) 0.6kg (d) 0.2kg comes to rest due to impact. If half of the initial kinetic
37. A particle is moving along a straigtht line through a fluid energy is destroyed in collision, the coefficient of
medium such that its speed is measured as v = (2t) m/s restitution will be
where t is in seconds. If it is released from rest at t = 0. @) 1 (b) 05
determine its position and acceleration when t = 3s :
(@ s=9m,a=2m/s> (b) s=2m,a=9m/s> (¢) 025 (d) ﬁ
© s=18m,a=2m/s’ @ s = 2mya=18m/s> 45. A massmhanging at the end'ofa string moves a mass m,

38.

39.

40.

41.

42.

A ball is moving with velocity:2 m/s towards a heavy wall
moving towards the ball with speed 1 m/s. Assuming
collision to be elastic, velocity of ball immediately after the
collision will be
(a) Im/s (b) 2m/s
(¢) 3m/s (d) 4m/s
A car is moving along a straight horizontal road with.spéed
v, if the eoefficient of friction between the tyrés and
isp, the shortest distance in whichsthe'ear can

2

(a) P i‘(ﬁ'@:“
2 X

Yo (v, )2

© (ng (d) L@

AB is the vertical diameter. 0f acircle in a vertical plane.
Another diameter CD makes an angle of 60° with Then

the ratio of time taken by a particle toslide along A]i o the
time taken byt to sli‘e

along CDis
@ 1:43

(b) /21
© 1:\/5 (@) «/5\/5

A ball impinges directly uponanother similar ball at rest
and itself comes to rest due.to impact. During collision,
half of the kinetic energy gets dissipated. The coefficient
of restitution will be

(@) 025 (b) 05

(c) 0.707 (d) 084

A ball, falling vertically strikes a 30° frictionless inclined
plane and rebounds horizontally. The coefficient of
restitution will be

1
(b)g

N —

(@)

W | —

(d)

|-

©

48.

49.

50.

along the surface of a'smooth. table. If mass m, on the
table is doubled, tension in the string is increased by one-

half.Xatioﬂ' ‘c
N )

"
BE W (© 1

A body of weight 120 N rests on a rough horizontal surface
(u=0.3)and is acted upon by a force applied at an angle of
30.degree to the horizontal. The force required to just cause
the body to slide over the surface is about
(a) 225N (b) 27N
(c) 3543N (d) 40N
Abullet of mass of 103 kg strikes on obstacle and moves at
60° to its original direction. Ifits speed changes from 20 m/s
to 10 m/s, find the magnitude of impulse acting on the bullet

@ 1x102N-s () /2 x102N=s

©) \/3%1072N-s (@) 4/5 x102N=s

A solid sphere of mass M, rolling down an inclined plane
has a velocity v along the plane, its total kinetic energy will
be

(d) 2

7 5
@ oMV (b) MV’
© M @ MV

An engine delivers constant power while driving a vehicle
along a straight level and frictionless road. The distance
travelled by the car in time ¢ would be a function of

@ ' (b) ¢

(©) A2 (d) 2

Ratio of moment of inertia of a circular body about its
x-axis to that about y-axis is
(@) 05

() 15

®) 10
d 20
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ANSWER KEY

1 (d) 11 (b) 21 ®) 31 (d) 41 (c)
2 (a) 12 (a) 22 (b) 32 (b) 42 (d)
3 (d) 13 (b) 23 (b) 33 (b) 43 (a)
4 (a) 14 (d) 24 (c) 34 (a) 44 (b)
5 (b) 15 (b) 25 (a) 35 (a) 45 (d)
6 (a) 16 (d) 26 (b) 36 (a) 46 (c)
7 (a) 17 (a) 27 (a) 37 (a) 47 (c)
8 (b) 18 (d) 28 (a) 38 (d) 48 (a)
9 (d) 19 (d) 29 () 39 (a) 49 ()
10 (b) 20 (b) 30 (d) 40 (c) 50 (b)

HEEm)

HINTS & EXPLANATIONS

III1

L @

4. ()

Ny

UN -—

Ny —-——

L B, 11 kg

mg

A
!
| ———=puh,
l

8, [1kg mg

Py,

FBD of Book 1

By FBD of Book 1,

ZFY =0= N1 =mg

So,frictional force = uN§=ftmg ¢
ByFBD of Beok2, =~
>Fy=0=N,=N; +mg=2mg

ZFX =0

= F> HN] + HNz

(For slip between two books to.occur)
F>pumg+p.2mg>3u.mg

2. Fnin=3%0.3X1X9:81=883N
Here, in the mean position tension T-in the string 5,
balances the'weight of the bob mg.

FBD of Book 2

(b)

E Y
f (5] | "?9@
Y ]
mg c6s'0 b o +

mg=981N

.. Netforce at the mean position is zero.
The displacement x = 2t3 + {2+ 2t

(given)

Velocity v :((11—):: 612 +2t+2

Acceleration a = (:1—: =12t+2

When the motion started, t =0, so
v=2,a=2 (from above equations)

By Lami’s'theorem, we have

600 N
Tap Tac 600
sin120°  sin150°  sin90°

TAB = @Sinlzoo =519.61N

Txc=600sin 150=300N

The given statement is the principle of virtual work
according to which the partial derivative of total
potential energy with respect to each independent
variable is zero.

g

Here, all the resolved forces acting on the block, along
and perpendicular to inclined plane are shown.
ZFN =0

= N=Mgcos 0

XF=0

= Mgsin 06— uN=Ma

Mg sin 6 — pu Mg cos 6 =Ma
a=g(sin 6 —p cos 0)

a=gcos 0 (tan 0—p)

or a=gsin 0 (1 —pcot0)

Now, since acceleration is constant so,
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1 9. () Since, the given rod is both extending as well as
s=ut+ 5 at? rotating simultaneously.
1 ) :T—
= s= 0+Eg cose(tane—u)t
: 2s Lity=1m
= t= | ———
gcos@(tan@ - u)
7. (@ As during collision it is the linear momentum that
remains conserved. In an inelastic collision l
(where e < 1), their is always a loss of kinetic energy Lo=1mis=v v, =1mls
given by T
Time taken by rod t to turn — rad
Mmoo R ()
Z(ml + mz) T d
o) 47 =
where m;, m, are masses of two colliding bodies =N =
R . - G(t),‘&rad/s 4
V1, Vo are their initial energiesbefore collision. A ~a ) o
e = coefficient of restitution which is less than one for yncrease inength ofthe“r od during this time
. . . ie, AL(t)=L(t) ¥t L
inelastic collision.
%m =0.7854.m
8.

e

T -
ngth after ZS N

=(1+9m=1.7854m

Tangential velocity vi=R . ®
=1.7854 x 1 rad/s=1.7854 m/s
Radial velocity v, = L(t) = 1 m/s

Let the perpendicular from P méets QR at S, so that . Resultant velocity v =+ V? + Vt2

PS=QS=a(let) at 45°. =17 +1.7854°

Now, tan30° = P—S A ¥ 2 =2.0463 m/s=2m/s
SﬂR 10. ® Y

" Y iy

b :

SR = =+3a=1.732a
tan 30°

ZMQ=0 g

= Fa-Ry x2.732a204 ¥

F
= ——=0.366F
= Rr= 573
5. Rg=F-0.366F=0.634F >4
By method of joints, considering the equilibrium of Here, by applying the triangle law of vector sum

joint Q, we have . Arg = Ary + Argpp .
SE. =0 Total displacement of P1Q; = Translation of P;Q; +
y

459 = R = 0.634 Displacement due to rotation of end Q; about P4
Forsin45°=Rq=0.634F Dividing by At and in the limit when At — 0

= For=0.8966F Vg = Vp + Vap

and, XF,=0 Now, vgp =T.0

Fqr cos 45° =Fqgr where, ® = angular velocity of body which could have
any value

Here, vy, is the relative velocity of Q w.r.t. P, which

1
- For=0.8966 F x —= =0.634F (Tensile
R 2 ( ) can be oriented along any direction.
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R
11. MR, I
I
77777777777, I
TN l —>F
I
I
MR, < :
37
lmg (100 + 150) = 250 kg
17. (a) Hint: Use method of reactions.
Friction force Fg=pgx N=0.1x9.81=0.981 N 18. (d) ByLami’stheorem, IfP, Q, R are three vectors acting at
However, applied force (F = 0.8 N) is less than the a point, and their resultant is zero (i.e. system is in
static friction (F), F <F,, so that the friction developed equilibrium),, then o
will equal to the applied force F=0.8 N.
12. (@) Zero, Asall thekinetic energy will be absorbed during
perfectly plastic impact. Moreover, both bodies clinge
together after impact.
13. (b) t=20mm
r=200mm
m=20kg
N=600rpm
21N
Y . 20m =20 x3.14=62.8rpm
Moment of inertia for circular solid disc > ﬁ%
~ mr? 20><(0..2)2704k ) ) 1 g
BL 5 e . P=0Q=R 1800—(1><10)><6:oo
Kinetic energy of the flyw. L
| 7 From 2 —y? = 2as
KE:EIG‘)Z#%’@DW)MOA: 89.56.J %790 ] or 0—u? =2ax
2
u
14. (d) AtpointP, acceleration = w/ftz + fc2 . Retardation, = 2y
| or 0- [ J
BN AN :
\:: / " e or s—(nu) ><u—2:nx
T o 20. () Fromgraph
| a=2t-2
P v ] dV 2t 2
f, (centripetal acceleration) = w2r v=t>=-2t
dv 21. (b) Let light body be L and heavy body H
f; (tangentialacceleration) = m 1 , ,
my, myvy
At point Pyif no slipping then, f; =0 2
Soap= ol ﬂ_(V_H\2<1
15. ® % I \ o v,
F
R W Momentum of light body _ m, v, v,
R+F=W Momentum of heavy body m,, v, v,
FOI' F = 0 = R = W ( \\2
16. (d Hint: Given FBD, Vi J Y
For block ‘S’ Vi Vi

Light body have greater momentum.
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22. (b) Inthis system net pulling force ism-g+mpg=50N 27. (a) From experience, the elevator must be acceleating if
and total mass to be pulledis 1 +2+3 =6 kg one feel a weight change, and the direction must be
50 upward.
a= ?m/ s From Newton’s second law, one’s effective weight is
Kx m (g + a). If the change in the weight is 20%, then
T acceleration must be 20% of g, or about 2 m/sec?.
29. (c¢) From work energy theorem
c l W, +W, =AKE.
a
l W, :%(5)(10)2—5x10x20
3g=30N
Free body diagram of 3 kg gives W, ==750Joule
50 30. d Given:H=2.25m,h=1m
30-kx= 3X? =25N Let e be the coefficient of restitution. Then
— a2
30-25 et
X = =0.1m =10cm I |
or e=,.—=—=0.67
. oUY: (U (dU)~ VAR 13
23. ) F=- P oy I+ kN 31. ) Fx0.01r=0.01715—(-5)
or F=10N e
- A 2 i
F=—[4><1+9y2+2kJN 32. my( =(m, +m,)x .
Fiuaa) = |4 +36j+ 2k |N
24. (c¢) The instantaneous centre of a link is the point about
X}I;:itall the points on the link appear to rotate at B which varies linearly with tiflie can
25. (@ T,andT, aretension in the string to w
of 4 kgwt is attached. oy i
6 =60°
= T sin@=mx Hence no curve shows with acceleration versus time,
A ¥ N 2
T, sin60° =4x9.8 v:v0+a0t+7
T 60°=T
= 1608 ? Curves (a), (d) are drawn with velocity against time.
T = 4x9.8 None of them satisfies the above relations.
L sin 600 == 4526 N
T, =45.26¢0s 60%=22.63 N However, s = 5o + V! N Y
26. (b) " e

A ( /
o

KE

v

Time

o 1 (de)
Kinetic energy= | —- =kt

where kuis constant
Differentiating, we get

dx( d*x
m—| — |=k
dt\ dri*

Force =mass x acceleration

2
=mﬂ=k/[@j _k
e/ v

34.

3s.

(b) satisfies this relation

(@ Valueof coefficient of restitution is unity, ifthe collision
is elastic, i.e. ifno energy is dissipated during collision.
Minimum value of coefficient of restitution would be
zero for, plastic collision, i.e. if energy gets entirely
dissipated.

(@) After elastic collision, the velocity of stationary body,

V), =— VW
m, +m2

2
o 1 2
Kinetic Energy = —m, i v
2 m, +m,

2m’m,
= —2 vl
(m, +m,)
Hence kinetic energy will have the greatest possible
value when m, >m,.
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m, —m 2m
36. (a) Viy = : : V1i+[ : ]sz

m,nt, m,n,
where, m, =2.0kg, V,, =0
Vip 1 20-m,

V, 4 20+m,
or m,=1.2kg.
37. (@ v=u-tat
6=0+a+3
a=2m/s?

1 2
s=ut+ —at
2

1
=0+ —2x9
s=0 >

s=9m
38. (d Thespeed of wall will not change after collision

2mls  1m/s um/s  1m/s

— «— «—

L

Since collision is elastic
Separation speed = approagh sp
v—1=2+1

v=4m/s =
39. (a) Kineticenergy isequal to frictional work done.

ie. F=pR=pumg

1
or Emv(f:pmgxs

or §= )
K '
40. (¢) Formot lon;he vertical diameter AB

s = d (diameter.of circle) and @ =g

C

§§

1
d=—gt’
> g
-2 ()
.
g

For motion along the inclined diameter CD,
s=d

and a=gcos60°=g/2

d=lX§XT2
2 2

4d
T = . ...(ii)

From equations (i) and (ii), we get
t 1
T 2
41. (¢) v/=0andv,=0

42.

L
_vieos60° o7 1w
Vcos30° \/_ \/gv

2

Since parallel component is unchange, therefore
vcos 60° = v'cos30°

P P N—
or - \/5/2 \/g
1 1 1

O="—— X == — —
V333
43. (a) Total x and ycomponents of linear momentum must be
conserved.after-the collision.
Mass of the body resulting after the collision,
m=m, +m,
and the velocity V is inclined at an angle of 45° to the
x-axis. Total momentum vector is unchanged and we
can write down the x and y components of momentum.
initial momentum Final momentum
myu, x-component (m, +m, )V cos @
myu, y-component (7, +m, ) Vsin 6

mu, =(m, +m,)Vcos

Sy i ]
' m, +m, cos6

5><2 \/*
2 m/sec
5+10 cos45°
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44. (b) Letm, be the mass of first ball and m, be the mass of
second ball. Let V, be velocity of first ball and V’, be
velocity of second ball.

47. (0 20 m/s

1 1
Initial kinetic energy = Elef +0= Sm A
. . . 1 ’2 1 ’2
Final kinetic energy = 0+5m2V2 = Eszz J 10 cos 60

According to condition given

Final K.E. =% Initial K.E.
J, 10 sin 60

Mass of bullet m = 103kg

v, , Consider component

= €= v, D) (Asm Vi=my V) Parallel to J,

Jr=102] —10c0s 60— (-20) | = S N-
. — r=10210 (20)] =15%10" N-s

45. @ Similarly e
‘
. F

T, J,=107[10s 0]h= 5/3%10~° N-s

(15)" +(5v3 )2

S
;‘-;'.;‘ﬂ

=4/3%x107?N-s
= mg-T =ma b
1 1

mg=mya=ma : > KE.= 510)2 +Emv2

.
m1g=m—*(ml—+m2) 22 o +Lmy? Izgmr2

k = 2(5 2 5

mm,g
T — 17772 .
bom+m, - K.E.=%mmzr2+%mv2

m (2m2g

When m, is doubled, t‘l'l'i tension will be 1.5 T
1.5T, = A (i 3
1 ¥, (®)

KE.= lmv2 +lmv2 = lmvz
5 2 10

From equa s () and (ii), 49. (c¢) Power=rate of doing work

mm 2m,m aW
15— & _ " E S} ] Zd—tZCOIlStantk
my+m, m; +2ny ¥
or 1.5m, +3m, =2m, +2m, or zeézk or mﬂ\;:k
dt dt
ml
or m=05m", — =2 k
m, s vdv=—dt
46. (c¢) Inthelimiting equilibrium, the force are balanced. mn
F=Pcos6 vk
R =W —Psin@ ?:;t or yocf!
Also F=piR or P90y g ds
. et or §oc 32
odt
P uw 0.3x120 35N 50. (b) Acircular body is symmetrical and its moment of inertia

- cosO+sin® - c0s30+0.3sin30 about x-axis will be equal to that about y-axis.



CHAPTER

Load : It is defined as external force or couple to which a component
is subjected during its functionality.

Stress : It is defined as the intensity of internal resisting force
developed at a point against the deformation cuased due to the
load acting at the member.

-
i

o
o

Stress developed in‘one direction — uniaxial state of stress
Stress developed in two direction — biaxial state of stress
Stress developed in three direction — triaxial state of stress

Units of Stress

SI : Pa, MPa, GPa

MKS : kgflem? 1 MPa=10° N/m
1 GPa = 10°N/m?
NOTE
. When deformation or strain occurs freely in a direction,

stress developed in that direction, is zero.
. When deformation is restricted completely; or partially stress
is developed. Hence strain is the cause of stress.

Type of Stresses

Normal Stress Shear-Stress
(acting perpendicular to ¢ (acting paralle] to
corresponding plane) corresponding plane)

Direct shear stress  Torsional shear stress

Axial Bending

Tensile Compressive

STRESS TENSOR
Gy Z@) Zm
[cl=|Z2,, o, Z,
Z,, Zzy c,

I Pa=1N/m* 1kgf 01MPa z“

STRENGTH OF
MATERIALS

G,, G, G, arenormal stresses
Remaining are shear stress.

Y face

(v

} o % L,
ne Stress pro s§' re those 1n which the stress acting in one
of the mutual¥perpendicular directions is assumed to be zero
6,=02._=0 Z =0

S GU7
le]~
Gy Oy

For a given stress tensor

100 120 10
oc=120 50 0 Units : MPa
i (W

Z.,= 10 (i.e., shear stress acting on x face along Z direction)
Z. =0
zy

o, = 100, 6_506 25
Elongatlon ofa bar Subj ected to axial load P

LLLLLLLLLS

!

P
Elongation of a tapered bar subjected to axial load P

a
e
2 * 4PL

d 7 —P |d, o=

7 nd,d,E
e

A 4 “

12
Elongation of a prismatic bar under its self weight = é—E
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v = self weight per unit volume

1222222
L
____________ 8
v’
Elongation of a conical bar under its self weight = 6

STRAIN

Strain is defined as the ratio of change in dimension to original
dimension.

Strain
Normal Strain Shear Strain
Longitudinal Lateral Volumetric
Strain (g,,,,)  Strain (¢,ga)  Strain (g,)
Compressive Tensi
Strain

Consider a rod of leﬁgtli;l;o éﬁbjected to load P

i W A ()
P« >\ =P
Lo A~ o i P \
BAY P
-y ¥ "B
AL L/-L,
along =& = L_ = L
€lateral =€) =€, = 7 4 d ;

Ey :7:8x+8y+82

Another example-ofrectangular block is considered

~
Y.

Strength of Materials
V =Ibt
8V o8l db ot
gy =—=—+—+—
v I b ¢t
For a sphere,
8D .
gy = D D : diameter of sphere
SHEAR STRESS

Itis defined as the change in initial right angle between two line
elements which are parallel to x and y axes respectively.

p B B’ C C
> p ; IY
! X
L ',"’ '," Z
LY
A |7 md
J777777777777777777777777777 D

Shear strain="Shear angle (¢)

S
b L

.

Z
d Iy—’i

T

N
A

R >
Strain tensor is used to define the state of a strain at a point
€ :mormal strain v : shear strain

Shear strain like complementary shear stress are equal in
magnitude but opposite in direction.

€y ny/Z
lelp =
_ny/Z gy
Y = Yox
Strain Tensor in 3D.
€y ny/Z Y xzl2
[8]3D =| Ymr ay Y yzi2
| Yox2 Yz o &

_. Relationship Between Elastic Constants

SE=26(1+ )
E=3K(1-2pw)
b 9KG

~ 3K+G
E 1
= —X
2 1+p
E 1
K=—x
3 1-2u
Value of any EC >0

Note:p , =0
Young’s Modulus or Modulus of Elasticity

As per Hooke’s law upto proportional limit normal stress is
directly propotional to longitudinal strain
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o x 8lon
c=E= younﬁ s modulus €long
ET =g v=81
A mater1a1 having hlgher E value is chosen
=200GPa
ECI =100GPa
200

Ey= _GP

L (B)ys < (51)C1 <)y

Elastic Limit : Maximum value of stress upto which a material
can be completely elastic.

Proportional Limit
It is the maximum value of stress upto which materials obey
Hooke’s Law.

A B
PL -------------- A

‘E’ is the slope'of 6 v/s ¢ ¢ diagram

Enei 1o St Load
ngineering Stress (o) = —— :
& & () Original x section area
Instantaneous load
True stress =

Instantaneous €
Shear Modulus or Modulus of Rigidi

As per Hooke’s law,
Shear stress oc shear strain

t=Gy

for a given 1, G ¢ —.
b

Bulk Modulus (K)

d\_ B
Normal stri '
| T ;‘ ) %

¥

8V v
(¢
P iy, g

;'( “““““ —- |
1 ] ]
1 | I
! I l
: e A
: | |
! l |
: ! T
|l _---_-_. Pt
(6]

HYDROSTATIC STATE OF STRESS

(NO DISTORTION, ONLY
VOLUME CHANGES)
F ! K
or = —, =
D)
= g,=08,=0

The material neither expands in volume nor contracts in
volume. Thus, it is called as incompressible material and
for that p = 0.5.

Poisson’s Ratio
— used to determine lateral strain theoretically.

— lateral strain

w=

longitudinal strain

PLF---- B D E
ELF---4 A

Eng. stress v/s Eng. strain curve MS under tension test

A= Proportional Limit

B> FElastic-Limit

C — Upper yield point

D — Lower yield point

F — Ultimate point

G — Fracture point

DE — Yielding region

EF — Strain Hardening region
FG — Necking region

— Sudden fall of stress occurs from C to D due to slipping
of carbon atoms in molecular structure of mild steel.

— Increase in carbon content increases strength, cast surface
hardness and modulus of resilience.

Increase in carbon content decreases ductility.
For the most metals, its value is between 0.25 to 0.33.

L
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MOHR CIRCLEFOR PLANE STRESS AND PLANE STRAIN

Principal planes are complementary oblique planes at which normal
stress is either maximum or minimum but shear stress is zero.

Principal plane on which normal stress is maximum is known as
major principal plane while principal plane on which normal
stress is minimum is known as minor principal plane.

Maximum shear stress planes (t,,,,) planes are planes at which
shear stress is maximum but normal stress is not equal to zero.

Expression for Normal and Shear Stress on an Oblique Plane
0\

z, T

V4
7

0\4

BIAXIAL STA;[E OF STRESS
(cn)e = %[GX + ch + % |:GX - Gy:| 0s 20 + T4y sin 20

T :—lc - 0oy |sin 20 + t,,, cos 20
(9 = 4o o, .

G, : major principal stre‘ m g >
G, @ minor principal stress

!
1, : complementary shear stress

Determination of Magnitude of s, and o,

Oy = %|:GX+G i‘\‘c;’—cy)2+4tiy}. A.\

V'

Location of Principal Planes

2
tan 20 = —
LAY
Tnax Planes are mutually perp‘en‘dicular to each other but are
inclined at 45° with respect to'both principal planes.
By knowing the location of principal planes, we can
determine the location of 7 planes.

T Xy

(o,)* : normal stress present on T, planes.
O] + (9}
¥ — =
(0% = =

In plane, maximum shear stress represents the maximum shear
stress developed in a plane.
Absolute maximum shear stress represents the maximum shear
stress developed at a point.

61 —0O»
2

Gy, —C
= * % (on o, oy plane)

In plane t, = + (on 6, o, plane)

o, +6, =0y +0y=0]+0;
o, : complementary normal stress ) '

63—0C
= * 32 L (on o5 o plane)

01~ 02
2
Under biaxial state of stress, o5 = 0.
Mohr Circle (Graphical Method)

Sign Convention
T * P(c, 1)

-0 € l >0

-7
For the Mohr circle as shown below determine the following:

Gy =03
2

63 —0)
2

> >

|

Absolute T = larger of {

A T
(—40,:50)
i
| e
1 F
(-90%0) :
A i A(10,0) -
\ ) , (0,0) radius of
‘ L C ’{, circle =50
pe
. L !
(-40,-50)

e

max plane

T

(1)~ Coordinates of centre of Mohr circle:

-90+10
Xx=—7"—"=-40,y=0
2
(i) Magnitude of principal stresses (points where circle cuts
G axis):

o; = 90 MPa, 5, = 10 MPa
(i)  Normal stress on t, .. planes:
(O3] + (9} e -80

* = — =-40 MP
(c,) > > 0 a
(iv) Resultant stress on T, plane:
. 1 = radius of circle = 50 MPa

max

T

6= \/rz a2 =507 +(40)° = 64.03 MPa
(To obtain resultant stress join the point to origin)

(v) In plane shear stress = radius of circle = 50 MPa.

Mohr Circle For Strain

PO | =

—c4 > c
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Example: - for biaxial state of stress/plane stress problems o5 = 0 but
g, & #0
T 5 o,=E(E)+tno,
c,=E g +uo
or
R (arnes) o plearue)
g tue eyt UE
o = E 1 sz . 0,= E 2 H21_
\L 1-p -
2 J THIN CYLINDERS
>
by 7 & (assurne ) Pressure vessel is defined as a closed cylindrical or spherical
c ’Ymax) container designed to store gases or liquids at a pressure
substantially different from ambient pressure.

(6., 0) (¢,, 0)

Thick - Thin d : diameter

ES2O 5‘.%> 20 t : thickness

|
: Pressure vessel
I
I
I
1
& 4
\J
1
1
1
1
I
|
I

g =&

-Y,
(=00
y? &) T &

Diameter = ¢, - & = In plane r

g1+ &
g, = — R o .
2 Cylindrical Spherical
€, : major principal strain Pressure Pressure
82 minor principal strain Vessel Vessel

Analytical Method for Strain Analysis Extmple of Thin Cylinder:

Hydraulic Cylinder.
& 2 { ex + &y ,/ €y fy} Example of Thick Cylinder:
’ LPG Cylinder, Steam Pipes.

g T e =g tg Assumptions for Thin Cylindrical Vessels
Absolute 1, = max (| s e ‘H‘SZ R |, | €4 — 81 — Stresses are. assumed to be uniformly distributed as
thickness ‘t’ is small.
Relationship ‘Bzﬂ'e‘ r1nc1pal Stress® and — Radial stresses are neglected.
Principal Strain y
/\ 1 L X
e "_' [ 1= 7 ,L’ ]
EPP A ¥ BN S LS SIS S - S j‘-milg - z
: _% G]ong
I
>0, / I
- A==
/ P -

_-
G hoop

o STATE OF STRESS AT A POINT
[ ( )] IN THIN CYLINDER

€& = <101 — (9] + O3

1 _pd _pd

Olong ~ I’ Shoop — E
27 F [62 - H(G3 T )] Sometimes 1) of circumferential joint and longitudinal joint are given.
) In that case,

& = 5[03 ~n(o1+0)] __nd pd

Olong ~ 4tn o > Ohoop — 2tny,
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pd pd Beams
O = 7> Oy = —
Pooot” T2 4 |
Absolute ¢ = S P4 | |
solute gy = 2 4t Statically Statically
Determinate Beam Indeterminate Beam
o =2 P | |
ST .
s _ S_L _ p_d(l _ 2”) Cantilever Simply Over Fixed  Propped Continuous
long L 4tE Supported  Hanging Beam Cantilever Beam
Beam Beam Beam

8V pd
g, = ——p—(574u)

VoV ME
Moreover, it can be seen from expressions of Ehoop and Elong that
8]ong < 8hoop
The chances of failure of thin cylinder is more longitudinally.

SHEAR FORCE AND BENDING MOMENT DIAGRAMS

— SFD and BMD play an important role in design of beams.

— To design a beam, maximum value of shear force and
bending moment are required which-are determined from
SFD and BMD.

Shear Force Sign Convention

l T l+ve shear fo
P

PT r 5

£V AT

T
!
Bending Moment Sign Convention

T £ve shear force
P

X \

| & A

|

—— .

| |

: concave b

S <
G 5 D) UL

- “SAGGING
BENDING

X
I I
I |
[} I
I |
I |
| I
| |
| |

X

HOGGING
convex  —ve bending
upwards
—ve
. ~ HOGGING
BENDING

Bending Stress

e Normal stresses introduced due to the bending of a
shaft / member.

e Pure Bending: If the magnitude of bending“moment
remains constant throughout the length of beam, the beam
is said to be under pure bending.

A C
/ P
A; - =
P D
/]

ove beam is under pure bending.
BendingEquation

Mg _ (ob) _E
Ina ¥y R
M, : moment of resistance offered by plane of cross-section of

beam.
(op,) : bending stress at a distance ‘y’ from Neutral Axis.
R : Radius of curvature.
E : Young’s modulus.
Iya : ‘area moment of inertia of plane of cross-section about
Neutral Axis.
From bending eq",
Ey

oy =7? — to be; ug;:d when ‘R’ is known.

NA
VAN T= (01 max 4 = chances of failure ¥
For a given beam, (o) o« y
This fibre is

subjected
M to compression

7

/]

Neutral Axis is
neither in tension
nor in compression

\_} This fibre is
subjected

to tension
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(Ot )y ¥
(Op="y

max
* A beam offering higher moment of resistance is stronger.
* I-section beams are strongest as they have high section
modulus.
»  Foragiven cross-sectional area and material square cross-section
beam is stronger than circular cross-section beam as
V4 >
square
Beams of Uniform Strength

Zcircle

A beam is said to be a beam of uniform strength when bending
stress developed at each and every cross-section is same.

2 X 11
M
|
/]
Y
o d
/]
/]
X 1
3 Lk———>
2] X
1
1

(tve)

<
<—>
c

L =1y =12
My =My, =
()11 = (Oplag. = ()i
(o) is independent.of “x
If beam is subjected to transverse shear load, the bending

moment varies.
(o}) varies.

XX

To make beam a beam of uniform strength:—
(i)  depth is varied.

de= dy/=

L )
dep il SN QA

() width ‘b’ is varied

X
= b| — SO
x [L} | v
width should be vafied Tiearly.
Consider a log, out of which a‘rectangle is to be cut such that

it is strongest in bending:
b and d — arbitrary dimensions of rectangle

~

S

b
D — diameter of log (given)

final dimensions of strongest rectangular cross-section
are

D ([2) b 1
b= =[P

Shear Stresses in Beams

PAYy
=

Ina -b
P shear force on plane of cross-section.
A area.
y distance of hatched portion from neutral axis.
Iya : moment of inertia of entire cross-section about neutral

axis.

b width

Consider a Beam of Rectangular Cross-Section

A ‘-IH_,.-" ‘]

d217 T

<
<l

e
r b

By using“the above formulae, we get

A& |

T =

bd?
. T oc y? (parabolic variation)
As 1 o f(y?)
© Asy T1 >
at extreme fibres T = 0

3
Tmax = Ty i 0 = Tmax n E Tan
P

where, Tavg = e

Expression for  Maximum Shear Stress Across

Various  Cross-Sections
3
il ittt 2" """ °T i Toa ™ T =5 Tag
a b T

A =a? A="bd
K3 3
2 2

. 4

For circle, K= 3

4
in a circular cross-section . = 3 Tave



A-28

Strength of Materials

— For square, circle, rectangle, 1y, is the maximum shear
stress. But in triangular cross-section, it isn’t so.

In triangular cross-section,

3 4
Tmax ~ E Tavg’ ™NA © g
T 9
=~ =1.125
TNA 8

7

e

————— r-|—-——=-=-=-=-=-== 7Tmax:rNA

I—LIIIII7’—//

Shear stress Distribution

— T section:

V2a

DEFLECTION OF B So 3
*  Deflection of ys an important role in design of
beams for rigidity: crlterlon

e The expressions of deflections “are ,further used for

determination of natural frequencies of shaft under

transverse vibrations. L

\-
« For a cantilever beamzundef*any “loading” condition=

deflection is maximume<at.free end.

e In simply supported \beam, deflection is maximum at
mid-span (when_beam is subjected to symmetric loading
only).

Relationship between R, q and Y
0 : slope
Y : deflection
R : radius of curvature

2
d7y XX

1_
dx> R Elg

dy
dx

0=

d Lo .
jMXX +C, =El [&yj — slope equation is obtianed

HMxx +Cyx +C, = El(y) — deflection eq"
Sign Convention
— 0 g +ve

chve

— Deflection upwards (+ve)

Deflection downwards (—ve)

Also,
a4 3 times integration to
S L AN
4 dx3 obtain deflection 'y
shear
force
d4 4 times integration to

W, = El— >
e ax?
load
intensity ~
Expression for Deflection_in pantllever Beams
Case I: Cantilever beam subjected to point load W at free end

obtain deflection+'y'

’

S
;‘-;'.;‘ﬂ

For cantilever, y =y, .. atx =0

-wr’
Ymax = T3y
Case II: Cantilever beam subjected to uniformly distributed
load
/ W N/m
e
A/ B
i N L -
Cowl o _owrt
9max_ B 6EI max B SFEI
Case III: Cantilever beam subjected to uniformly varying load
W N/m /|
/]
/
A 7 B
7 L >
wr? wr!
emax = eB = 24EI ’ Ymax = YB 30EI
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Case IV: Cantilever beam subjected to concentrated moment

‘M’ at free end.

Case III: Simply supported beam subjected to uniformly
distributed load

/ W N/m

5 C /

/ L

/] >M A7 A7

B L2 B L2

o o oML Ly M

max  °B El Ymax - YB T 2FI v _v i WL4 ) . -0, = VVL3

Case V: Cantilever beam of length ‘L’ subjected to point load max ¢ 384 I  omax VBT VAT oupp

‘W’ at its mid-span.

Case IV: Simply supported beam subjected to a concentrated
point load acting not at mid-span

W

W

s

o C l
L/2 A a b B
’ AW A\
wL? 5 wr’ \a
—0. = = = = - 1= 2,2
eB eC emax SET 4 Ymax YC 48 EI ec _ Wb (az - ab) L] F Y. Wa“b
Case VI: Cantilever beam subjected to uniformly distributed . 1/ 3EIL % : 3EIL
load over half its length from fixed end. dogsn’t give doesn’t give
max/ sl ax. deflection
/W N/m
B &
A/BREEETIERN" . ‘ %
L2 xural rigidity is an indicative of higher stlﬁiess

of beam but lower deflection and slope.

4 — Maxwell’s Reciprocal Theorem
_ o . WL (valid” for beams under point load and having
Ye = Yimax 384 EI same L, E and 1)
Expressions for Deflections in Simply, Supported Beam Load at C
Case I: Simply supported beam subjected to pure bending. W, Y =W C/ Y,
M Load at B ‘L .
| ¢ : Deflection at B Deflection at C
A@ ‘_,,) % duetoload at C  due to load at B
I
|
) @t -
2 | L2
< r ‘—>:< - S ﬂ C \|/
A B
ML ML?
emax - eB, AT ﬁ 2 Y,m:‘YC = QEI :

L 7
Case II: Simply supported Beam subjected to concentrated
point load ‘W’ at mid-span.

_ 5 wr? W
i \jf . CB™ 48 EI° B
Al .C I B We Yo = Wg Y
N = N w
1
- L/2 X : j l
DY - L N A o B
_ WL _ wr? ﬂ Yo
Mmax - 4 Ymax - IcC 48FI
2 3
_ _ WL 5 WL
emax - eA, B 16EI YBC = 4_8 F, WC =W
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TORSION — Torsional Rigidity
Pure Torsion GJ : Torsional rigidity
A member of a shaft is subjected to pure torsion when the TL

magnitude of twisting moment remains constant throughout

the length of shaft. GJ

GIT=0{ = ¢ = 1] = chances of failure J
— Torsional Stiffness (q)
T_ar

. ‘} __________ ?(ﬁ) o L

— Torsion of a Tapered Shaft

__________ Tmax TA =T
Shear Stress Distribution

0: angle of twist

¢ : shear angle
L : distance of cross-section from fixed end

Torsion Equation

Tr_G9_ Tmax , ,

J L R S0kl di+ dl dz +d 2
0 : maximum angle of twist. 0= G #3 S
¢ : maximum shear angle. 192

J : polar moment of inertia.
T, : Twisting moment

RO

L

Shafts in” Series

Now, ¢ =

G, T, =T,
Ootaf = 01 + 0, + 03
=_Opa=0pc T 0cp T Opu

Moreover, ¢ oc r and 0 oc L

3
Li
Cross-section of a shaft at free/end S Boral = {z G, J, } T

Ty =Tp =T~ =1 '\
A B £ max —~

To' = TR — TQL = Trax D j x
e T T

OA/ = OB: = GC, =xe% 9C
Pr = 0= 9c = R D 1
O =0p = 0c (<) /] @) 4 | |p
- 4
S 1 ¥ 7|
max Zp Dr e ) A
T=T, +T,

Zp : polar section modulus

0
For solid shafts, Z & “=d’ = T=G 1 +G ) T
PY 16
0,=06,=0
For hollow shafts, Z, = %D3 (1 - K% Shafts with Both Ends Fixed
D  outer djameter > T <~ /><fc
d : inner diameter T, N
d 5 N
K=— /] ® @ N
D / N
— A shaft offering higher value of T , has more strength. 5 N
Shafts with high value of polar section modulus are S~

preferred. G 1 =Gy ),
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1. Net TM =T (anti-clock)
Rxn =T (clock) End
T. Conditions — | Both Ends | Both Ends | Fixed and | Fixed and
d Values of Hinged Fixed Hinged Free
. T, =T, T,=T,-T o andy (BH) (BF) | (F&H) | (FF)
3. Tp+T=T. ] 1
4. 0,+0,=40 * ! 5 Nz 2
= 0,=(96,)
1 2 n- LZ 1 4 1
TA = 3T o 4
= 1
If remaining all other parameters are same,
5. T, = 3_T, T, = -T (Popr > (PIen > (Pogy > (Popr
4 4 Which of the following column is stronger?
[% T o
T
6. = ™ =3 A E
fmin () [Z] 1'm |~ are @ 0.7 m
- ) S2me
THEORY OF COLUMNS
Column is defined as a vertical structural member which is fixed
at both ends and is_subjected to an axial compressive load.
Strut is defined as a structural member subjected to an axial
compressive load.
All columns are struts but vice-versa isn’t true.
Type of Columns
Long Columns  “Medium Shoit Celumns
(fail due to buckling)  (fail due to buckling (failyduelto crushing)
as well as crushing)
—  As the length of structure, chances of it failing by buckling™ /"= (2) is stronger.
aremore. Slenderness Ratio
Euler’s Formulae — Used to compare buckling loads of various columns
s s TRpHDHS e\ w having same material and same cross-section.
_, Thelself weight Of colu@ Heglectéd | L »
— Crushing effect i etn‘;e ; e S= 1 where K = rj:n
— Flexural rigidityis uni - -~ .
— Load applied is trulyaxial. G, : buckling stress
— Length is very large compared to cross-section. 2p
. P oc f[E, I, end condit‘ions,;[g] o, & n_2
s AY S
2 PN
- % .. ST = Pe I = buckling tendency is increased
€
Le S S)ge <Syie) < (Spe)
P, : Euler’s buckling Toad. SC : Short Column
I min [L. anedy. ] MC : Medium Column
i oo Lyl LC : Long Column
L, : effective length of column. For steels, if
L : actual length of column. S < 30 = short column
L.=al S > 100 = long column
length fixity coefficient 30 < S <100 = medium column
| STRAIN ENERGY METHODS
n=— +  Strain energy is defined as energy absorbtion capacity of
o the component during its functionality.
(end fixity coefficient) * Resilience is energy absorbtion capacity of the component

within elastic region.
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* Energy absorbtion capacity of a component just before
fracture is known as toughness.

I
V4 i/

I
:
L |
|
|
|

1,

r_
|
|
g <+
1
1
L—
1
1

SE of bar = work done by load P

P’L B o’ " _oegAL
2AE 2E 2
— Strain energy of solid circular shaft subjected to torsion

. 1
Strain energy of bar = EPS =

T ke L 5T
d

T
T= —»

ZP
where
T : twisting moment.
Z_  : polar section modulus for fcircular, x section.

P

T3

zZ =|—|d.
p [16]

110

g ey X H ). \
2 )\

= 5 8
—> Strain energy 94?110‘ circular x section shaft.

d : Inner diameter.
D : Outer diameter.

d v
K=— = P
o) '
K =0 for solid
K<1
L R ]
Z, = 15 DX(=KY
SE=i (AL) (1 + K2) where T = —
4G ’ z

p
*  Proof Resilience : It is the maximum strain energy stored
up to elastic limit.
*  Modulus of Resilience is proof resilience per unit volume.
¢ Modulus of Resilience is the property of material. Proof
Resilience is function of volume of component.

9
/

Modulus
of
Toughness

Modulus of Resilience
— Two bars A and B are as shown:—

G PP
4 ]
1
1
| 2L
[}
d‘[‘ J L 3 @
ya AN 1 |
: II}IL ’ |d\
3 Ty
P e
®) h ¥
P2 g
i) nd’E
UB = U1 3= U2
»(5) (%)
= 3 + 3 =05U
nd’E  2nd’E TA
STRAIN ENERGY DUETO BENDING
b 2
ojn=— —(MXX) dx
. ST
U : strain energy
M, : moment at section x-x
j .
|
! B
A . : o)
|
NG
X X
Mxx = -M
U ]I‘ M2 ML
o 2EI 2EI
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In this case using the above relation, we get
_ Wa? b2

~ 6EI/

THERMAL STRESSES

— Thermal stresses are stresses introduced due to temperature
variation.

Condition for Thermal Stress

1. Presence of temperature gradient
expansion/contraction.

2. Restriction of expansion/contraction either partially or
completely.

Expression for Thermal Stress

Case I: Free expansion:
AT = +ve (i.e. Temp T)

leading to

(80), = oc AT ¢

(8f)y = (8/), =« AT d

(erm)x = (Brply = (epp)y = < AT

(O = (GTHgly = (ory), =0 ] ) )
[as free expansion of rod is taki

Hence, no thermal stresses are induced durik

expansion of a member.

Case II: Partially restricted longit
A : expansion permitted

Sy — A
OTH — ( L )E

4 &\ &
JFRYNE
N _ e 1
Y
R—>" |
Y
‘vﬁTH

Case III: (Completely restricted cast)
For this case, L = 0

8
(Ory) = %E £+ CATE.

— The stresses introduced are tensile in nature when the
temperature decreases and the stress are compressive
when temperature increases.

— Consider two bars:

a, E a,E
/] //'\ /] /,\
v N R
/ i@ R 24 O R @1, =@,
/) /) N\
/) /) N\
L L

(o = (o), [as a, E are same for both bars]

Thus, thermal stresses are independent of dimensions of the
product.
(GTH) =1f(a, E, AT)

In the below example, another 2 rods are given:

/ R
2 2AE, o AE,a R
2
0 @

(AT); = (AT),, i.e. rods are heated to same temperature.
However, (), # (Orpp)s

[+ both the bars are not completely restricted.
It is a compound. bar]

Expression for Thermal Stress Introduced in Compound
Bars

Case I: Bars in Series
Two.bars of Cu and“Brass are heated.

Va4

(AT), % + o, (AT), ¢ _RiG R
o )t oy (AT), 4, AE,  A,E,
If'both bars are of same material,

o = 0,

El = E2

—  When bars are in series, the nature of stress introduced in
both bars. is same.
If AT is +ve — compressive stress.
If AT is —ve —> tensile stress.

Case II: Bars in Parallel
— Consider the following parallel arrangement:

/1
5 —— Cu tube (1) o, > a,
j —— Steel bar (2)
/]
o1_#Ay
oy A
51,52
(al—az)AT=—+—
E, B

— When temperature of composite bar increases, the bar with
high coefficient of thermal expansion is subjected to
compressive stress and that with low coefficient of thermal
expansion is subjected to tensile stress.

— Thus, nature of stress introduced in both the bars is not
same.
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EXERCISE

III1

A pin-ended column of length L, modulus of elasticity E
and second moment of the cross-sectional area I is loaded
centrically by a compressive load P, the critical buckling
load (Py) is given by

- o P ' El

(@) o g (b) o= 32
nEl 7’ El

©) Pcs_? d Ps= I

For a circular shaft of diameter d subjected to torque T, the
maximum value of the shear stress is

64T 32T
@ 5 ()
16T 8T
© @
A 200 x 100 x 50 mm steel block is subjected to a hydrostatic
pressure of 15 MPa.

The Young’s modulus and Poisson’s ratio of the material
are 200 GPa and 0.3 respectively. The change in thevolume
of the block in mm3 is

(@ 8 (b) 90
(¢) 100 (& 10
A uniformly loaded proppedicantileversbeam and its free

body diagrams are shown ow. The'feactions are

<

I ' LT
T A

— L <K 2

SgL e N/ ql’
- - N
3qL 5qL ql’
(b) le ] ,sz 8 aM: ‘8
I‘I
5¢L 3
© Ri=—, Ry= 2=l M=0
8 8
3qL 5qL
@ Ri="g Ras~g » M=0

A steel rod oflength L and diameter D, fixed at both ends, is
uniformly heated to a temperature rise of A7. The Young’s
modulus is E and the coefficient of linear expansion is a.
The thermal stress in the rod is

(a) zero (b) aAT

(¢) EaAT (d) EaATL

A two-dimensional fluid element rotates like a rigid body.
Ata point within the element, the pressure is 1 unit. Radius
of the Mohr’s circle, characterizing the state of stress at
that point, is
(a) 0.5unit
(¢) lunit

(b) zero
(d) 2unit

10:

11.

12.

13.

14.

The strain energy stored in the beam with flexural rigidity E1
and loaded as shown in the figure is

p P
|<—L—>"<—2L—>v<—L—>|

«A« \é\“

Pr b 2P
@ 35 Y
( 4P°r @ 8PAL
s & 3E]

Arod of length L and diameter\D is'Subjected to a tensile
load P./Which of the following issufficient to calculate the
resulting change in.diameter?

(@) ung’s modulu (b) Shearmodulus
(¢) Poisson’ i 3
?)' Both Y modulus and shear modulus

he transverse sheaf stress acting in a beam of rectangular
Cross-secti ubjected to a transverse shear load, 18
(@) wariable with maximum at the bottom of the beam
(b) _variable with maximum at the top of the beam
(c)" uniform
(d) “wvariable with maximum of the neutral axis
Avsolid circular shaft of diameter d is subjected to a
combined bending moment M and torque T. The material
property to be used for designing the shaft using the relation
]—63 M*+T? s
(2) ultimate tensile strength (S;,)
(b) tensileyield strength (Sy)
(¢) torsional yield strength (S,)
(d) endurance strength (S,)
Ifthe principal stress in a plane stress problem are o; = 100
MPa, o =40 MPa, the magnitude of the maximum shear
stress (in MPa) will be
(@) 60 (b) 50
() 30 (d 20
The state of plane-stress at a point is given by cy=—200
MPa, 6, = 100 MPa and 1., = 100 MPa. The maximum shear
stress in MPa is
(@) 111.8 (b) 150.1
(c) 1803 (d) 2236
A column has a rectangular cross-section of 10 mm x 20 mm
and a length of 1 m. The slenderness ratio of the column is

closed to

(@ 200 (b) 346

(c) 477 (d) 1000

A thin cylinder of inner radius 500 mm and thickness 10 mm
is subjected to an internal pressure of 5 MPa. The average
circumferential (hoop) stress in MPa

(@) 100 (b) 250

() 500 (d) 1000
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A solid steel cube constrained on all six faces is heated so
that the temperature rises uniformly by AT. If the thermal
coefficient of the material is a, Young’s modulus is E and
the Poisson’s ratio is v, the thermal stress developed in the
cube due to heating is

_a(AD)E 20(AT)E

@ 12y (1-2v)
3a(AT)E _a(AD)E

© "2y 31-2v)

For a long slender column of uniform cross-section, the
ratio of critical buckling load for the case with both ends
clamped to the case with both ends hinged is

@ 1 ®) 2

(c) 4 d 8

A cantilever beam of length L is subjected to a moment M at
the free end. The moment of the inertia of the beam cross-
section about the neutral axis is | and the Young’s modulus
is E. The magnitude of the maximum deflection is

MI? mr
@ 2EI ®) EIl
2MI? AMI?

d
© 7l (d) 7l

The maximum allowable compressive stress corresponding
to lateral buckling in a discretely laterally support
symmetrical [-beam , does not depend upon
(a) modulus of elasticity

(b) radiusof gyration about the
(c) span/length of the beam
(d) ratio of overall depth

on a plane surface to determine th principal strains and their

directions is

@@ 1 (b) 2

(© 3 (d)4

The buckling load in a steel column is

(a) related to the length «..

(b) directly proportlo the slenderness rat1cﬁ

(¢) inversely pr 1 al o the slenderness ratio

(d) non-line slenderness ratio

Ifmoment M is apphe at the free end of centilever then the

moment produced at the fixed end‘'will be

@ M (b)eM/2

(c) 2M Y =(d)¥zeto

A Mohr’s circle reduces to 4 point“when the body-is

subjected to

(a) pure shear

(b) uniaxial stress only

(c) equal and\ opposite axial stresses on two mutually
perpendicular planes, the planes being free of shear

(d) equal axial stresses on two mutually perpendicular
planes, the planes being free of shear.

A thin walled cylindrical pressure vessel having a radius of

0.5 m and wall thickness 25 mm is subjected to an internal

pressure of 700 kPa. The hoop stress developed is

(a) 14MPa (b) 1.4MPa

(¢) 0.14MPa (c) 0.014MPa

The state of stress at a points in a stressed element is shown

in the given figure. The maximum tensile stress in the element

will be

25.

26.

27.

A-35
—10N/m®
10N/nm* 10N/nm’
10N/nm”
@@ 20N/mm? (b) 10v2 N/mm?
() 10N/mm? (d) zero

If p = Poisson’s ratio G = Modulus of rigidity, K = bulk
modulus then
3K-G b _ K-G
2G + 6K ®) B=55TeK
© 3K-2G @ K+
) M= S~ T % =
2G£/6K G+3K

For the shéar force diagram shown,in figure, the loaded
beam will'be LY

(@ n=

)

m ———pid— 4 m

16t
1.5 t/m
181 3t
) !
(@) B cA D
Cy 1.5 /m
3t
A Lﬂﬂlﬂiﬁﬁﬂﬁﬁﬁ? l
®) B @ D
1.5t/m
lmt l |3t
(el
T B cT D

1.5 t/m

l 14 t/m l3t
d) A%ﬂﬂfﬁﬂ% CT y

When a column is fixed at both ends, corresponding Euler’s
critical load is

® n%El . 212El
a

2 12
© 3n2El @ 4n%El
KT 12
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28.

29.

30.

31.

BR.

33.

34.

Consider the beam AB shown in figure below. Pat AC of the
beam is rigid. While part CB has the flexural rigidity EI.
Identify the current combination of deflection at end B and
bending moment at end A respectively

P
gA c Iy
L —ble——— | ——»
P’ PL’
— 2PL — PL
@ g ®) 3gr
8PL q 8P}
© (d) 3B

Ina stressed body, an elementary cube of material is taken

at a point with its faces perpendicular to X and Y reference

axes. Tensile stresses equal to 15 kN/cm? and 9 kN/cm? are

observed on theses respective faces. They are also

accompanied by shear equal to 4 kN/cm?2. The magnitude

of the principal stresses at the point are

(@) 12 kN/cm? tensile and 3 kN/cm?tensile

(b) 17 kN/cm? tensile and 7ZkN/cm? tensile

(¢) 9.5 kN/cm? compressive and 6.5 kN/cm? compressive

(d) 12 kN/cm?tensile and 13 kN/cm? tensile

Under torsion, brittle materials generally fail

(a) alonga plane perpendicular to its longitudinal axis

(b) in the direction of minimum tension

(c) alongssurfaces forming a 45° angle with the longitudinal
axis

(d) notinany specific manner

A simply supported beam of span Isand flexuraliri

carries a unit point load at its eéntcé¥The strn TV In

the beam due to bending gl o >

r r’
@ J8EID ®) T92Er

r r
© 96Er @\ T8k

The design of a eccentrlc aded column needszevision
when ,
q

() LJrfb{ ‘ (b) Lf'hfa{’<l
/! fh e Jy
© _,_(d}.';e—?l

where,

/.= calculated average axial compression stress
f, = maximum allowable bending compressive stress on the
extreme fibre, and

f!=calculatedbending stress in the extreme fibre.

A gun metal sleeve is fixed securely to a steel shaft and the
compound shaft is subjected to a torque. If the torque on
the sleeve is twice that on the shaft, find the ratio of external
diameter of sleeve to diameter of shaft [Given Ny =2.5 N]
(@ 28 (b) 16

() 08 (d 32

A column section as indicated in the given figure is loaded
with a concentrated load at a point ‘P’ so as to produce
maximum bending stress due to eccentricities about X-X
axis and Y-Y axis as 5 t/ m? and 8t/m? respectively. If the

3s.

36.

O

"‘

38.

39.

40.

41.

direct stress due to loading is 15t/m? (compressive) then
the intensity of resultant stress at the corner ‘B’ of the
column section is

(@) 2t/m?2 (compressive)
(b)
(c)

12 t /m? (compressive)

18t /m? (tensile)

(d) 28t/m? (compressive)

If the principal strusses and maximum shearing stresses
are of equal numerical values at a point in a stressed
body, the state of stress can be termed as:

(a) isotropic

(b) uni-axial

(¢) pure shear

(d) gineralized plan state of stress

Consider the following statements :

I-2-D.straw applied to a thin plate in its own plane
represent thé plane straw condition.

2. Under plane straw.condition, the strain in direction
perpendicular to plafie is Zero.

3. 4 Normal-and she@aw may oceur simultaneously

‘on a plane.
Whlch of th € statments is/are correct?
‘(h 1 only (b) 1and2
(©) '2an b 4 (d Iand3

The prlﬁdp Strains at a pomt in a body, under kiaxial
stress-state, are 700 x 10 and — 40 x 10°*
Whatwill'be the maximum shear strain at that point.
(@) L. 110 x10° (b) 300x10°

(€, 550x10° (d) 150x10°

What is the relationship between elastic constarts E, G
and K ?

._ _KG o g 9KG
(@) 9K +G ® E=iiG

2 19KG gl
© K+ 3G iy

Four vertical columns of same material, height and weight
have the same end conditions. Which cross reaction will
carry the maximum load ?

(a) Solid circular reaction

(b) ~ Thin-hollow circular section

(c)..Solid square ‘section

(d) I-section

A steel speciman 150 mm” in cross section stretches by
0.05 mm over a 50 mm gauge length under an axial load
of 30 KN. The strain energy stored in speciman ?

(@) 0.75Nm (b) 1.00Nm

(¢) 1.50Nm (d) 3.00Nm

The expression for the strain energy due to binding of a
cantilever beam (length L, modulus of elasticity E and
moment of inertia I) is given by :

® p213 o P2I3
3EI 6EI

© p213 @ p213
4EI 48E1
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42. Consider the following statements:
Maximum shear stress induced in a power transmitting
shaft is
1. directly proportional to torque being transmitted.
2. Invertly proportional to the cube of itr diameter.
3. directly proportional to itr polar moment of inertia.
Which of the statements given above are correct
(@ 1,2and3 (b) only3
(¢) 2and3 (d 1land3

43. Maximum shear stress in a Mohr's circle
(a) in equal to radius of Mohr's circle
(b) in greater than radius of Mohr's circle
(¢) in less than radius of Mohr's circle
(d) could be any of the above

44. A shaft is subjected to combined twisting moment T and
binding moment M. What is the equivalent binding
moment.

1
@ 5 M? 4+ T2

(b)  yMm?2 412
1 2 2
(C) E M+AVM“+T (d) M+ IM2+T2

45. The ratio of torque.carrying capacity solid shaft to that
of a hollow shaft'is given by :

@ (1-k b (1 -k
1
k* d 7
(© (d) i
here, k = —-
where D,
D, = inside diameter
D = outside diame shaft

Shaft materials are same
46. The principal stress at a point in 2-D'stress,system are o,
and o, and corresponding principalstrains are ¢, and g,.
If E and p denote young's Modulus ‘and Poisson's xatio

respectively, then which one.of\the following is_correct:
~

(@ o Eg, . AP [gﬁygz]
o 1 1is
&

© o=—ly he] @
I-p
47. A point in a 2-0 state of sttaimyin_subjected to pure
shearing strain of magnitude 'y }-radian. Which ‘ohm of

the following is the maxitntm principalstraimr 7= -

@ 7, ) Tuia

© Ty d 2y,
48. Consider the Mohr's circle showin in ﬁg what is the state
of stress represented by their circle.

P
G =L —ue; |

T A

49.

50.

(@)
(b)

The SFD for a beam in shown in the fig. The BMD is
shown by :

A B
SFD

i

¢

a
L=

& B
B
C
[
A B
\IC

Match list I with list IT and select the correct answer using
the codes given below the lists :

List I List-1I
A. Clopeyroh'sn theorem 1.  Deflection of beam
B.  Maculayr's method 2. Eccentrically loaded
column

C.  Perry's formular 3. Riveted joints
4.  Continuous beam
Codes :
A B C A B C
(@ 3 2 1 (b)y 4 1 3
(c) 4 1 2 d 2 4 3
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ANSWER KEY

1 |@] 6 | |11 |©@|16|@/|21|@ |26 @]|31]@ |36 @]/|41]| |46/ ®
2 @ | 7|lo|ln2lol17|l@|2|@|27|@]|32|0©|37|@ |42 |W@d]47] @©
3 || s ||l |wm|l18]@]|23]@ 28| @ [|33|®)|38]|@]|43 ]| @ |48 ]| ®)
4 @ | 9 | @|1a|l®|l19]@ |24 @ |20 ®)]|34 ]| ®)|39]| )| 44| )| 49| )
5 )10 | () |15 | (@) [ 20 | (@) | 25 | (c) |30 | ()| 35| (c)| 40 | (a) | 45 | (b) | 50 | (o)

mmmmmp  H|NTS & EXPLANATIONS

lll1

1. @
2 (©)
3. 0
4 @

LN NN NN

According to Euler’s criterion of buckling load, for
pin-ended column of length L, the critical buckling load
is given by

_n? xEI

AV
o S0
3x15 h V)
= AV=(200 x 100 x 50)# < (L2
S (g

=106x22.5%x10-5% 0.4=90 mm3

The given propped beam consists of two parts

1. A cantilever with uniformly distributed load

2. A cantilever with point load (reaction) R, at end
in upward direction.

g/length

BRLRRLRTARTRNAY

fe—————— | —=———

0 A

R &
N 1 y

= =4

Aso, b=y
qrt
8EI
For cantilever with load R, atend
R, xI*

3EI
R, x L} B

3EI

For a cantilever with UDL, §; =

2:

qxL!

01=0, =
=" 8EI

= Rzzéqu
8
3 5
Ry=qL-Ry = gxL-2ql =2qL

L
Also,momentM =Ry x L —qx L x (Ej

2
:§q><L2—gL2 :—£
8 2 8
5
So, finally Ry =§qL,
2
Ry=ogl M= I
8 8

Dueto Atrise in temperature of steel rod of length L,
increase in length
AL = o xdunX At

Since, bot e fixed, thermal stress will be

producec e'steel rod.
“AL giorx L < At L xAt

Strain € = Y
&"l%rmal stress G = E xg=E xo xAt

When a hydrostatic load (same pressure in all

directions) acts on a fluid element, the Mohr’s circleis

reduced to a point on G-axis.

l
[

Hydrostatic force

= x At

and tyy =0 t=0
Hence, radius of Mohr’s circle = zero

P P

‘4- ---2L—>‘
A y A B
o
‘-7[_—- —— [

Rf\=P RB:P

AT

Bending moment diagram

RA+RB:2P
EMBZO
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Px3L+Px—Rp x4L= 0:>RA—4PL P , 16T 16VM? + T2
41, Induced shear stressis T = P e —
RB =P nd nd
BMy=Pxx Sey
The total strain energy stored is given by For safe designing t < e
2 2
_ J’ L (Px) ? xd (PL) x2 + J‘L(PX) x dx Torsional yield strength
or
ZEI 2EI 0 2EI Factor of safety
4P%13 11. (¢) Ifmaximum and minimum principal stresses are given,
= 3R the maximum shear stress is given by
8. () When the load P is applied in axial or longitudinal _0p—0y 100-40
Lo . Tiax = = =30MPa
direction, increase in length 2 2
12. (¢)
T — 0, = — 200 MPa
L Ty = 100 MPa
! |
o, = 100'MPa
P by O
2
_PL_ 4Pl
AE #7D’E
For, finding the change in diameter (transverse 2 "
direction), Poisson’s ratio v is needed. ) +100° ?:'(:-,__

But modulus of elasticity E is also needed

Henge, to find 5D, both Youfig®s modulus — \J(~150)? +(100)* =180.27 MPa
modulus are needed.

9. () The distribution of : L 2 l\
vertical helgh_of the beam is given by 13.. ®)/ Slenderness ratio A = L I=AK%K = A J
? Moment of Inertia for rectangular section
hlfz ******** bd3
_;_ ________
hi2 3
20 (10
| Then K= \/7 \f _\/ <O _ 556
12xA 12x10x% 20
b N .
__FAy B L. VP
Lb - = 14z () P=5MPayd= 1000 mm, t= 10 mm
B - PAT A 15,0 (@) We'know,
where, Tmax = b = Tiean: ™ Eb
1
F = transverse-shear load ex = E[GX - V(GY + GZ)J

T = transverse shear stress
Here, shear stress 1 is variable and is maximum at the
neutral axis.

A © ex—ey=ey= ~(o-p20)
M(‘y % (&>M e=%(1—2v)E

For a shaft subjected to bending moment M and torque We know e = aAT
T, the equivalent torque is

(o)
T, - N 5 OoAT= E(I—ZV)

Let thermal stress is ¢ and for the symmetrical system,
Ox=0y=0z=0O

10. ()
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_ EaAT
(1-2v)
As it will be compressive stress.
EaAT
So, Othermal = —m
We know critical buckling load
n’El
Py = b
LC
For both ends hinged, L, =L

L
For both ends clamped, L. = 5

( Per )clamped _ 2 4

(Pcr)hinged (L/2)2 . 1

2

d
We know, EI—§=M
dx
1 |M
——)
or Elﬂ:Mx+Cl
dx

dy
Atx=0, — =0asfixed ate
dx

Ci=0

s Mx?
Again, Ely=——+ C,
Atx=0,y=0 (fixed end)
So, Cy=0

M »

i N \
Ymax = % ‘o (atx:Ll [

D
Since allowable compressive stress depends upon T

-_

Y

v
/ - X S
ratioand .~ ratio as perLS. Code 800 : 1984. Therefore,

g
it will not depénd upon the modulus of elasticity.
©’El  m°E.Ar’
P =& 2
[ /

T°EA ’E.A

- ( % )2 (slendemess ratio)2
"

P, could be non linearly related to slenderness ratio
so better to avoid choice (d).

A Mohr’s circle reduces to a point when the body is
subjected to equal axial stresses on two mutually
perpendicular planes, the planes being free of shear.

Pd  700x10°x2x0.5

G =-2 _ - 6—
b o 2% 25%10° 14 x 10°= 14 MPa.

() Thisis a case of pure shear, Mohr’s circle where 6 = 1

&o,=—1
N
T
N
GZK/“
We know that
E=2G(1+p)
E=3K (1-2uw)

2G(1+p)=3K(1-2p)
2G+2pG=3 K—6pK
n(2G 16K)=3K - 2G

n’El
(Leff )
where L off = effective length of the column.

When both ends are fixed,
L o= 0.5L

Euler’s critical load, P =

2

n° El n° El 47° El

& = or
o (O.SL)2 0.2517 L
Part AC of the beam is rigid. Hence C will act as fixed end.
PL’
thus Oy = E

But the bending moment we depend up on rigidity or
flexibility of the beam.

BMat A=2PL.

Principal stresses,

2
G, +0C G,—GC
__ox 7y x 7y 2
G, = + [ J +Ty

2

Given

c,= ISkN/ cm?
o, = 9 kN/cm?
Tey = 4 kN/cm?

"o, =12£(3)" +(4)" =12£5kN/cm?

c,=17 kN/cm?
c,=7 kN/em?
Both of these are tensile in nature.
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30. (¢) Ductilematerials generally fail in shear, therefore, when ~ 37. (a)
subjected to torsion, a specimen made of a ductile

material breaks along a perpendicular to the
longitudinal, when subjected to torsion, a specimen

made of a brittle material tends to break along surfaces

which are perpendicular to the direction in which
tensionismaximumi.e., along surface forming at 45°

angle with the longitudinal axis of the specimen.

In case of simply supported beam carrying a point

load ‘P’ at the centre,

3. (o)

M? - dx
2EI

f _P
w, :_[ ,where M = Ex
0

39. (b)

W, =2L/2 P’x? -dx _{ZXP2 X Tz

) 2x4El | 2x4EIx3
Since, P=1 unit
L3
W=
96ET
Let us use suffix S for steel and suffix g for gun metal.

5 _T14
L IN
Since both the steel shaft and gun meta

0
securely fixed, T is the s

33. ) 40. (a)

Ts _7Tg*
JNg 1N,
I T
—g=—‘°’-N5:2x2.5:5
J, T, N,
~e \
T 4 4
=83 10 |
32( :\ : |
U - -
£
32
D AP
— =1.5651 ?
d R 427°@

£ =16
f

34. (b) Stressatcorner B=15+5—8=12t/m? (compressive)
35. (¢) As from the condition given,
G,=0C,=1T=71 =71,
So, it is the state of pure shear

Maximum shear strain, (r) = ¢, — g,

1

|

€
=700 x 10°° — (=400 — 10°°)
= (700 + 400) x 10°=1100 x 10°°
. » Elr’
Maximum/ Critical load (F) = 2
€

So, critical/maximum load oo Moment.of inertia of
section

While,swe know that M:O.L of thin hollow circular
section is maximum.

%107 =0.75 N-m

2-,
—dx

energy due to bending (U) = o ORI

2
4 _[L—(Px) dx
o 2FEI

U
_x_
3
B P2L3
6FEI

From torrion equation,

T. _ GO_ Omn

J L R
T Tr.R 2
max J - T[:d4\

16T,
Fax T g

1

From the above expression,t o7 andt o 3
max r max d
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c]—OC 1
43. (@ Maximum shear stress (t ) = % 46. (b) Are we know, g = E[cl —uo,]
(o10,Plane) and (o) —oc,) = diameter of Mohr's 1
circle. &= E[GZ ~ ko]
On arranging the above equns.
_ Eetpey) B tug)
0, = 1_H2 » 0, = 1—M2
0,(+0) 47. (¢) Maximum principal strain= 7Y y,/2
(-o)o, «—
| L Q
T G T N
45. (b) From torrion equation, Tr = sQ e C)

T, Should be equal

WHILEJENJOYING



CHAPTER

It is the branch of Engineering Science, which deals with the
study of relative motion between the various parts of machine
along with the forces acting on the parts is known as the Theory
of Machines (TOM).

Kinematic Link: Each resistant body in a machine which moves
relative to another resistant body is called kinematic link or element.
A resistant body is which donot go under deformation while
transmitting the force.

Kinematic Pair: If the relative motion between the two elements
of a machine in contact with each other is completely or
successfully constrained then these elements together is known
as kinematic pair.

CONSTRAINED MOTIONS

Constrained motion (or relative motion) can be broadly classified

is to three types.

1. Completely Constrained: Constrained motion 1
relative motion between the links ofa kinemaﬁa oceurs
in a definite direction by itself iiﬁespegtﬁe of'the.external
forces applied. For example a square bar ifi‘a square hole
undergoes completely constrained motion.

2. Incompletely Constrained: Constrained:motion in which
the relative motion between the links depend on the direction
of external forces acting on them. These motions between a
pair can take place in more than one direction. Fonexample
a shaft inside a circular/hole.

3. Partially (or Successfully) Constrained Motion: If the
relative motion between its links occurs”in a definite
direction, not by itself, but by some other means, then
kinematic pair is said_to be(partially or successfully
constrained. For example a ‘piston reciprocating inside a
cylinder in an internal combustion engine.

TYPES OF KINEMATICPAIRS

The classified of kinematic pairs is listed as below:
1. Based on themature of contact between the pairing elements.
(a) Lower Pair: Links in the pair have surface or area
contact between them. The surface of one element
slides over the surface of the other. For example: a
piston along with cylinder.
(b) Higher Pair: In which the links have point or line
contact and motions are partly turing and partly sliding.
For example: ball bearings, can and follower.
2. Based on the type of mechanical constraint (or mechanical
contact)

>

f

THEORY OF
MACHINES

(a) Self Closed Pair: If the links in the pair have direct
mechanical contact, even without the application of
external force.

(b) Force Closed Pair: If the links in the pairare kept in
contact by the application of external forces.

3. Based on the type of relative motion between the elements
of the pair

(2)-Sliding Pair: A kinematicpair in which each element
has sliding contact with respeet to the other element.

(b) Rolling Pair: In a rolling pair, one element undergoes
rolling motion with respecttothe other.

(c) Turnmg Pair: ncénmg pair, one link undergoes
to the other link:

_ turningm

(;1) Screw t conS1sts of links that have both turning
and sliding motion relative to each other.

Cylmd‘&’f‘alr Akinematic pair in which thelinks
g0 both rotational and translational meotion

relative to one another.

(H Spherical Pair: In a spherical pair, a spherical link turns

inside a fixed link. It has three degrees of freedom.

DEFINITION OF KINEMATIC CHAIN

Combination of kinematic pairs joined in such a way that the last
link is joined to the first link and the relative motion between them
is definite. There are two equations to find out. Whether the
chain is kinematic or not.

[ = 2p-4

where [ = number of links
p = number of pairs
also
3
j=—]/-2
o
where

j = number of joints
To determine the nature of chain we use equation

jt L é1 -2
2 2

where h = No. of higher pairs
If LH.S > R.H.S. then itis a locked chain

L. H.S. = R.H.S. then it is a kinematic chain

LH.S. < R.H.S. then itis an unconstrained chain
GRUBLER'’S CRITERION
In a mechanism total no. of degrees of freedom is given by

F=3m-1)-2j
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n is no. of links and

j = no. of joints (simple hinges)

most of the mechanism are constrained so F = 1 which produces
1=3n-1)-2j

= 2j — 3n +4 =0 this is called Grubler’s criterion. If

there are higher pairs also no. of degrees of freedom is given by
F=3n-1)-2j-h

where h = no. of higher pairs. Also known as Kutz Bach

criterion to determine the number of degree of freedom.

This statement says that if the higher pairs are present in the

mechanism like as slider crank mechanism or a mechanism in which

slipping is possible between the wheel and fixed links.

Higher pair: When the two element ofa pair have a line or point

contact when relative motion takes place and the motion between

two elements is partly turning and partly sliding. E.g. Cam and

follower, bale and bearing, belt and rope drive etc.

Number of degree of freedom (movability): The number of

independent parameters that define its configuration. The number

of input parameters which must be independently controlled in

order to bring the mechanism intouseful engineering purpose.

where

GRASHOF'S CRITERIA

Grashof’s criteria is applied to pinned four bar linkages and states
that the sum of the shortest and longest link of a planar four-bar
linkage cannot be greater than the sum of remaining two links if
there is to be continuous relative motion between the links.

Fig.
Linkage shown in Fig. 1 is Grashof type if
s+ I R <\
1- \
MECHANISM | tos & )
A mechanism is obtained byI%xing one of thé links'of a kinematic

chain, for example a typewriter. Basically there are two types of a
mechanism. S

1. Simple mechanism: A mechatiismwith four/links.
2. Compound mechanism: Mechanism with more than four links.

Inversion of a Mechanism

We can obtain different mechanisms by fixing different links in a
kinematic chain, this method is known as inversion of amechanism.

INSTANTANEOUS CENTRE

A point located in the plane (of motion of a body) which has zero
velocity. The plane motion of all the particles of the body may be
considered as pure rotation about the point. Such a point is called
the instantaneous centre of the body. If there are three rigid bodies
in relative planar motion and share three instantaneous centre, all
lie on the straight line, called Kennedy’s theorem.

Instantaneous axis of rotation: The axis passing through the
instaneous centre of the body at right angles to the plane of
motion is called instantaneous axis of rotation.

Axode: The instantaneous centre changes every moment, its locus
is called centrods, and the surface generated by the instantaneous
axis is called the axode.

Methods to Locate Instantaneous Centre

Locating the instantaneous centre of a body depends on the
situation given. Following are some examples:

. . . . V,
(i) The instantaneous centre I lies at a distance —* along the

(O]

perpendicular to the direction of velocity V, at point:Aon a
rigid body shown in Fig.

Fig.

(i)~ Theinstantancous centre I is the point of intersection of the

lines perpendicular to the direction of velocities at the given
points on the body as shown in Fig., we can write as

Fig.

V, = oxIA
Vb = oxIB
where o is the angular velocity with which the body shall
appear to rotate about the instantaneous centre 1.
(i) If'the two links have a pure rolling contact, the instantancous
centre lies on their point of contact.
(iv) Ifthe slider moves on a fixed link having straight surface, the
instantaneous centre lies at infinity and each point on the
slider have the same velocity.

Number of Instantaneous Centres in a Constrained

Kinematic Chain

Ifn are the number of links in a constrained kinematic chain, then
the number of instantaneous centre (N) is given by
n(n-1)

N=——~ "/
2

VELOCITY AND ACCELERATION OF MECHANISMS

To analyse velocity and acceleration of a mechanism we proceed
link by link associated in the mechanism. Let us consider two
points P and Q on arigid link PQ, as shown in Fig. Let point Q of
the link moves in clockwise direction relative to point P. In this
case the relative velocity of point Q with respect to P would be
perpendicular to the line PQ.
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Var

Fig.

Now ifthe point Q moves with respect to P with an angular velocity
o and angular acceleration o, thus velocity has two components,
perpendicular to each other.

(a) Radial or centripetal component

(b) Tangential component

These components of velocity can be determined by calculating
linear accelerations in radial and tangential directions. Figure
shows the link representing both the components of acceleration.

Fig.
Radial component of the linear a
is given by

PQ
and the tangential component of ;@linear acceleration oi Q with
" q

v 2 /2
r P P
aQP=m2xPQ=[—Q J ><PQ=—Q

respect to P is given by O

i

=g} X
t

a
= o= PL(; which is perpendicular to the link PQ

-_

e P

CORIOLIS COMPONENT OFACCELERATION

Ifa particle C moves with.a velocity v on a link AB rotating with
angular velocity o, as shown in Fig., then the tangential component
of the accelerationf the particle C with respect to the coincident
point on the link ABiis called coriolis component of acceleration
which is given by

C _ .t _
agc =age =20V

o +2mv

Fig.

where v is the velocity of the particle C with respect to coincident
point C.

ACKERMAN STEERING GEAR MECHANISM

All the four wheels must turn about the same instantaneous centre
to fulfill the condition for correct steering.
Equation for the correct steering is

cotp—cot 0 =c/b
¢ = Distance between the pivots of the front axles
b = Wheel base
¢ and 0 are angle through which the axis of the outer wheel and
inner whel turns respectively.
For approximately correct steering, value of ¢/b should be in
between 0.4 and 0.5.

DAVIS STEERING GEARMECHANISM

According to Davis Steering gear the condition for the correct
steering is given by

a=c/2b
¢ = Distancebetween the pivots of the front axles
b= Wheel bases, 6, .
o= Angle of inclination ofthe links to the vertical

where

where

g at a small angle (say o) we use

Nbriving  1- cos” 0sin” o

NDriven cos a

where Npyiying = Speed of the driving shaft in r.p.m.
Nbriven = Speed of the driven shaft in r.p.m.
0 = Angle through which the arms of the cross turn
o = Angle of intersection of two shafts
Hook’s joint can be represented as shown in Fig.

Fig.
Condition for the unit velocity ratio is given by

tan 0 = + \/cos a

FRACTIONAL TORQUE IN PIVOT AND COLLAR
BEARING

Pivot and Collar bearings are used to take axial thrust of the

rotating shaft. While studying the friction in bearing it is assumed

that

1. The pressure over the rubbing surfaces is uniformly
distributed through out the bearing surface.

2. The wear is uniform throughout the bearing surface.

(1)  Frictional torque transmitted in a flat bearing is given by

= % x 0tWR while considering uniform pressure

And in case of uniform wear

1
T=—xuWR
) u
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where  p = Coefficient of friction
W = Load transmitted to the bearing
R = Radius of the shaft
(i)  Frictional torque transmitted in a Conical Pivot bearing is

given by
2
= 3 x WWR cosec a

while considering uniform pressure
And in case of uniform wear

1
T= 5 x WWR cosec a

where
o = semi angle of the cone
(ii)) Frictional torque trnsmitted in a trapezoidal or truncated
conical pivot bearing is given by

) 3.3
= 3><;1W|:rl r2}cosecoc

2 2
ry —r,;

while considering uniform pressure.
And in case of uniform wear

T= %x uW (1, +1,) cosec a. = uWR cosec a

where r; and 1, are the external and internal radii of the
conical bearing respectively

L+ . . .
R= -1 —2 js the mean radius of the bearing,

(iv) Frictional torque transmitted in a flat collar bearl'n

by -~ <
5 = i"
_2 r -1
- ‘X“WIZﬁ
3 r;—r5

while considering uniform pressure
And in case of uniform wear

[ %x;,lW(r1 + digy),

The frictional torque trﬁsrr\ﬂtted bya disc or platemtch is
nca

same as that r bearing and by a cone clutch is
same as that d conical pivot bearing.

BELT DRIVE

The transmission of power from onc'{_otating shaft toanother
lying at a considerable distance,.s achieved using belts'and ropes.
Two parallel shafts may be connected by open belt or by cross
belt. In the open belt system, the rotation of both the pulleys is in
the same direction. If a crossed belt system is used, the rotation
of pulleys will be in the opposite direction. Fig. 11 and Fig. shows
open and crossed‘system respectively.

i T,

Slack Side T,

Driven
Pulley

on Side T :
Driving 7, T ension 1
Pulley

Fig.: Belt drive-open system

T, Driving

I Pulle
Driver v

Pulley
Fig. : Belt drive-cross system
When a number of pulleys are used to transmit the power from
one shaft to another, then a compound drive is used as shown in
Fig.

Fig.: Belt dri mpound system
Types of Belts N
There.are three belts”

Jat belts: Crossse€fion of a flat belt is shown in Fig. 14.
Flat beits af@easicr to use and are subjected to minimum
bending'é%ress. The load carrying capacity of a flat belt
depends on its width.

Fig. : Flat belt
The ratio of driving tensions for flat belt drive is given by
E = oh®
T,

— 23 1og (EJ =u-0
T

where p= coefficient of friction between the belt and the
pulley

0 = angle of contact in radians
Material used for flat belt is generally leather of various
types having ultimate tensile strength between 4.5 to 7 N
per cm width. For heavy duty, two or three piles of leather
are cemented and pressed one above the other such belts
are called double or triple ply belts.

(b) V-belts: Fig. shows the cross section of the V-belts. V-belts
are available in five sections designed A, B, C, D, and E and
there are used in order of increasing loads. Section A is
used for light loads only and section E is used for heavy
duty machines. The angle of V-belt for all sections is about
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40°. In order to increase the power output, several V-belts
may be operated side by side. In multiple V-belt drive, all the
belts should stretch at the same rate so that the load is
equally divided between them. If one of the set of belts
break, the entire set should be replaced at the same time.
The groove angle in the pulley for running the belt is
between 40°to 60°. Due to reduced slipping, V-belts offer a
more positive drive. V-belt drives run quietly at high speeds
and are capable of absorbing high shock.

Red

Fig. V-belt
The ratio of driving tension for the V-belt driveiis given by
E _ e(p cosec [3) 0
T,

= 23log [EJ =u-0-cosecf
T,

where B = Semi-angle ofthe groove

0 = Angle of contact in radians
V-belts are usually made of cotton fabric, cardsa

(¢c) Circular belts: The cross sectionofa circular belt 1
in Fig. The circular belts are known.as belts.
These are employed when‘v p-ower.mﬁ) bedtransmitted,
for example in house hold appliances, tableitop*tools and
machinery of the clothing. Round belts.are made of leather,
canvas and rubber.

4 N

Fig. Ciréular Belt

The ratio of driving tensiens in round belts and rope drive
is same as V-belt drive.

Length of Belt
In an open belt drivessystem the length of the belt is given by

2
(n—1)
X

L = TE(T]+T2)+ +2x

where r; andr, are radii of the two pulleys
x = distance between the centres of two pulleys
In a crossed belt drive the length of the belt is given by

2
L = Grn)" oy
X

(1) +1y)+

When the belt passes from the slack side to the tight side a certain

portion of the belt extends and when the belt passes from the
tight to slack side the belt contracts. Due to these changes in
length, there is relative motion (called creep) between the belt
and pulley surfaces. Creep reduces the velocity of the belt drive
system like slip do.

Centrifugal Tension

The centrifugal tension (T,) is given by
T, = mV?
m = Mass per unit length of the belt
V = Linear velocity of the belt

The power transmitted can be calculated as below:

The total tension on the tight side=T, + T,

The total tension on the slack side=T, + T,

.. Power Transmitted =[(T; + T — (T, + TV

=(T\-Ty V

Which is equal to the value of power transmitted given by effective
turning force (T; — T,), that is the centrifugal tension has no

where

effect on the power transmitted.

The maximum power-transmitted by the belt is given by the

maximum total tension in the tight s1de of the belt when it is three

times the centrifugal tension. y
T= 3T,

—
power transmitted is given by

. @ Welocity Ratio

The,velocityratio of speeds of driver and driven pulleys is given

by,
@, N, d+t [ S
o N, d,+t 100
where  d;, d, = diameters of driver and driven pulleys
oy, @, = angular velocities of driver and driven pulleys
N, N, = rotational speeds of driver and driven pulleys
expressed in revoluations per minute (r.p.m.)
S =8§;+S,+0.01S;S, is percentage of total
effective slip
S; = Percentage slip between driver and the belt
S, = Percentage slip between belt and the follower
(drivenpulleys)
GEARS AND GEARDRIVE

A wheel with teeth on its periphery is known as gear. The gears
are used to transmit power from one shaft to another when the
shafts are at a small distance apart.

Types of Gears

Commonly used gear are as below:

(a) Spur gear: A cylindrical gear whose tooth traces are straight
lines parallel to the gear axis. These are used for transmitting
motion between two shafts whose axis are parallel and
coplanar.

(b) Helical gear: A cylindrical gear whose tooth traces are
straight helices, teeth are inclined at an angle to the gear
axis. Double helical gears called herringbone gears. The
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helical gears are used in automobile gear boxes and in steam
and gas turbines for speed reduction. The herringbone gears
are used in machinery where large power is transmitted at
low speeds.

(c) Bevel gear: The bevel gear wheels conform to the frusta of
cones having a common vertex,tooth traces are straight line
generators of the cone. Bevel gears are used to connect
two shafts whose axis are coplanar but intersecting when
the shafts are at right angles and the wheels equal in size,
the bevel gears are called mitre gears. When the bevel gears
have their teeth inclined to the face of the bevel, they are
known as helical bevel gears.

Fig. : Bevel gear
(d) Spiral gear: These are identical to helical gears with the
difference that these gears have a point contact rather than
a line contact. These gears are used to connect intersectin
and coplanar shafts.
(e) Worm gear: The system consists of a worm
ofa screw. The warm meshes with the'teett

Fig. : Worm gear
(f) Rack and pinion: Rack is a stralght line spur gear of infinite
diameter. It meshes,both mternald'y and externally, with a
circular wheel called pinion. Rack and pinion is used to
convert linear motion intorotary motion and vice versa.

Pinion

Rack

Fig. : Rack and pinion
(g) Internal and external gearing: Two gears on parallel shaft
may gear either externally or internally as shown in Fig.

Annular
Spur wheel
gear : ;: Pinion
< Rack
Pinion
Pinion
(a) (b) (c)
Fig.

Gear Terminology

Terms associated with profile of a gear tooth are illustrated in
Fig.

Pitch circle: Essentially an imaginary circle which by purerolling
action gives the same motion as the actual gear.

Pressure angle or angle of obliquity: Angle between the common
normaltotwo gear teeth at the pointof contactand the common
tangent at the pitch point (common point of contact between two
pitch circles)Itiis usually denotedsby ﬂ_) The standard pressure

o

anglesare 14 —

Working
depth
Pitch

< circle

—
o \)ed 2080 \Tooth space_'_ _—
earance -
or workine Clearance Circular pitch Tooth thickness
i<

Depth circle

Root or
dedendum
circle
Fig.
Dedendum: Radial distance of a tooth from the pitch circle to the
bottom of the tooth.

Addendum circle: Circle drawn through the top of the teeth and
is-eoncentrie with-thepitch-circle.

Dedendum circle: Circle drawn through the bottom of the teeth.
It is also called root circle.
Root circle diameter = Pitch circle diameter x cos ¢
where ¢ is the pressure angle.

Circular pitch: Distance measured on the circumference of the
pitch circle from a point of one tooth to the corresponding point
on the next tooth. It is denoted by P, mathematically P, can be
calculated as

nD
A
where D = Pitch circle diameter

T = Number of teeth on the wheel.
For two gears to mesh correctly their circular pitch should be
same
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_ nD, =D,
‘ T T,
D D
= 1 - 2
T T,
Velocity ratio of two meshing gears is given by
V] =T D] N]
VZ =T D2 N2
Linear speed of the two meshing gears is equal
So TCDINIZTEDzNz
N D
. N _ D
N, D,
N T
. N _
N, T

Diametral pitch: It represents the number of teeth on.a wheel per
unit of its diameter.

: . T
Diameter pitch Py= —= ol
D P,
= PC X Pd =T

Module: It represents the ratio of pitch circle diameter (in mm) to
the number of teeth.

D 1
m: —_— —
T Py
= mxPy=1 “

Recommended series of moduleS‘ Indian ﬁﬁ dards are
1,1.25,1.5,2,2.5,3,4,5,6,8,10,12, 16, and 20.

Modules of second choice are
1.125,1.375,1.75,2.25,2.75,3.5,4.5,5,5.5+7,9, 11, 14 and 18.

Total depth: Radial distance between the addendum and the
dedendum circles of gear.
Tooth depth = Addendum + dedendum

Clearance: Radial distance from t \e top ofthe tooth to the ttom
of the tooth in a me}sf . Circle passingthrough the top of
the meshing gear is Known as clearance circle. Standard value of
clearance is 0.157 m, where m is module.

Dedendum =Addendum +0.157 m=m+ 0.157m=1.157m

Working depth: Radial dlstance-from the addendum circleto the
clearance circle.
Working depth = Addendum of first gear +
Addendum of second gear

Back lash: Difference between the tooth space and tooth
thickness, measutedralong the pitch circle. In actual practice
somebacklash must be allowed to prevent jamming of the teeth
due to tooth errors and thermal expansion.

Path of contact: Path traced by the point of contact of two teeth
from the begining to the end of engagement.

Length of the path of contact: Length of the common normal cut-
off by the addendum circles of the wheel and pinion.

Arc of contact: The path traced by a point on the pitch circle from
the beginning to the end of engagement of a given pair of teeth.
It consists of

(a) Arc of approach

(b) Arc of recess

Arec of approach: Portion of the path of contact from the beginning
of the engagement to the pitch point.

Arc of recess: Portion of the path of contact from the pitch point
to the end of the engagement of a pair of teeth.

Length of arc of contact
Circular Pitch

Contact Ratio =

Contact ratio is the number pairs of teeth in contact.

Length of Arc of contact: Length of the arc of contact can be
calculated as

Length of path of contact

Length of Arc of contact =
cos ¢

where ¢ is pressure angle

Interference: The phenomenon, when the'tip of a tooth under
cuts the root on itssmating gear. It may only be avoided, if the
addendum circles of the two mating gears cut the common tangent
to the base circles between the poi?u’s of tangency.

Law-of gearing: According té*the law of gearing, the common

normal at.th€'point of; een a pair of teeth must always
pass %:.ough the ;@ oint, *
ear Trains vy

y combine%il% gear wheels by means of which power and
tion 1s transmitted from one shaft to another is known as gear
train. Various types of gear train are
1. \Simplegear train: A gear train in which each shaft carries
one wheel only. Fig. shows the arrangement of a simple gear
train.

Driven
or follower

Driver

Fig. : Simple gear train

Velhcity Tatio 2 Speed of the driving wheel

Speed of the driven wheel

no. of teeth on the driven wheel

no. of teeth on the driving wheel

NN NN L L LT
N, N, N3 N, ' T, T, T
N4_Tl
N, T,

Compound gear train: A compound gear train includes two
gears mounted on the same shaft as shown in Fig.

Train value =
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Driver

Compound gears

Driven or
follower
L
AT I 2
J .
SInnnmmg
{,]Q
ST 6
d

Fig. : Compound gear train
|

Velocity ratio = NNy X Ny x Ns _TxTyxTg

Ng Np Ny Ng  TyxT3xTs
Reverted gear train: Areverted gear train manifests when
the first driving gear and the last driven gear are on the same
axis. Axes are coincidental and coaxial. Fig. shows an
arrangement of the reverted gear train.
If Dy, D,, D3, D, be the pitch circle diameters of the respective
gears and corresponding speeds are Ny, N,, N3, Ny then

D, +D, :D3+D4

2 2
il Dl + D2 = D3 + D4
A N, T, xT
Velocity ratio= —L = 2% 4
N, T xTy

Co-axial ||||||||| ‘
shafts \
" q

Fig. : Reverted gear.train

In a clock mechanism a reverted gearitrain.is used to connect
hour hand to minute hand in‘a-clock mechanism.

Eplcycllc gear train: A spemal type of gear train in which
axis of rotation of one.or more of the wheels is carried on an
arm and this arm isfree to rotate about the axis of rotation of
one or the other gears.in the train. Fig. shows an arrangement
of'an epicyclicigear train.

Fig. : Epicyclic gear train

. . N T
Velocity Ratio —2 =1+ —A-
Ne Tg

S’

FLY WHEEL

A wheel used in machines to control the speed variations caused
by the fluctuation of the engine turning moment during each
cycle of operation. These wheels are known as flywheel. It absorbs
energy when crank turning moment is greater than resisting
moment and gives energy when turning moment is less than
resisting moment. The speed of a flywheel increases during it
absorbs energy and decreases when it gives up energy. This way
flywheel supplies energy from the power source to the machine
at a constant rate throughout the operation.

Coefficient of fluctution of energy: Ratio of the maximum
fluctuation of energy to the work done per cycle, is called
coefficient of fluctuation of energy.

AEmax = EmaxfEmin

max

Cenergy = W

per cycle

where )

AE, .« = maximum fluctuation ofenergy

Cenetgy = coefficient of fluCtaation of energy
Coefficient of fluctuation: &p eed: Ratio of the maximum

ﬂuctuatlonyf speed t ‘& eed is called the coefficient of
ﬂuctuatlon of spee

,‘0
5 g max

Relation beétween maximum fluctution of energy AE, ., and
coefficient-of fluctuation of speed.

AEmax = I(fomcam ((Dmax - (Dmin)

® mean

= 1Omean Oy~ D) X O, e
mmean
= I('Ofnean ( O)max ]
mmean
AEMRJ (D)
also energy stored is a flywheel is given by
|s=;5
E= E IO‘)mean
2E
= Oy = - ..
from (1) and (2)
AE, .« = 2EC;
where C, = coefficient of fluctuation of speed.
GOVERNORS

The function of a governor is to regulate the mean speed of an

engine within mentioned speed limits for varying type of load

condition.

Terms Used in Governors

(a) Height of Governor: Vertical distance from the centre ofthe
ball to a point where arms intersect on the spindle axis.

(b) Equilibrium Speed: The speed at which the governor balls,
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arms etc. are in complete equilibrium and the sleeve does
not tend to move upwards or downwards.

(c) Sleeve Lift: Vertical distance with the sleeve travels because
of change in equilibrium speed.

(d) Mean Equilibrium Speed: The speed at the mean position
of the balls or sleeve.

(e) Maximum and Minimum Equilibrium Speeds: The speeds
at the maximum and minimum radius of rotation of the balls,
without tending to move either way are known as maximum
and minimum equilibrium speeds respectively. [f N; and N,
are maximum and minimum speeds then

2(N, -N;)
(N} +N,)

(f)  Sensitiveness: A governor is said to be sensitive, if its
change of speed is from no load to full load may be small a
fraction of the mean equilibrium speed as possible and the
corresponding sleeve lift may be as large as possible.

(g) Stability: If for every speed within the working range there
is a configuration of governor balls, then it is said that
governor is stable. For a stable governor, the radius of
governor balls must increase with increase in the equilibrium
speed.

(h) Hunting: Fluctuation in the speed engine continuously
above and below the mean speed is called hunting.

(i) Isochronism: A governor is isochronous provided_ the
equilibrium speed is constant for all radii of rotation of t
balls upto the working range.

()  Governor Effort: The average force required on t
to make it rise or come dow&fo iven haﬁg peed.

(k) Power of Governor: Thework'donesat sleeve fora given
percentage change in speed. Mathematically
Power = Mean effort x Lift of sleeve

Types of Governors

Different types of Governors are:

(1) Simple governor-Watt type: The simplest type a centrifugal

governor is known as watt type or watt governor. Height of
the governor is given by‘ _\’ R
4

e

N2

where N = speed of the arm and ball abeut the spindle axis.

(2) Porter governor: It is obtained-bymodifying a-Watt-governos

with a central load attached 6 thesleeve. The governor specd

increases and decreases as the sleeve moves upwards or
downwards respectiyely.

Ifhy, is the heightof porter governor (when length of arms

and links are equal).
and h,, is height'of watt’s governor then

Sensitiveness =

—

etres A

hp ~_m+M
h,, m
where m = mass of the ball
M = mass of the sleeve
(3) Hartnell governor: This is a spring controlled governor. If
Lieeve 18 the lift of the sleeve and X ompression 1S the compression
of the spring then

_ _ y
Lgiceve = Xcompression =(rp—1y) ;

where r; = Minimum radius of rotation
r, = Maximum radius of rotation
x = Length of ball arm of lever
y = Length of sleeve arm of lever
Stiffness of the spring is given by
S, =S

g=22""1
h

where S; = Spring force at minimum radius of rotation
S, = Spring force at maximum radius of rotation

BRAKES

A device which applies artificial frictional resistanee to amoving
machine member, inorder to retard or stop the motion of machine,
is known as brake.

Types of Brakes«,,

There are four types,of brakes comumonlyused listed below:
1. Shoe brake e

2. Bandand block:brake
3. Internal’éxpandi 1*
Dyna’nometers C J

ce to measure the frictional resistance.

is a brake having a
emay obtaiyp que transmitted and have power of the engine

knowing the frictional resistance. There are two types of
dynamometers,used for measuring the brake power of the engine.

1. \Absorption dynamometers: A dynamometer in which the
entire energy or power produced by the engine is absorbed
by the friction resistances of the brakes and is transformed
into heat, during process of measurement. There are two
types of absorption dynamometers.

(i) Prony brake dynamometer
(i) Rope brake dynamometer.

2. Transmission dynamometers: A dynamometer in which the
energy is not wasted in friction but is used for doing work.
The energy or power produced by the engine is transmitted
through the dynamometer to some other machines where the
power developed is suitably measured. There are three types
of transmission dynamometer
(). Epicyclic-train dynamometer
(i) | Belttransmission‘dynamometer
(111) Torsion dynamometer

CAMS

A rotating machine element which gives reciprocating or oscillating
motion to another element called follower is known as cam. These
are mainly used for inlet and exhaust values of I.C. engines, lathes
etc.
Types of Cams
1. Radial cam: A cam in which follower reciprocates or oscillates
in a direction perpendicular to the axis of the cam. Radial
cam is further classified as
(a) Reciprocating cam
(b) Tangentcam
(¢) Circular cam
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2. Cylindrical Cam: A cam in which the follower reciprocates
or oscillates in a direction parallel to the cam axis.

CAMS TERMINOLOGY

A radial cam with reciprocating roller follower is shown in Fig.

1. Base Circle: Smallest circle that can be drawn to the cam
profile.

2. Trace Point: The reference point on the follower which is
used to generate the pitch curve that varies from case to
case. For example, in case of knife edge follower, the knife
edge represents the trace point and the pitch curve
corresponds to the cam profile while in case of roller follower,
the centre of the roller represents the trace point.

3. Pressure Angle: The angle between the direction of the
follower motion and a normal to the pitch curve. Keeping
the pressure angle too large will lead to joining of
reciprocating follower.

4. Pitch Point: A point on the pitch pitch curve having the
maximum pressure angle.
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— Reciprocating roller follower

1
1
1
1
Trace point -:— Total follower travel

I ~

Maximum - N Pitch circle
1

pressure _ - ——:/

\ Cam shaft

Camyprofile

5. Pitch Circle: A circle drawn from the centre of the cam
through the pitch points.

6.  Pitch Curve: The curve generated by the trace point as the
follower moves relativeﬁo tnﬁp cam. |

7.  Prime Circle: llest circle that can be dtawn from the
centre of the cam and tangent to the pitch curve. For a roller
follower, the prime circle is larger than the base circle by the
radius of the roller while in caseofknife edge and a flat face
follower it is equal. | "

8 Liftor Stroke: The maximumtravel of follower fromvits lowest
position to the topmost‘position is called life or stroke.

9.  Angle of Ascent: Itis the angle moved by cam from the time
the follower begifs to rise till it reaches the highest point.

10.  Angle of Descent: Angle during which follower returns to
its initial position.

11.  Angle of Action: It is the total angle moved by cam from the
beginning of ascent to finish of descent.

12. Under Cutting: The situation of a Cam Profile which has an
inadequate curvature to provide correct follower movement,
is known as under cutting.

VELOCITY AND ACCELERATION OF THE FOLLOWER

(@ Tangent Cam with Reciprocating Roller Follower
In the tangent cam flanks of the cam are straight and

b)

b)

tangential to the base circle and nose circle. Tangent cams
are used for operating the inlet and exhaust values of I.C.
engines. Displacement of the follower is given by
yr = (17 + 1) (1 —cos 0) sec O
Velocity of the follower is given by
Vi = @ (r; +1,) sin O sec’ O
and acceleration of the follower is given by
ar = o (r; +1,) (2 — cos® 0) sec’ 0
where r; = Minimum value of the radius of the cam
r, = Radius of the roller follower
0 = Angle turned by the cam, from the beginning
of'the follower displacement
® = Angular velocity of the cam
Circular Arc Cam with Flat-faced Follower
In the circular arc cam the flanks of the cam connectingthe
base circle and nose are of convex circular arcs.
Displacement of the flat faced follower is given by
¥e = (R—r1y) (1—cos 6)
Velocity of the follower is given by
ve=@R <) sin 0
and acceleration of the follower is given by
af= o> (R —1,) cos 0%, )
where 'R = Radius of circtilar flank
1, =Minimum radius of the cam
. 7 0=An tarn: rough by the cam
‘, o= 1 velocity of the cam

4
LANCING __

€ main ainﬂ‘bal ancing is to remove the effects of the inertial

Base cirele
Prime ¢ire ‘k
PicBon® @
>

¢ due to'acceleration of various parts of the engine.

Balancing of rotating masses

The process of providing the second mass in order to

counter act the effect of the centrifugal force of the first

mass is called balancing of rotating masses.

m; 0)2 Iri=mj (02 %)

where © = angular speed of the shaft
m;= mass attached to rotating shaft
m, =balancing mass

In order to put the system in complete balance it has to

have

@1  Staticbalancing

(i) Dynamicbalancing

(1) Static balancing: In this balancing the net dynamic
force acting on the shaft is equal to zero.

(i) . Dynamic balancing: In this balancing the net couple
due to dynamicforces acting on the shaft is equal to
zero along with the static balancing.

If'several masses revolve in different planes then in order to

have a complete balance

Fresultant = 0

and CoupleRcsultam =0

Balancing of reciprocating masses

To eliminate the shaking force and a shaking couple is called

balancing of reciprocating masses. It is usually not practical

to eliminate shaking force and shaking couple completely,
only we can do if we can reduce them. The reciprocating
masses are only partially balanced.

Inertia force due to reciprocating parts is given by

cos 29]

n

F, =Fg=m-o’r [cose+
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where 0 = angle made by the crank.
The horizontal component of the force exerted on the crank
shaft bearing = F,, (unbalanced force)

Fu = — FI

In magnitude

Fu = FI
= F,=mo’r [cos@+ cos 2ej

n

F, = Fp+Fs

whereFp (Primary unbalanced force) = ma’r cos 0
2
Fs (Secondary unbalanced force) = m®’ r cos 29
n

Tractive Force: Unbalanced forces produced due to two cylinders
along the line of the stroke. The tractive force (Fr) in a locomotive
with two cylinders is given by
Fr = (1 -C) m? - r (cos O —sin 0)

m = mass of the reciprocating parts

o = angular velocityof crank

r = radius of crank

C = fraction of balanced reciprocating mass
Frrmax O Frpnin 0cetrs when 6 =135° or 315°

where

Frex = 2 (1-C)me’r

Frnin = -2 (1-C)mae?*r
Swaying Couple: This is the effect caused by the couple that is
produced by the unbalanced forces. This effect tends to sway
the engine alternately clock-wise and anti-clockwise. Swaying
couple is given by

Swaying couple = (1 —C) mo? r x % (cos O + sin 0)

where  a = distance between the central line of two cylinders
Swaying couple is maximum or minimum when
0 =45°0r 225°
Value of minimum and maximum swaying couple

a
=+-—— (1-C)mo’r
N

Hammer Blow: It is the maximum unbalanced force in
perpendicular direction to the line of stroke. IfPis the downward
pressure on railsand B S the balancing mass at radius b then the
value of downward pressure so that yvheels do not lift from the
rails is given by

P =BI®:
- ‘c
c s

.

EX

VSE "9

NN

1. Arotating disc of I m diameter has two eccentrlc masses of
0.5 kg each at radii of 50 mm and 60 mm atangular positions
of 0° and 150°, respectively. A balancingmass of 0.1 kg is to
be used to balance the rotor. What is the radial position“of
the balancing mass?

(a) 50mm (b): 120mm
(¢ 150mm ~“(d) 280mm
2. Thenumber of degrees freﬁdom ofaplanar 11nka§vith 8
links and 9 smj%w i e joints is (|
(@ 1 by 2 .
() 3 (d) 14
3. Match theitems in Column I and Column II.
ColumnI = Column II
P.  Higher kinematic pair_J, 1. %crubler’s equation
Q.  Lower kinematic pair® 2" Tine contact
R Quick return mechanism 3.  Euler’s equation
S.  Mobility of a linkage 4. Planar
5. Shaper
6.  Surface contact
(a) P-2,Q-6,R4,S-3 (b) P-6,Q-2,R-4,S-1
(¢) P-6,Q-2,R-5,S-3 (d) P-2,Q-6,R-5,S-1
4. Match theitems in Column I and Column II.
Column I Column I1
P.  Addendum 1. Cam
Q. Instantaneous centre 2.  Beam
of velocity
R Section modulus 3. Linkage
S.  Primecircle 4. Gear

@) P4,Q-2,R-3,S-1
(© P-3,Q-2,R-1,S4

(b) P4,Q-3,R-2,S-1
(d) P-3,Q-4,R-1,S-2

5.+ Thenumber of inversions for a slider crank mechanism is
(a) 6 (b) 5
(c) 4 d 3

6. For a four-bar linkage in toggle-position, the value of
mechanical advantage is

(a) zero (b) 05

(© 10 (d) infinite

7./ The speed of an engine varies from 210 rad/s to 190 rad/s.

Duringa cycle, the change in kinetic energy is found to be

400N-m. The inertia of the flywheel in kg-m? is

(@ 0.10 (b) 020

(¢) 030 (d) 040

8- Therotor shaft.of a large electric motor supported between
short bearings at both deflection of 1.8 mm in the middle of
the rotor. Assuming the rotor to be perfectly balanced and
supported at knife edges at both the ends, the likely critical
speed (in rpm) of the shaft is

(@) 350 (b) 705

(c) 2810 (d) 4430

9.  Which of the following statements is incorrect?

(a) Gashoff’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 remaining
two link lengths

(b) Inversions of a mechanism are created by fixing different
links one at a time

(¢) Geneva mechanism is an intermittent motion device

(d) Grubler’s criterion assumes mobility of a planar
mechanism to be one
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10. Mobility of a statically indeterminate structure is (a) 2degrees offreedom  (b) 3 degrees of freedom
(a <-1 (b) zero (¢c) 4degrees of freedom  (d) 6 degrees of freedom
© 1 d =2 18. If the ratio of the length of connecting rod to the crank

11.

12.

13.

14.

15.

16.

17.

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

O

@ -1 (b) zero

(© 1 @ 2

A circular object of radius 7 rolls without slipping on a
horizontal level floor with the centre having velocity V. The
velocity at the point of contact between the object and the
floor is

(@) zero

(b) Vin the direction of motion

(c) Vopposite to the direction of motion
(d) Vverticallyupward from the floor

For the given statements:

I Matingspur gear teeth is an example of higher pair.
II.  Arevolute joint is an example of lower pair.
Indicate the correct answer.

(a) BothIandII are false

(b) Iistrueand Il is false

(c) [lisfalseandIlistrue _4 “
(d) Both I and II are true ‘ = g

In a mechanism, the fixed instantaneous eentres-are those
centres which

(a) Remain in the same place for. all configuration of
mechanism

(b) Large with configuration.of mechanism

(c) Moves as the mechanism moves, but joints are of
permanent nature \’ ; i

(d) None of th 4 q

Maximum fl tion f energy is the .

(2) Ratio of maximum and minimum energies

(b) sum of maximum and minimum energies

(c) Difference of maximum-andiminimum encrgies

(d) Difference of maximufn and‘minimum energies from
mean value

In full depth 1/4 degree involute system, the smallest number

of teeth in a piniontwhich meshes with rack without

interference is

(@ 12 (b) 16

() 25 d 32

The two-link system, shown in the figure, is constrained to

move with planer motion. It possesses

y

19.

20.

21.

23.

24.

25.

26.

radius increases, then
(a) primaryunbalanced forces will increase
(b) primaryunbalanced forces will decrease
(c) secondary unbalanced forces will increase
(d) secondary unbalanced forces will decrease
In a cam mechanism with reciprocating roller follower, the
follower has a constant acceleration in the case of
(a) cycloidal motion
(b) simple harmonic motion
(¢) parabolic motion
(d) 3-4-5polynomial motion
A flywheel fitted in a steam engine has a mass of 800 Kg. Its
radius of gyration is 360 mm. The starting torque of engine
is 580 N-m. Find the kinetic energy offlywheel after 12
seconds?
(a) 2333kJ. . (b) .349:8kJ
(c) 487.5k] (d) None of these
In a slider-crank mechanism, the maximum acceleration of
slider is obtained whe crank is
position

(a) gatthe i K;
b) attheo centre position
) ' exactly wayposmon between the two dead.centres
(d) mnone oifgh
Ifthe roﬁﬁ’ng mass of a rim type flywheel is distributed on

" another.rim type flywheel whose mean radius is half the

mean radius of the former, then energy stored in the later at
the same speed will be

(a)” four times the first one

(b) same as the first one

(¢) one fourth of the first one

(d) oneand a halftimes the first one

What will be the number of pair of teeth in contact if arc of
contact is 31.4 mm and module is equal to 5.

(@) 3 pairs (b) 4 pairs

(¢) 2 pairs (d) 5 pairs

The distance between the parallel shaft is 1 8 mm and they
are conntected by an Oldham’s couling. The driving shaft
revalues at 160 rpm. What will be the maximum speed of
slidingthe tongue-of-the intermediate piece along its grow?
(@) 0.302m/s (b) 0.604 m/s

() 0.906 m/s (d) None of these

Two spur gears have a velocity ratio of 1/3. The driven gear
has 72 teeth of 8 mm module and rotates at 300 rpm. The
pitch line velocity will be

(a) 3.08m/s (b) 6.12mv/s

(©) 9.04m/s (d) 12.13m/s
Instantaneous centre of a body rolling with sliding on a
stationary curved surface lies

(2) at the point of contact

(b) on the common normal at the point of contact

(c) at the centre of curvature of the stationary surface
(d) Both (b)and (c)

If C; is the coefficient of speed fluctuation of a flywheel
then the ratio of ./ @mi, Will be



Theory of Machines

A-55

28.

29.

30.

31.

32.

33.

1-2€, 2-C,
@ Tioc, ® 2%c,
1+C, 2+C,
1+C g 2
© 1-c, @ 3,

A rotor supported at A and B, carries two masses as shown
in the given figure. The rotor is

-
A ]RB

A

(a) dynamicallybalanced

(b) statically balanced

(c) statically and dynamically balanced

(d) not balanced

A body of mass m and radius of gyration k is to be replaced
by two masses m; and m, located at distances 'h; and h,
from the CG of the original body:"An equivalent dynamic
system will result, if

(@ h;+hy=k (b) h*+h2=k>
(¢©) hh,=k (d) /hh, =k’

A cord is wrapped around a cylinder of radius ‘r’ and mass
‘m’ as shown in the given figure. If the cylinder is rel
from rest, velocity of the cylinder, after it has mo
a distance ‘h’ will be

@ 2gh TN eh

t J2. ¥ ﬁ(d) A\~

There are six gears A, B, C, D, E, F,ina compound train. The
number of teeths in the gears are 20, 60, 30, 80, 25 and 75
respectively. The ratio of the-angular speeds'of the driven
(F) to the driver (A) of the drivefis

1 1
@ 5, ® 3
4
© 15 @ 12
In the four-bar mechanism shown in the given figure, links
2 and 4 have equal lengths. The poir - r3will
generate a/an af 3| 4
(a) ellipse (b)
(c) approximatelystraight line
(d) circle P

A system of masses rotating in different parallel planes is in
dynamic balance if the resultant

34.

3s.

36.

37.

38.

39:

(a) force is equal to zero

(b) couple is equal to zero

(c) force and the resultant couple are both equal to zero

(d) force is numerically equal to the resultant couple, but
neither of them need necessarily be zero.

A bicycle remains stable in running through a bend because of

(a) Gyroscopic action (b) Corioliss’ acceleration

(c) Centrifugal action (d) Radius of curved path

The maximum fluctuation of energy Eg, during a cycle for a

flywheel is

(a) 1((Dzmax - mzmin)

(b) 1721 Wqy ((Dzmax - (Dzmin)

1 2
(© ElKes 7y

(d) 1KCS wzav
(where 1 = Mass moment of inertia of the flywheel

,, = Average rotational speed

K, = coefficientof fluctuation of speed)

The road rolfemshown in the given figure is being moved
over an obstacle by a pull “P’. The value of ‘P’ required will
be the minimum when it is g

)

(b) vertical
(c)' -at45° to the horizontal

(d) “perpendicular to the line CO

Two gear 20 and 40 teeth respectively are in mesh. Pressure
angle is 20°, module is 12 and line of contact on each side of
the pitch point is halfthe maximum length. What will be the
height of addendum for the gear wheel

(a) 4mm (b) 6mm

(¢) 8mm (d) 10mm

In a slider-bar mechanism, when does the connecting rod
have zero angular velocity?

(@) When crankangle=0° (b) When crank angle =90°
(¢) When crank angle =45° (d) Never

A disc-of mass m-is-attached to a spring of stiffness & as
shown.in the figure..The disc rolls without slipping on a

horizontal surface. The natural frequency of vibration of
the system is

1 |k 1 |2k
(@) \m (b) i\ m
1 [2k 1 |3k
© 2 \3m @ o\ 2m
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40.

41.

42.

43.

44.

45.

46.

For a four bar linkage in toggle position, the value of
mechanical advantage is

@ 00 (b) 05

(© 10 d) o

‘What will the normal circular pitch and axial pitch of helical
gear if circular pitch is 15 mm and helix angle is 30°

(a) 13mmand39mm

(b) 26 mmand 39 mm

(¢) 26mmand 13 mm

(d) 13mand26mm

The speed of an engine varies from 210 rad/s to rad/s. During
cycle the change in kinetic energy is found to be 400 Nm.
The inertia of the flywheel in kgm? is

(@) 0.10 (b) 0.20

() 030 (d) 040

Iffirst and last gear having teeth 30 and 50 respectively ofa
simple gear train, what will be the train value and speed
ratio gear respectively if first gear is driving gear

(@) 3/5and5/3 (b) 3/5and4/5

(¢) 5/3and3/5 (d) 4/5and3/5

The centre of gravity of the coupler link in a 4-bar mechanism
would experience

(a) noacceleration

(b) onlylinear acceleration

(c) onlyangular acceleration

(d) both linear and angular accelerations

In a four-bar linkage, S denotes the shortest linkile
the longest link length, P and Q ag€the lengths
links. At least one of the three'meving links
360°if et p

(@ S+L<P+Q (b) S+LEP+Q

(c) S+P<SL+Q (d S+P>L+Q

An involute pinion and gear are in mesh. If both have the
same size of addendum, then-there will be an interference
between the )

(a) tip of the gear teeth and flank of pinion

(b) tip of the pinion and flank of gear

(c) flanks of both gear and pinion

(d) tip of both gear and pinion.

h,

tate by

-
4 ‘Y
PR )

47.

48.

49.

O

’!‘

50.

ABCD is a four-bar mechanism in which AB=30 cm and CD
=45 cm. AB and CD are both perpendicular to fixed link AD,
as shown in the figure. If velocity of B at this condition is V,
then velocity of C is

C
B
45¢cm
30cm
A D
3
@ V ® 3V
9 2
v -V
© - @ 3
The transmission.angle is maximum when-the crank angle
with the fixed'link is
(@ (b). %0°
() 180° (@ 270°
In the given figurey ABED. is a four-barmechanism. At the
instantshown, e vertical and BC is horizontal.
B is shorte by 30 cm, AB is rotating at 5 rad/s
dCDisro

ng ayZ rad/s. The length of AB is

o
) ¢

(@) 10cm (b) 20cm

(¢) 30cm (d) 50cm

A link OP is 0.5 m long and rotate about point O. It has a
slider at permit B. Centripetal acceleration of P relative to O
is 8 m/sec?. The sliding velocity of slider relative to P is2m/
sec. The magnitude of Coriolis component of acceleration
is

(@) 16 m/sec’
(c) 32m/sec?

(b) 8 m/sec’
(d) Data insufficient

ANSWER KEY
1 (c) 11 (c) 21 (a) 31 (a) 41 (d)
2 (c) 12 (a) 22 (c) 32 (a) 42 (a)
3 (d) 13 (d) 23 (c) 33 (c) 43 (a)
4 (b) 14 (a) 24 (a) 34 (c) 44 (d)
5 (c) 15 (c) 25 (c) 35 (d) 45 (a)
6 (d) 16 (d) 26 (d) 36 (c) 46 (a)
7 (a) 17 (a) 27 (d) 37 (c) 47 (b)
8 (b) 18 (d) 28 () 38 (b) 48 (c)
9 (a) 19 (c) 29 (c) 39 (c) 49 (b)
10 (d) 20 (a) 30 () 40 (d) 50 (a)
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mmmmmp  HINTS & EXPLANATIONS

III1

1. ()

2. (o)
5. ()
6. @

Since, all the masses lie in the single plane of the disc.
So, we have a force polygon.

I
Let o be angular velocity of disc
F=mr,e’.=0.5%0.05x 0?=0.025’N
F, =m,r,0?.=0.5 % 0.06 X o’ = 0.030@*N
Ifr is the radial position of balancing mass 0.1 kg, so

r=mr@*=0.1 ro? N
From the above force polygon,

it o X

R= \/Ff +F; +2F F, cos 150°

_ (0.0250)2 )2 +(o.o3o o )2 +2

%0025, 0.030 & x (~0:860)

= 0.015033 0%

Now 0.1t =0.015033 o?.

= r=0.150m = r=150mm

According to Grubler’s eriterion; the number of degrees
of freedom of a mechahisnmis given by
F=3n-1)-2j-h=3@8-1)-2x9-0=21-18=3
For a 4-bar chain/mechanism like slider-crank
mechanismy there are as number of inversions as the
number ofllinks or bars. These different inversions are
obtained by fixing different links one at a item for one
inversion.

Hence, number of inversions for a slider-crank
mechanism will be four.

Load to be lifted

Mechanical advantage = W

Output force
"~ Input force

@

b)

For a four bar linkage in toggle position
Effort=0
Mechanical advantage = oo
For flywheel which controls the fluctuations in speed
during a cycle at constant output load,

1
AE = 5I(m% —m%)

— 400= %.1(2102 —1902)

= 1=0.1kg-m2
The critical or whirling speed of centrally loaded shaft
between two bearings

o
O =] BI 2tad/s
y 0.00
g
2nNc:é |
i

60
= NgI06 ~ 705mpm
A ing to Grsashoft’s rule for a planar crank-rocker
four bar mechanism, the sum of lengths of shortest
and longest links should be less than the sum of lengths
of other two remaining links.
So, statement (a) is incorrect and rest are correct.
The mobility or degrees of freedom of a plane structure
is the number of inputs (i. e., number of independent
coordinates required to determine the configuration
or position of all the links of the mechanism w.r.t. fixed
link. It is determined by Grubler’s equation as
F=3@m-1) =2j—h
where F = degrees of freedom or movability of
mechanism
n = number of links
Jj=number of lower pairs
h = numbers of higher pairs
Now, a 5-bar chain is the simplest statically
indeterminate structure in which link 1 is fixed as shown.
Hence to-specify the position of all links, two
coordinates 0, and 0, are required. So two inputs are
required to give a unique output. So, F = 2 or the
mobilityis 2.

Similarly, for 6-bar or more chains, F>2
Hence, for a statically indeterminate structures,
Mobility >2
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1. (© P _ Q 18. () Fp="Primaryunbalanced force = mro’cos’
F, = Secondary unbalanced force
2
=0 0520 (n = i)
n r
19. (c) For uniform acceleration and retardation the velocity
of the follower must change at a constant rate and
hence the velocity diagram of the follower consists of
sloping straight lines. The velocity diagram represents
F=3n—-1)+2f, —,=3(5-1)-2x5-1 everywhere the slope of the displacement diagram, the
—12-10-1=1 . . latter must be curve whose slope changes at a constant
12. (@) Aswe know that, velocity at point of contact between . . .
object and floor will be oR. While, radius ‘R’ will be rate. Hence the displacement diagram consists of
. . double parabola.
equal to zero an instantaneous centre is situated at the
intersection point of object (radius ‘7’) and floor. 20. @) o- T - 580 559 rad/s?
14. (a) Type of instantaneous centres: mk”  800x(0.36)
(a) Fixed instantaneous centres o = +at =0 +5.59% 12= 6708 rd/s
(b) Permanent instantaneous centres S T '
(c) Neither fixed nor permanent instantaneous centres 1 -.‘2
(a) Fixed instantaneous centre: KE= Emk - E X 800 x(0:36)"% (67.08)°
Theyremains in the same place for all configuration of 733270 N=2333 kJ F
the mechanism.
(b) Permanentinstantaneous centres : 21
They move when the mechanism move, but the joints
are of permanent mature.
(c) Neither fixed nor permanent instantaneous ¢
They vary with the configuration of the
15. (c¢) The fluctuation of energy m
turning moment diagram.£o
operation. The differe. f = e ( cos0 41528 29)
minimum energies is known as maximum fluctuation p 1@ n
of energy. At IDC 0=0
. AE=Maximum energy — Minimum energy
16. (d) The minimum number oftecth on apinion is found on Cf—re? (1 +1J
the basis of consideration of avoiding interference. o pTro n
In case of 144° involute system, the minimum number o
of'teeth in a pinion <»1;"7:hymeshes with rack * AtBEe, O SR
02 - e - l)
' S Y A st
17. @ vy 22. (c¢) Energystored in flywheel is dependent on moment of
A inertia given by :
[ I'=(W/g)k?
R o where’k = radius of gyration
In case of rim type of flywheel,
higher | /—> Jink 2 ' = radius of flywheel.
pair \y
Since, k'= —
= link 1
23. (¢) Arcofcontact=31.4mm
Module (m) =5
= Circular pitth=nm =5=n
Q o Arc of contact
Kutzbach criterion for movability of a mechanism . . co
Number of degree of freedom = Z?El -1)-2j—h , So, No. of pair of teeth in contact = Circular pitch

=32-1)-2x0-1
=3_1=2 _ 314
Hence, it possesses 2 degree of freedom. Y

=2 pairs.
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2rN 2xmx160
60 60

maximum velocity of sliding = x d
=16.75x0.018 =0.302 m/s

24, (@ o= =16.75rad/s

25. (¢) T,=72
VR=+
3
N, =300rpm
N _T 1
N, T, 3
LRRE
T, 3
Pitch line velocity = w,r; or wor,
2
= 27N, % ~ 2mx300x 2T
= 542867 mm/min =9.04 m/s
26. (d) Theposition ofthe instantaneous centre changes with

the motion of the body. Instantaneous centre of a body
rolling with sliding on a stationary curved surface lies
(i) on the common normal at the point of contact, and
also
(ii) at the centre of curvature of the stationary surface
27. (d) Weknow that coefficient of fluctuation of
is
(e

min
(Dmax i('om'm
2

Cs

or, CS Omax + CS(Dmin =2 Omax — 2(Dmin

O 2+C

max

O 2—Cy

min

Static balance is ~.1'1Lce of forces due fo tﬁction
of gravity. tm‘i ’ q
Consider,‘i;id .tor with the shaft laid on horizontal
parallel ways. if it is in static balance;the shaft will not
on the ways whatever may be the-angular position of
the rotor. For this to happen, the-centre of gravity of
the system of massesimustdic at the.axis.of rotation.of
the shaft. For the.centre of gravity to be at the axis of
the shaft, the horizontal and vertical moments of the
rotors must‘be equal to zero

YW, sin =0, YW, cos =0

The above equations are also true with the dynamic
balance of the inertia forces. Thus if the conditions for
the dynamic balance are met, the conditions for static
balance are also met.

28. (0)

29. (c¢) Fordynamicallyequivalent
m; +m2:m (1)

(i)
(i)

m;h; =myh,

2 2 _ 2
mh; +m,h; =mk

From the equations (ii) and (iii); we get
mh} +(m,h,)xh, = mk’

me
m;= h,(h, +h,) ..(iii)
From the equations (i) and (ii) we get
mlhl
m, + =m
hZ
mh, ]
m;= h, +h, ...(1v)

From equations (iii) and (iv)

mk®  mh,
h,(h,+h,) (h,+h,)
k2 — h1h2

Since cylinder-falls freely under effect of gravity, it
follows basic law of motion and

30. (a)

31. (10 ds'of F to A

3025 _L
O0x80x75 24

peing rigidly connected to point 3, will trace
ame path as point 3, i.e. ellipse.

(c)~A system of masses rotating in different parallel planes
is/in dynamic balance if the resultant force and the
resultant couple are both to zero. This is known as
dynamic balancing.

A bicycle remains stable in running through a bond
because of centrifugal action.

34 (0)

35. @

max min

1
Ae  =—l(0’ -
max 2 ( )

1
N El(mmax + (Dmin) ((Dmax - ('omin) s 1 ('Oav K CS X wav

emax = lmiv CS
36. (c¢) From the figure, it shows that the value of ‘P’ required
will be minimum when it is at 452 to the horizontal. This

can be solved by resolution of forces.

_mT _ 40x12
2 2

37. ¢) R =240mm

Cmt 20x12
=5 2

$=‘/RZ —R?cos’ p —Rsind

120xsin20

— -
R,=248 mm

addendum =248 - 240 =8 mm

JR? —(240 05 20)> —2405in 20
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_ mcosO . T 30 _
38. b 9= m 43. (a) Train values= T, 50 5
Ifnisl _ ©eosh Speed t'—;=§
n is large o, = peed ratio=— =~ ~ =73
Angular velocity is maximum at 6 =0, 180° 44. (d) The centre of gravity of the coupler link in a 4 bar
Angular velocity is zero at 0 =90° mechanism would experience both linear and angular
' accelerations.
39. (o) % ; 45. (a) Accordingto Grashof’s law for a four bar mechanism.
7 /f/ The sum of shortest and longest link lengths should
; \ not be greater than the sum of the remaining two link
b v ke length.
' } ie. S+L<P+Q
46. (a) An involve pinion and gear in mesh. If both have the
same size of addendum, then there will‘beinterference
between the tip of the gear teeth and blank of renion.
Taking moments about instantaneous centre ‘A’ This is a phenomenon of interference.
I b4 (kx) r =0 47. () We knomkhati, Vp=V,CD=45cm,AB=30cm
.. V, Veo W.CD ]
= (Ip+md)d+kx@n)r =0 Vorm, % _ W 1L "Gy
Veu Vg W.AB “34B
1
= (Emrz +mr2je+k(er2)=o
A kr’
= 5 90 45 3 3 %
—mr — =V x—==V .
B 30 2 2
.. 3
= 0 +&9=0 2. Velocityof C= -V,
3m gy~ 2
48..(c) Thetransmission angle is maximum when crank angle
i 1 2k with fixed link is 180°.
" 27\ 3m The transmission angle is minimum when crank angle
40. (d) Intoggleposition, for a four bar linkage, the mechanical with fixed thk is0° )
advantage will be infinity The transmission angle is optimum when crank angle
41. (d) ¢ = 30° ~ B w1th_ﬁxed link is 90°.
Normal circular pitch =circular pitch x-coso O Cha AB +30cm
@ o_ ‘ q Rotation of AB, ®; = 5 rad/s
5% cos 30° = 13.mm .
N Rotation of CD, ®, =2 rad/s
Axial pitch 3 Circular pitch " "15" 15 So, ®;AB=®,CD
e T an300 . han 30° 3 SAB=2(AB+30)
= W= 26Tm; LB - o P
L ¥ 50. (a) ag=r10’
42. (@ Weknow that AN W NN R R ST, N UL S el St W (Al
’=16

AE = %1(0)12 202) = 400:%{(210)2—(190)2]

= 400=4001
1=0.1 kg-m*

® =4 rad/sec
Coridis component of acceleration = 2mv
=2x4x2=16m/s’



CHAPTER

A machine which is more economical in the overall cost of

production and operation is called a new or better machine.

Machine design deals with the creation of new and better machine

and also improving the existing machines. Metals

selected to design an element of a machine has some mechanical

properties associated with the ability of the material to resist

mechanical forces and load. These mechanical propertics.are listed

below:

(a) Elasticity: Property of a material to regain its original shape
after deformation whenthe external forces are removed.

(b) Plasticity: Property of a material which retains the
deformation produced under load permanently.

(c) Ductility: Property of a material enabling it to be drawn into
wire with the application ofa tensile force.

(d) Brittleness: The property of breaking of a materialswith little
permanent distortion.

(e) Malleability: A special case of.ductility which
materials to be rolled or hammetedinto thinss

(f) Toughness: The property o aterialo resist fracture due
to high impact loads like hammer blows.

The commonly used materials in engineering practice are the

ferrous metals which have iron as their main constituent. Various

types of ferrous metals are shown in Fig.

Ferrous metals

Cast iron Wrought SteelJ Alloy steel
iron
Bri i1 | | et
(3-3.5% carbon) steel

(upto 0.15% carbon)

White cast iron - =

(1.75-2.3% carbon) "€ Pa i o

Mottled cast iron

mild'steel
(0.15%-0.45%) carbon

(o the hole size.

(It is a product between
grey and white castdron in
composition, coleur and general

— Medium carbon
Steel
(0.45%-0.8% carbon)

properties)

->|Malleable cast iron |
(Cast iron alloy which solidifies
in the as-cast condition in a
graphite free structure) T

— High carbon Steel
(0.8% - 1.5% Carbon)

HEAT TREATMENT OF STEELS

A combination of operations involving the heating and cooling
of metal or an alloy in the solid state for the purpose of obtaining
certain desirable conditions or properties without change in

DESIGN

chemical composition. There are various commonly employed
heat treatment processes in engineering practice such as

(i) Normalising (i) Annealing

(iii) Spheroidising (iv) Hardening

(v) Tempering

(vi) Surface hardening or case hardening

BASIS OF LIMITESYSTEM

In order to contrel the size of finished part with due allowance for
error for interchangeable parts i§ called limit system. There are

generally two basisof limit
(2) Hole basis systelé em the hole is keptas a constant

mber and fits are obtained by varying the shaft

size.
® Shaft basi ’ﬁtem In this system the shaft is keptas a

constant member and different fits are obtained by varying

Standard:- tolerances

The system of limits and fits comprise of 18 grades of fundamental
tolerances according to the Indian standards. These are ITO1, ITQ
andIT1 ... IT16, these are called standard tolerances.

Standard tolerance can be determined in terms of standard
tolerance unit (i) microns by using the relation

i= 0.453D +0.001D for grades ITS to IT7.
And for the grades ITO1, ITO and IT1 as below

ForITOI, 1 (microns) = 0.3 +0.008D
For ITO, i(microns)=0.5+0.012D
ForIT1, i(microns)=0.8.0.020D

where Dis/the size.ordiameter in mm.

STATIC LOADING AND DYNAMIC LOADING

(a) Static loading: A type of loading in which the load is applied
slowly or increases from nil to a higher value at a slow pace.
There are no acceleration produced in the static loading.

(b) Dynamic loading: A type of loading which varies in magnitude
as well as direction, very frequently, such type of loading is
called dynamic loading or fluctuating or alternating loads.

STRESS AND STRAIN

(2) Stress: Resistive force per unit area to the external force on
a body, set up within the body is called stress on that body.

(b) Strain: Deformation produced per unit length of a body is
called strain.
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Types of stresses

Stresses are classified as

(1) Tensile stress: If a body is subjected to two equal and
opposite external pulls, then the stress developed inside the
body is called tensile stress

o= —

A

where P, = Axial tensile force in N

A = Area of cross-section of the body in mm?

o, = Tensile stress in N/mm?
the strain produced can be calculated as

where 8/ = change in the length of the bodyorincrease
in length

[/ = original length of the body

e = tensile strain produced

(i) Compressive stress: If the body is subjected to two equal
and opposite/pushes then the stress developed is called
compressive stress.

Pc

o P
B A

oc = compressiv#ryn N/@n
P = compressive force

A = area of cross-section of the body in mm
Compressive strain is given by

R

where

2

ol
e = e—_—
/
. A~
where 0l = decrease in length of the body
Hook’s law: Hook’s 1 staes that when a material is.l aded
within elastic limitﬁre‘ is directly propertional to strain
Gxe
or c=Ee
where o = stress —
e =strain | S04 oY

)
E = Young’s modulus or modulus of elasticity

S.I. unit of E is'N/mm?, Hook’s law applies to both tension and

compression.

(ii)) Direct shear stress: When a body is subjected to two equal
and opposite forces, acting tangentially across the resisting
section, as a result of which the body tends to shear off the
section, then the stress induced is called shear stress. The
strain occured due to the shear stress is called shear strain.
Let us consider the two plates held together by means of a
rivet as shown in Fig.

(b)

1t = direct shear stress in N/mm?
Pg,= shear force across the cross-section in N
A = cross-sectional area in-mm?
If the rivet isisubjected to @ double shear then shear induced
is

where

Ihl) is the deﬁc&ijlo}pmduced due to shear stress t then

o),

where C is called modulus of rigidity.

(iv) Torsional shear stress: When a body is subjected to two
equalrand opposite torques or torsional moments acting in
parallel planes, the body is said to be in torsion, and the
stress produced due to torsion is called torsional shear stress.
Let us consider a body of circular cross-section subjected to
torque T, which produces a twist of an angle 0 radians as
shown in Fig.

T 0 1
The torsional shear stress induced at a distance r from the
centre is given by

i G
Ttorsion — I
P
where
Tiorsion = torsional shear stress a distance r in N/mm?

T = applied torque
r = radial distance
Ip = polar moment of inertia of cross-section
about centroidal axis.

Torsion equation: The shear stress is zero at the centroidal axis of
the shaft and maximum at the outer surface. The maximum shear
stress at the outer surface of the shaft may be obtained by the
equation known as torsion equation given as
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where C = modulus of rigidity
0 = angle of twist in radians
| = length of the cylindrical body
(v) Bending stress: When a body is subjected to a transverse
load, it produces tensile as well as compressive stresses, as
shown in Fig.
The bending equation for beams in simple bending is given

by

where
& = bending stress in N/m?
M = bending moment in Nm
y = distance of the extreme fibre from the
neutral axis
[ = rectangular moment of inertia about the
neutral axis in m*
E = modulus of elasticity
R = radius of curvature of the neutral axis
O

Neutral axis

B |

M

OX— =0XZ%Z
YA .
where z is known as moi lu of section. X

(vi) Bearing stresx i g stress Alocalised compressive
stress at the's e of'contact between two.members that
are relatively at rest is’ known as bearing stress or crushing
stress. Let us consider a riveted joint as'shown in Fig.

> B oY
&

N
AN
>

The stress at the surface of contact between the rivet and
the plate is given by

P
G OF Gy =
t-n
where d = diameter of the rivet

t = thickness of the plate
d-t = projected area of the rivet
n = no. of rivets per pitch length in bearing or
crushing.

The bearing stress is taken into account in case of riveted
joints, cotter joints, knuckle joints etc.
Bearing Pressure: Bearing pressure is localised compressive
stress at the area of contact between two components which
have relative motion amongst themselves. It is calculated similarly
as we did bearing stress. Let us consider a journal supported in a
bearing as shown in Fig.
Average bearing pressure is given by

poP_P
A Id

where P is load along the radius of the journal
[ = length of journal in contact
d = diameter of the journal
[-d = projected area is contact

W” fixed bearing
I 74
/ Rotating

" g journal

.
el

Y

Stress. ( Concentl&g

gularityin th Mlstrlbutlon caused by the abruptchange
the shape (pﬂs section of a machine component is called'stress
centration. It occurs for all kinds of stresses in the presence
of filters; notches, holes, keyways, splines, surface roughness or
scratches etc.
Stress concentration factor: A factor used to associate the
maximum stress at the discontinuities of cross-section to the
nominal stress is called stress concentration factor.

where K, = stress concentration factor
Omax = Maximum stress at the discontinuity

op = nominal stress at the same point
Stress concentration factor is also known as theoretical or form
stress concentration factor.
In practical the actual effect of stress concentration is lesser than
that calculated by theoretical stress concentration factor, so in
actual practice we use fatigue stress concentration factor

denoted by K¢ which is given by

K = —maxacual
O
where
Omax, actual = Actual maximum stress at notch or
discontinuity
K¢ < K¢

Notch sensitivity: Notch sensitivity is calculated by using the
relation
Increase in actul stress
K¢ -1 _ over nominal value
K, -1

q= : -
Increase in theoretical stress

over nominal value
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Theories of Failure under the Static Load

There are mainly 5 principle theories of failure for a member

subjected to biaxial stress, listed below:

(@) Maximum principal or normal stress theory (Rankin’s
Theory): According to this theory, the failure or yielding
occurs at a point in a member when the maximum principal
or normal stress in a bi-axial stress system reaches the
limiting strength of the material in a simple tension test:
Failure occurs when

Omax ~ Olimiting

(b) Maximum shear stress theory (Guest’s theory): According
to this theory failure or yielding occurs at a point in a member
when

Tmax = Tyield at that point

(c) Maximum principal strain theory (Saint Venant’s theory):
According to this theory, the failure or yielding occurs at a
point in a member when

€max = Climiting or yield at that pOint-
where e = Strain

(d) Maximum strain energy theory (Haigh’s theory): According
to this theory, the failure or yielding occurs at a point in a
member when

S.E. y S'E'yield

V v

where S.E. = Strain energy
V = Volume
(¢) Maximumdistortion energy theiog(Hencky | Ses
theory): According to thideog{, thﬂﬁlure oryielding

occurs at a point in a member when

Shear Stress Energy _ Shear Strain Energy at Yield Point

treig

ig\ues

where

\% \Y
V = Volume

Fatigue and Indurance Limi \.

A type of failure oz;lt;al caused by the repeated stresses

below the yield point is called fatigue. Failure-is caused due to
progressive crack formation which"is very fine and is of
microscopic size. Fatigue is basicatly affected by number ofcyclic
loads, relative magnitude of static and fluectuating-loads and the
size of component.

Endurance limit: It is the maximum value of completely reversed
bending stress which ajpelished standard specimen can withstand
without fail ure, ford nfinite number of cycles (usudly 107 cycles).
Following are some empirical relations commonly used in practice.

Table
Material Empirical Relation
Steel c.=0.50,
Cast steel c.=040,
Cast iron c.=0.350,
Non-ferrous metals and alloys c.=0.30,

where o, = Endurance limit

o, = Ultimate tensile strength

S-N Diagram: A graph between the faituge strength (s) versus
stress cycle (N). With the help of this graph we measure the
endurance limit. S-N diagram is shown in Fig.

Factor of Safety

The ratio of material strength to the working or allowable stress is

called factor of safety. Factor of safety is given by

ES. = Maximum strength of the material

Design or working stress of the material

Yield point strength

E.S. ductile materials™ For static loading

Working or design stress

Ultimate strength

F~S-brittle materials — For static loading

Design or working stress

Endurance limit

Design or-working stress
“®

F~S~fatiguc loading

7 |
I

Low High cycle

Po—
cycle | . b
Fini & z [«— Infinite life '———>

s
N M
s @
-
| o+

Fat
he
)

' ' ' ' ' ' >
T T T >

10 10 10° 10° 10° 10° 16 10 10
Number of stress cyclesN ——— >

S-Ndiagram

Fatigue Failure Criteria for Fluctuating Stress

There are different theories to determine the failure points for
steel which can be represented in a graph plotted between the
mean stress (c,,) and variable stress (c,) as shown in Fig.
&
oo

Variable stress

10 Gy Gy
l

. I Tensite —»
Compressive «—I
——

Mean stress ——>

(o)
Inference corresponding to each line are shown in the table.
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Table
Method Name Mathematical Relation
1 2
Gerber Method L | %m | 4 Fs.+ 2
F.S. o, R
valid for ductile
material
1 (o
Goodman Method —="m v
FS. o, o,
1 c
Soderberg Method L Om Y
F.S. c
y e
2 2
. G (o)
Elliptic Method FS.x—L| +|FS.x—o | =1
G, o,
Omax T Omi
where Om = mean stress = —1&% 5 min

o, =ultimate stress
o,/= endurable limit for reverse loading stress

. G ax — O
o, = variable stress = —1& __—mn

2
Gy = yield point stress -
ES. = Factor of safety, .‘ _a

o

RIVET JOINTS M g™

A rivet is made of a short cylindrical bar with a head integral to it.
Reveting is common method of joining and fastening because of’
low cost, simple operation and high production rates. Based on
the way in which the plates are connected, rivet joints.can be
classified into two types of jointsdisted below.

1. "~ Lap joint: If one plate overlaps the other and the t%lates

all

are riveted together; this type of joint.is ¢ . Lap
joint, Fig. shows a crass sectional view of a lap joint.

0 T
AR

4

Lap joint'with single riveted
2. But joint: In this joint, plates are kept in a way that their
edges touch each other and a cover plate is placed either on
one side or:both sides of the main plates. Finally the cover
plate is riveted with the main plates. There are two types of
butt joint.

(2) Single strap Butt joint: In this case only one cover
plate is used above or below the main plates and then
final riveting is done.

(b) Double strap Butt joint: In this case instead of one
cover plate, two cover plates one on upper side and
other on lower side of the main plate emloyed and then
final riveting is done. Based on the number of rows of

rivets, the butt joints are classified as single or double
riveted, triple or quadruple riveted. Cross-sectional
view of the double riveted joint is shown in Fig.

NN R

Double riveted lap joint

Depending upon the relative position of the rivets of each row
riveting is divided as

@)

@

O

Chain Riveting: In this riveting, the rivets in the various
rows are opposite to each other. Cross sectional view of
chain riveting is shown in Fig.

Zig-Zig Riveting: In this case the rivets in the adjacent
rows are staggired in such a way that every rivet is in the
middle of the two rivets of the opposite row. Zig-Zig riveting
is shown in Fig.

WA

Double rivetel lap joint (zig-zig riveting)

-
| %

Important Terms used in Riveting

O

(i)
(iii)
(v)

W)
(V)

(vii)

Gage line: A line passing through the centres of row of
rivets which is parallel to the plate edge.

Pitch: It is the distance from the centre of one rivet to the
centre of the next rivet measured parallel to the seam.
Back pitch: The perpendicular distance between the centre
lines of the successive rows is known as back pitch.
Diagonal pitch: The distance between the centres of the
rivets in adjacent rows of zig-zag riveted joints is called
diagonal pitch.

Marginal pitch: The distance between the centre of rivet
hole to the nearest edge of the plate is called marginal pitch.
Caulking: A process in which, the edges of the plates are
given blows to facilitate the forcing down of the edge.
Blowing the plate with the help of caulking tool forms a
metal to metal contact point.

Fullering: A process in which a more satisfactory joint is
made by using a tool which has its thickness near the end
equal to the thickness of plate. This gives better joint with
clean finish.

Failures of Riveted Joint

Riveted joints may fail in two ways as below:

@
(i)

Failure of Plate
Failure of Rivet
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(i)  Failure of Plate: Plates of the joint can fail in two ways  where, P = Pitch of the rivets
listed below: t = Plate thickness
(@) Tearing of plates at an edge: A joint may fail due to o; = Maximum permissible tensile strength of
tearing of the plate at an edge during riveting or plate
punching. We can avoid this by keeping the margin, m WELDED JOINTS

> 1.5 d where d is rivet hole diameter in mm.

(b) Tearing of the plate across a row of rivets: The main
plate or cover plates may tear offacross a row of rivets
due to tensile stresses in the main plates. The tearing
resistance or pull required to tear off the plate per pitch
length is given by

Pi=P-d)to;
whereP; = tearing resistance

P = pitch of the rivets

d = diameter of the rivet hole

t = thickness of the plate

o; = tensile stress value permissible for the

plate material

If applied load > Py then tearing of the plate across a
row of rivets occurs.

(i) Failure of Rivets: Rivets may fail in two ways listed below. If
the plate thickness s less than 8§ mm, the diameter of rivet is
calculated by equating the shearing resistance to crushing.

(a) Shearing of the rivets: If the rivets are unable to resist
the tensile stress exerted by the plates, then they.are
sheared off, this is known as shearing of theivets.
case of lap joint and single cover buttjoint, vivets
in single shear, while in casgiof double co
rivets are subjected t(?tﬂ shea&forﬁ
The shearing resistance or pull gquired to shear off
the rivet, per pitch length is given by

— T2 .
Pssingle = 0 % i d” x 1 for single shear

Psdouble shear = 2 X PSsingle
where | n = number of rivets per pitch length
1T = safe permissible shear stress-for the rivet
q

d ﬁr:élr of'the rivet hole

(b) Crushing of the'rivets: Ifrivets get crushed off under
the tensile stress values then it is known as crushing
of the rivets. As a result thejoint becomes loose. The
crushing resistancedr pulftequiredto crushthetivet
per pitch length is'given by

P.=n-d-t. o,
where ¢, =Permissible crushing stress for the rivet or
plate material

t:= Plate thickness

n = Number of rivets per pitch length

d = diameter of the rivet hole
Efficiency of Riveted Joint

Efficiency of riveted joint is the ratio of strength of the joint to the
strength of unriveted solid plate.

_ Minimum of P,, P, and Py

Pxtxo,

A permanent joint obtained by the fusion of the edges of the two

parts to be joined together, with or withiout the application of

pressure and a filler material. There are two types of welded joints
commonly used listed below:

(a) Lap joint or Filler joint: In this joint the plates are
overlapped and then welded along the edges. The weld
filled is traingular. There are various types of lap joints like
single transverse, double transverse and parallel fillet joints.
The transverse fillet welded joints are designed for tensile
strength whereas the parallel fillet welded joints are
designed for shear strength.

Design of fillet joint: The tensile strength of a double

transverse ﬁLLeg weld shown in'Fig. is given by

Ptransvcrsc = 1414 5%l Gt

where g >
s = Legorsize of weld

I'= Length of the weld

owa ensile stress

Double transverse fillet weld
And shear strength of a double parallel fillet weld shown in
Fig. is given by
Pparallel =1414sx /%71
where T = Allowable shear stress

Double parallel fillet weld

(b) Butt Joint: In this joint plates are placed edge to edge order
and then welded. Plates are bevelled to V-shape or U-shape
if thickness of plate is more than 5 mm. The but joints are
designed for tension or compression.

Design of Butt joint: We take two cases here, single V-butt joint

and double V-butt joint and calculate the tensile strength in each

cases.

(1) Single V-butt joint: Fig. shows single V-butt joint with
thickness of the throat t.
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Single V-Butt joint
The tensile strength of the single V-Butt joint is given by
P = tx[xo;
where t = throat thickness or thickness of
thinner plate
o; = allowable tensile stress for weldment
in N/mm?
replace o, by 6, in case it is designed for compression
/ =Length of weld
(i) Double V-Butt joint: Tensile strength for doub V-butt joint
shown in Fig. is given by
P = tx/xgof
where t = 1+t
= P=(t) tt)) xIxoy
where I = length of weld = width of plates
t; = throat thickness at the top
t, = throat thickness at the bottom
c; = allowable tensile stress for weldment
in N/mm? w
B
|
v
P - —*t; ———————— —;1— - %» P
Iy BTN
Sfulﬂ‘v-gutt joint a
BOLTED JOINT .

A bolted or screwed joint'is mainly composed/ofa bolt and nut. If
the machine parts are required-to=bestcadily-connected-or,
disconnected without any damage to ghe machine, in such cases
we use bolted joints. Bolted jointshave lesser strength compared
to riveting or welding. Terms to specify the threads of a screw is
shown in Fig.

Angle of thread

Screw Thread Nomenclature
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(a) Crest: It is the top surface of the thread.

(b) Root: The bottom surface created by two adjacent flanks of
the thread is called root.

(¢) Flank: The surface joining the crest and root is known as
flank.

(d) Depth of thread: Perpendicular distance between the crest
and root is called depth of thread.

(e) Angle of thread: It is the angle included by the flanks of the
thread.

(f)  Slope of thread: Slope of thread is equal to one-half the
pitch of the thread.

(g) Pitch: The distance from a point on one thread to the
corresponding point on the next thread is called pitch.

(h) Lead: Itis the distance measured axially which screwithread

moves in one revolution
in case of single start threads
Lead = Pitch
in case of double start
Lead =2 xPitch
and in case of triple start
Lead =3 x Pitch
() Pitch diameter: Diametér at whichrthe ridges on the bolt are
in complete touch withgsidges of the eorresponding nut is
kno s pitch di etéeffective diameter.
() Major diameter: estdiameter of an external or internal
rew thread is known as major diameter. The,screw is
specified by thi%i’ilﬁleter. It is also known as outside or

nominag'@’er

Minor diameter: The smallest diameter of an external or
internal screw thread is known as minor diameter. It is also
knownjas core or root diameter.

Metric Thread

There are various forms of screw threads, metric thread is an
Indian Standard (I.S.O) thread having an included angle of 60°,
these are two types, coarse threads and fine threads. For a
particular value of diameter, coarse threads have large pitch and
lead as compared to fine threads. Coarse threads are more in
strength and chances of thread shearing and crushing is very
less. They are preferred for vibration free applications as they
offer less resistance to unscrewing. Fine threads give better
adjustment in fitment and are used where high vibrations take
place as they offer high resistance to unscrewing.

Fine threads.are.designated.as Md x P for example M50 x 5 which
indicates an isometric fine thread which has nominal diameter of
50 mm and pitch 5.

While in case of coarse threads only Md is mentioned for example
M350.

To designate tolerance grade we use the values of each tolerances
like 7 for fine grade, 8 for normal and 9 for coarse grade. For
example a bolt thread of 6 mm size of coarse pitch and with
allowance on threads and normal tolerance grade is designated
as M6-8d.

Design of Bolting Joints

While designing a bolting joint we consider following stresses.
(a) Tensile stress: This stress is developed due to stretching of
bolt. Through experiments the value of initial tension in a
bolt (P;) has been determined as
P; = (2840 d) N for a fluid tight joint
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(b)

(©

(d)

d = Nominal diameter of the bolt in mm
N = Newton
The bolts of diameter less than M16 or M 18 are not permitted
for making fluid tight joints.
In case of ordinary joint P; is given by
P; = (1420d)N
Ifthe bolt is not stressed initially, then the value of maximum
axial load that can be applied is given by
Fnax = Permissible stress x Cross-sectional area of

where

bottom of thread
ald, +d, T
where Stress area = —
4| 2
where d, = pitch diameter

d. = minor diameter
Torsional shear stress caused by the frictional resistance
of the threads during its tightening: Value of torsional shear
stress is given by

16T
n(d,)’

T = applied torque

d. = minor diameter

Shear stress across the threads: The average shear stress
across the thread of width “ b” at root is given by

P

nxd,xnxb

where

=
where n = number of threads employed inithe
engagement i .
Compression or crushing ws@l thjdds: The value of
crushing stress on threads is given by

WA YL
’ o [dz - (dc)zJ n
d = major diameter
d; = minor diameter

n = number f‘th]ieads employed durin&\gage-
& c €

When a bolt islz'l;jgct‘i to an external-load then stresses
induced are

(i) Tensile stress (ii) Shear stress (ii1) Combined tensile and
shear stress Gen

In order to determine the resultantaxial load'(P) on the bolt}
we use the equation T

where

a

P=P # xP, =P} +KP,
I'+a
where a_= Ratio of elasticity of connected parts to the
elasticity of bolt

P, = Initial tension due to tightening of the bolt
P, = External load

a

N 1+a

For soft gaskets and large bolts a is high so K =1, hence

resultant load is equal to the sum of initial tension and external
load.

KEYS

To prevent the relative motion of the shaft and the machinery part
connected to it we use a piece of mild steel called key. Keys are
temporary fastenings and are subjected to considerable crushing
and shearing stresses. Different types of keys are listed below.

@)

"‘

Sunk keys: These keys are designed in such a way that
they are half way in the key way of the hub of pulley and
half in the key way of the shaft. There are basically five
types of sunk keys listed as following:

(1) Square sunk key: A square sunk key is shown in Fig.
If d is the diameter of the shaft width of the square
sunk key is equal to d/4 and the thickness is same as
width.

-

2 8 V2
Shaft cross-section
wW=t= i
4

717 Jlength of the key / = 1.5 d

,“Square sunk key
(i) Re_st&hgular sunk key: A rectangular sunk key is

shown in Fig. The width of the key is equal to % and

thickness is equal to % .

Rectangular sunk key
(i)~ Gib-head key: Cross-sectional view of a Gib-head sunk
keyisshown-in-Fig.

15t

— w=9
s

e

where d = diameter of shaft
Gib head sunk key

(iv) Parallel sunk key: It is a taperless key and may be
rectangular or square in cross-section. It is used where
the pulley, gear or other mating piece is required to
slide along the shaft.

Feather key: A special type of parallel key which
transmits a turning moment and also permits axial
movement.
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(b) Tangent keys: These keys are fitted in pair at right angles,
each key is to withstand torsion in one direction only. Tangent
keys are used for heavy duty applications. A cross-sectional
view of a tangent key is shown in Fig.

Tangent key

(c) Saddle keys: These are taper keys fitted in key way and
designed such that it is flat on the shaft.

(d) Wood ruff keys: This key is made of a piece from a cylindrical
disc of segmental cross-section.

(e) Round keys: These keys are circular in.cross-section and are
fitted partly into the shaft and partly into the hub.

(f) Splines: When splines are integrated with the shaft which
finally fits into the keyways of the hub. These are stronger
than a single keyway.

Design of Keys
A key may fail due to shearing and crushing, it is equally stcong

where w = width of th‘eif o g
t = thickness of the key
= permissible crushing stress

T = permissible shearing stress

SHAFT COUPLING

Coupling are used to join two or more pieces of shaft to get a long
shaft. There are mainly two t ‘p s’of couplings g*
1. Rigid coupling q
2. Flexible couplin ‘
(1) Rigid coupling: These couplings are used to connect two
shafts which are perfectly aligned. Important types of rigid
coupling are .
(i) Sleeve or muff coupling- .
(i) Clamp or split muffor compression coupling
(iii) Flange coupling
(2) Flexible coupling: There are used to connect two shafts
having both lateral and angular misalignment. Important
types of flexible couplings are
(1) Bushed pin type coupling
(i) Universal coupling
(iii) Oldham coupling

SHAFTS

Shafts are used to transmit power from one place to another,
these are normally of circular cross-section. Mild steels are hot
rolled and then finished to actual size by turning, grinding or cold
drawing to manufacture shafts. Alloy steels with composition of

V'

For ahollow S
c } “
p‘"

in shearing and crushing if following condition satisfi€s.
w_0 _
t 2t ) ;

nickel, chromium and vanadium is also used to impart high
strength. The cold rolled shafts are stronger than hot rolled shafts,
but with higher residual stresses.

Types of Shafts

There can be two types of shafts

(a) Transmission shaft such as counter shafts, line shafts, over
head shafts, etc.

(b) Machine shaft such as crank shaft

Design of Shaft

Shafts are designed on the basis of

(a) Strength: On the basis of strength of the shaft material we
design a shaft considering three types of stresses induced
in the shafts.
(i) Torsional load
(i) Bendingload
(iii)) Combined torsional and being loads

(i)~ Torsional load: If the shaft is subjected:to pure torsional
load then torsional’shear stress is giveft' by

= 16—T N/m? for soTld shaft

Wherey d= ﬁ g(ermm
§ jonallmoment in N-m

5 16T xd, N/
n(d} - dj‘)
4
i3 X Txd3 1- (i\
= T=16 0 vy
where d, = outer diameter of shaft in m

d; = inner diameter of the shaft inm
(i) Bending load: When the shaft is subjected to a bending
moment only, then the value of stress induced is given by

o, = 321 for solid shaft
3
nd

where op, = bending stress
and for a hollow shaft

32M

4
Ttd?) 1- {d‘]
dO

(i) Combined loading: When a shaft is subjected to combined
twisting moment and bending moment, then the shaft is
designed on the basis of maximum normal stress theory and
maximum shear stress theroy and larger size is adopted.
According to maximum shear stress theory (Guest’s theory)
the maximum value of shear stress in the shaft is given by

= %1/ (csb)2 +47°

2
32M 16T
nd nd

Gp =

Tmax

N | —
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1
Trax = %JM2+T2
T
3
= M +T2—%rm

3
= Te = ﬂ T

16
where T, =equivalent twisting moment = 4/ M?+ T2

Now,
According to maximum normal stress theory (Rankine’s
theory the maximum normal stress in the shaft is given by

1 1 5 5
Gb(max) = EGb +E ((Sb)2 + 4‘172
ﬁB(MJﬂ/Mz +T? )}

Ob(max) =

nd?
1 M IMZ Tz _ de3
E + + . 3_26b(max)
3
M, = nd

37 X O (max)

1

where M, ='equivalent bending moment

%(MJM/Mz +T2)

(b) Design of Shafts on the basis of rigidity an
shaft of small diameter and long
deflection is expressed as

Omax < 0.75 mm/le;
also Omax < 0.06L1in
where L = distance between load and bearings in m.
These deflections are minimised by using support bearings.
If gear is mounted on the shaft then

3

f ~
where f = gear face with mm

If shaft crosses t 1 s then deflections are minimized
byusing self aligning

arings. -
SPUR GEARS

When two parallel and coplanar shafts dre connceted by gears
having teeth parallel to the axis ‘of the shaft; its arrangement-is
called spur gearing, and gearused is spur gear. While designing
spur gear it is assumed.that gear teeth should have sufficient
strength so that they domot fail under static as well as dynamic
loading.

I

Smax <

Lewis Equation

Lewis equation is used to determine the beam strength of a gear
tooth. Each tooth is considered as a cantilever beam which is
fixed at the base. The normal force acting on the tip of the gear is
resolved into radial and tangential component as shown in Fig.
The radial component induces a direct compress stress of small
value, so it is ignored. Tangential component Fris duces a bending
stress that can break the tooth.

—»Tooth Profile

AN ~~_ & Tangent to the
h a N ~~< base circle
I
I

. . M
Maximum value of bending stress = G, = Ty

where M is maximum bending moment (i.e. at BC)
M =F;xh ()

(D

from (1)

N |

h—
2
3
= ot
12
) F = G, X Ef cswbt2
12 x 6h
2

Now if circular pitch is P, then we can represent t, and h in
terms of P, as

= Kl Pc
h= K2 Pc
where K, K, are constant
_ F = Oub K;P} o,bK!P, _o,bP K}
6K P 6K, 6K,
&
Let Y= —1
6K,
F,=0o,bP.Y Lewis Equation

Y = form factor called Lewis form factor
b = width of gear face

where

o

Y for 14 1? composite and full depth involute system

— 0,124 2084
T

Y for 20° full depth involute system =0.154 — %

Y for 20° stub system =0.175 — %
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The permissible working stress (oy,) in the Lewi’s equation
depends upon the material for which, allowable static stress (G,)
may be determined. Allowable static stress is the stress at the
elastic limit of the material also known as basic stress.
Barth Formula: According to Barth formula, the permissible
working stress is given by

Gy = 0, x C,

where C, = velocity factor

4.5 .
C, = for carefully cut gears operating at
45+v

velocities upto 12.5 m/s

3 . .
= 3 for ordinary cut gears operating at
+v

velocities upto 12.5 m/s
Static Tooth Load

Beam strength or static tooth load is given by
Fg=0.bP.y=c,bmtmy

where = Flexuralendurance limit

For safety against breakage Fg > Fp

where Fpy is the dynamic tooth load which takes place due to

inaccurate tooth spacing, irregularities in profiles and tooth

deflection under the effect of load.

BEARINGS

A machine element which permits a relative'motion be

supports journal. The bearings
(a) Sliding contact bearings
(b) Rolling contact bearings

y.clasSified as

Sliding Contact Bearings

In these bearings, the sliding takes place along the surfaces of
contact between the moving element and the fixed element. These
are also known as plain bearings. ‘

According to the thickness oalayer of the lubricant between
the bearing and th ourn‘ sliding contact bearings can be
classified as
(a) Thick film bearings: Bearings in which the working surfaces

are completely separated from each other by the lubricant.

These are also called a hydredynanic lubricated bearings.
(b) Thin film bearings: In these‘bearings although lubricant is

present, the working surfaces partially contact each other

atleast part of the timexSuch type of bearings are also called
boundary lubricated bearings.

(c) Zero film bearings: Bearings which operate without any
lubricant are known as zero film bearings.

(d) Hydrostatic bearings: Bearings which can support steady
loads without any relative motion between the journal and
the bearings because there is externally pressurized lubricant
between the members.

Hydrodynamic Journal Bearing Terminology

Cross-sectional view of a hydrodynamic journal bearing is shown
in Fig.

: Line of centres
Hydrodynamic journal bearing
Diameter of the bearing =D =2R
Diameter of the journal =d =2r
Length of the bearing =/
Terminologies associated with a hydrodynamic journal bearing
are defined as following.
(i) Diametral clearance: Difference between/the diameter of
bearing and journal is called diametral clearance

C1 =D-d
(i) Radial clearanee: It is the difference between the radii of
bearing and journal 6
=R-r=
(ii1) Dlameral cle '&n tio between diametral clearnace
tajournal dia
Dlametreﬁi‘e'&nce ratio

M Eccentricity: It is the radial distance between the centre (O)
contact surfaces of the members Wh11e carrymg‘e oIt

of the’bearing and the displaced centre (O’) of the bearing
underload. Eccentricity is denoted by e.

(v)_Eceentricity ratio (Attitude): Ratio of eccentricity to radial
clearance is called eccentricity ratio.

e
c =
G,
(vi) Sommerfield number: A dimensionless number used in
design of bearings. It’s value is given by

>
Sommerfield number = (ﬁ) i
P &

where N = Journal speed in r.p.m., Z = lubricant viscosity,
P = bearing pressure normally we take its value as 14.3 x 10°

(vit) Critical;pressure in journal bearing: The pressure at which
the oil film breaks and metal to metal contact takes place is
known as critical pressure. It’s value is given by

2
__ZN 4 L) Nymm?
475x10° (C; ) (I+d

where N = Journal speed in r.p.m.
Z = Absolute viscosity of the lubricant
(vii1) Coefficient of friction: Coefficient of friction can be

expressed as
_ 33N d g
1000 P ]| C

where K is a factor for end leakages

for 0.75 < é <2.8,K=0.002
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(ix) Shortand long bearings: Short and long bearings are decided
on the basis of the ratio //d.

If <1 then bearing is said to be short

=1 bearing is called square bearing

o~ o~ e~

> 1 then bearing is said to be long

(x) Heat generation and rejection in bearing: Due to fluid
friction and solid friction heat is generated in the bearing
which can be expressed as

Qgen = WWV N-m/s

W = load on the bearing
V = rubbing velocity in m/s

Heat rejection is given by
Qrejection = KnA (th—ta) J/S

where Ky, = heat dissipation coefficient in W/m?%/C

A = prejected area of the bearing
tp = bearing surface temperature
t, = ambient temerature
In case of pressure fed bearings ift; is the inlet temperature
of oil and to is outlet temperature of the oil then heat rejection
is given by
Qrejection i PCoil (to— ti)
where p = density of oil
Coil = specific heat of oil

where

Bearing Characteristic Number

The factor % is known as bea stic number and it

is a dimensionless number.
where Z = Absolute viscosity of the lubricant in kg/m-s
N = Speed of journal in r.p:m.
P = Bearing pressure on\the projected bearing
areain N/mm

,i YV oad on the journal 15 ,
The variation of coefficient srfrlctlon with réspectto the bearing

characteristic number is shown in Fig.

|« ¢\,\ Thin film oF boundary, lubrication

T 1 (un‘sm‘ble)‘\'
=
5 Thick film lubrication
§ < y\= (Stable)
k]
5 2\3 Partial lubrication
o
2
[0]
o]
O »

G

A\ I
P

Variation of coefficient of friction with the

bearing characteristic number (ﬁ]
P

Rolling Contact Bearings

Bearing which operate on the basis of principle of rolling, i.e. the
contact between the bearing surfaces is rolling are known as
rolling contact bearings. These are also called antiftiction bearings
as they offer low friction. Mainly there are two types of rolling
contact bearings.

(1) Ballbearing

(i) Roller bearing

Average life (Median life) of a bearing: It is the number of
revolutions or number of hours at a constant speed that 50% of a
batch of ball bearing will complete or may be exceed and 50% fail
before the rated life is achieved. It is denoted by Ls.

Lifeo —
(Load)®

Dynamic load rating: Value of radial load which bearing can suffer
for 1 million revolutions of inner ring with'only 10% failure is
known as dynamic lead rating or basic dynamic capacity or specific
dynamic capacity.

Rating Life

where

CLUTCHES

Clutch is a connection between the driving and driven shafts

with the provision to disconnect the driven shaft instantaneously

without stopping the driving shaft. Main functions of cluthces

are to stop and start the driven member without stopping the

driving member, to maintain torque, power and speed, and to

eradicate the effects of shocks while transmitting power.
Clutches are classified-into two types:

(1) Positive clutches: These are used where there is requirement
of positive drive for example jaw or claw clutch.

(2) Friction clutches: Friction clutch transmits the power by
friction without shock. It is used where sudden and complete
disconnection of two rotating shafts are necessary, and the
shafts are in axial alignment. The power transmission takes
place due to two or more concentric rotating frictional surfaces
in contact. Due to friction heat is generated which should be
dissipated rapidly. Friction clutches are further classified into
(a) Disc or plate clutch
(b) Cone clutch
(¢) Centrifugal clutch

(a) Disc clutch: Cross-sectional view of a disc clutch is shown
in Fig.
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Disc clutch

Frictional torque acting on an element dr is given by
T, = 2npupr?dr
p = axial pressure intensity
u = coefficient of friction
For uniform pressure the intensity of pressure is given by

w

2 2
m(ry —r3)

where

where r; = external radius of'the surface
r, = internal radius of the surface
W = axial value of thrust which holds the
frictional surfaces together.
Total torque transmitted is given by

(b) Cone clutch: Total torque tran
given by

2 I; —r
Toone = — W 12 2
3 Iy =1,

where o = semi-angle of frictional surfaces with the
clutch axis.
(c) Centrifugal clutch: Total torque, transmitted in'case-of

centrifugal clutch is give

T = u(€C—S)r; '
where C =Sprin ~'orce acting on shoe = mrw?

m = mass of shoe

r = distance of centre of gravity of shoe from
centre —

w = angular yelocity.of rotating pulley in rad/s

r; = inside radius.of pulley rim

S = Inward force due to spring-m (w;%) r
3

W = —W

4

n'= number of shoes

C-S=mrw'— = mrw?= - mrw?
16 16
BRAKES

A device that control the motion, or can stop a moving body with
the help of artificial resistance. Kinetic or potential energy is
absorbed by the brakes and is released in the form of heat. Brakes
can be classified into various groups as shown in Fig.

Brake

|
v '

Friction brakes Fluid brakes Electric brakes
Disc brakes  Drum brakes Hydraulic Air brakes
brakes
Single block Band Band and block Internal expanding

or shoe brake brake brake brake

Classification of Brakes
Single block or shoe brake is important case to diseuss the
mechanism of the brakes.

Single Block or Shoe Brake

Shoe brakes are a type of down brakes essentially.consist of a
block or shoe which is pressed against the rotating drum. The
block is rigidly fixedito.a lower which has oneend pivoted to fixed
fulcrum and the other end free:
When forceis applied at free end ofthe lever, the block gets
pressed against the rotati m. The block exerts a radial force
( rough the centre of drum. The
m sets up a braking force and
of drum. The whole arrangement is

Block < 2 >

Lever [

! or shoe

Rotating
drum

(€)

Free body diagram of the shoe and lever and drum is shown in
Fig. (b) and (c). Assuming the normal reaction between the block
and drum is uniform, braking torque is given by

Ty =uRyr
kL T, = Pt
a

The braking torque will be same even when the wheel rotates
anti-clockwise. If angle of contact is greater than 60°, the shoe is
pivoted to the lever and the braking torque is given by

Ty, =W (P—lj r
a

where 1 = equivalent coefficient of friction
, _4usin®
H™ 20 +sin26

p = actual friction coefficient
There may be various cases of the arrangement depending upon
the eccentric between the fulcrum point and line of action, and
direction of rotation of drum shown in case 1, 2, 3, and 4.



A-74

Design

Case 1. Drum is eccentric towards down side and rotates clockwise
Il [ »l

H—a—b: 1

YpP
ZMO = 0
PxI/—-R,xa—uR,xb=0
Pl
Toa+ ub
. P
Braking torque T,= uPlr
a+ub
Case 2. Drum rotates anticlockwise in case 1 then
. P
Braking torque Ty, = uplr
a—pub

Case 3. Drum is eccentric towards upper side and rotates clockwise

ZMOZO
Px/-R,xa+uR,b=0
P
R, = !
a—ub
. P
Braking torque Ty, = uPlr
a—ub

m . . .
Case 4. Drum rotates anti-clockwise in case 3 then

pP?r‘ K
+ub

Braking torqgg T =

III1

ssnmts  EXE Rcls

1.  Which one of the following is wterlon m‘m
hydrodynamic journal bearifigs e i
(a) Sommerfield number
(b) Ratinglife
(¢) Specific dynamic capacity
(d) Rotation factor
2. A cylindrical shaft is subjected to an-alternating stress of

100 MPa. Fatigue strength tosustain 1000 cycle is 490 MPa.
If the corrected endura Strength is 70 MPa, e&nated
shaft life will be l‘: P

@@ 1071 cycL( 15000:¢ycle

(c) 281914 cycle (d) 928643 cycle

3. 20° full-depth involute profiled 19-tooth pinion and 37-tooth
gear are in mesh. If the module is:5 mm,.the centre distance
between the gear pair willbe - %

(a) 140mm - (b) 150mm
(¢) 280mm (d) 300mm
4. Theresultant force‘onithe contacting gear tooth in newton is
(@) 77.23 (b) 21220
(c) 22581 (d) 28943

5. Aball bearing operating at a load F has 8000 h of life. The life
of the bearing, in hour, when the load is doubled to 2F is
(a) 8000 (b) 6000
(c) 4000 (d) 1000

6.  Given that the tooth geometry factor is 0.32 and the combined
effect of dynamic load and allied factors intensifying the
stress is 1.5, the minimum allowable stress (in MPa) for the
gear material is
(a) 2420 (b) 1665
(¢ 1210 (d) 740

10:

11.

The tangential force transmitted (in newton) is

(@) 3552 (b) 2611

(c) 1776 (d) 1305

A band brake having bandwidth of 80 mm, drum diameter of
250 mm, coefficient of friction of 0.25 and angle of wrap of
270° is required to exert a friction torque of 1000 N-m. The
maximum tension (in kN) developed in the band is

(@) 1.88 (b) 3.56

() 612 (d) 11.56

Tooth interference in an external involute spur gear pair can
be reduced by

(a) decreasing centre distance between gear pair

(b) decreasing module

(c) decreasing pressure angle

(d) | inereasing number of gear teeth

Twoidentical ball bearings P and Q are operating at loads 30
kN and 45 kN respectively. The ratio of the life of bearing P
to the life of bearing Q is

(a) 8l/16 (b) 27/8

(c) 94 d 32

Match the following criteria of material failure, under biaxial
stress 6, and G, and yield stress oy with their corresponding
graphic representations.

ListI ListIT G,
A
P. Maximum normal- 1. Oy
stress criterion
>0,
—o, y
— O
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12.

13.

14.

15.

16.

17.

18.

(&)
A 2
Gy
. . . » 0,
Q. Maximum-distortion- 2. —o, Gy
energy criterion -

y

R Maximum-shear 3.

stress criterion

(a) P-2,Q-1,R-3 (b) P-3,Q-2,R-1

(¢) P-2,Q-3,R-1 (d) P-3,Q-1,R-2

A solid circular shaft needs to be designed to transmit a

torque of 50 N-m. Ifthe allowable shear stress of the material

is 140 MPa, assuming a factor of safety of 2, the minimum

allowable design diameter in mmiis

(@ 8 (b) 16

() 24 @ 32

Stress concentration in cyclic loading is more serious in

(a) ductile materials

(b) brittle materials

(c) equally serious in both cases

(d) depends on other factors

Feather keys are generally

(a) tightin shaft and loose injaiub

(b) loose in shaft and ti gl‘lﬁ

(c) tight in both shaft and hub

(d) loose in both shaft and hub

For a parallel load on a fillet weld of equal legs, the plane of

maximum shear occurs at

(a) 225° (b). 30°

(c) 45° A (d) - 60°

The silver bearings are se&!almost exclus1vely 1%0%1&
4

engines due t(;r xi len
(@)  fatigue th (b) wear resistance

(c) corrosive resistance (d) 'Noneof these

When a shaft rotates in anti-clockwise direction at slow

speed in a bearings, thenit w111 . Tr

(@) have contact at the lowest‘bomt of‘bearing

(b) move towards right.of the bearing making metal to
metal contact

() movetowardsileft of the bearing making metal to metal
contact

(d) movetowards right of the bearing making no metal to
metal contact

The most efficient riveted joint possible is one which would

be as strong in tension, shear and bearing as the original

plates to be joined but this can never be achieved because

(a) rivets can not made with same material

(b) rivets are weak in compression

(c) there should be atleast one hole in the plate reducing
its strength

(d) clearance is present between the plate and the rivet

> )

A

19.

20.

21.

22.

S

24.

25.

26.

27.

28.

Toresist breaking of the plate in front of the rivet, we make
the distance from the centre of the rivet to the edge of the

plate at least
(@ 1.5d (b) 2.5d
() 2d (d) 3d

The uniform pressure theory as compared to the uniform
wear theory gives

(a) higher frictional torque

(b) lower frictional torque

(c) either lower or high frictional torque

(d) None of these

The limiting wear load of spur gear is proportional to (where

E,= Young’s modules of pinion material, E, = Young’s
modulus of gear material.
1 E,
—_— 1+—
a b
@ E,+E, ® e
. 3
1+ - ! + !
© 't ‘dp(E tE
E, (). E, Eg
Americanstanda thr@ave the angle equal to
(a)‘ 5° (b) 60°
(d) 58°
For overhaul of the following condition is satisfied?

@ ¢za ) ¢<a

(©) 'Both (a)and (b) (d) None of the above

A radial ball bearing has a basic load rating of 50 kN. Ifthe
desired’ rating life of the bearing is 6000 hours, what
equivalent radial load can be bearing carry at 500 rev/min.
(a) 18.85kN (b) 8.85kN

(c) 125kN (d) 145kN

The frictional torque transmitted in a flat pivot bearing
assuming uniform wear

3

(@ pWR (b) " UWR
2 1

) 5 uWR (d) 5 LWR

where | = co-efficient of friction

W, = load over bearing

R=radius of bearing

The frictional torque for square thread at mean radius while
raising load is given by (W = load, R, = mean radius,
¢ =angle of friction, o = helix angle)
(@ WR_ tan (¢—a) (b) WR_ tan (¢ + )
(© WR tana (d) WR, tan ¢
Which one of'the following types of bearings is employed is
shafts of gear boxes of automobiles
(@) Hydrodynamic journal bearing
(b) Multi lobed journal bearing
() Anti friction bearings
(d) Hybrid journal bearings
In case of self locking brake the value of actuating force is
(a) Positive (b) Negative
(¢) Zero (d) None of these
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29. 1.S. specifies which of the following total number of grades (b) Stress amplitude (Sy) versus the number cycle (N)
of tolerances? before the fatigue failure on log-log graph paper

(@ 18 (b) 16 (¢)  Number of cycle (N) versus stress amplitude (Sg) after
© 20 . (d). 2 the fatigue failure on log-log graph paper
30. The theoretical stress concentration factor at the edge of (d) Number of cycle (N) versus stress amplitude before

31.

32.

33.

34.

35.

36.

37.

hole is given by

(a) 1+(%) (b) 1+2(%)
(©) 1+3(Ej (d) 1+4£;]

Where a = halfwidth (or semi axis) of ellipse perpendicular
to the direction of load

b= halfwidth (or semi axis) of ellipse in the direction of load
In the assembly of pulley, key and shaft

(a) pulleyis made the weakest

(b) key is made the weakest

(¢) key is made the strongest

(d) all the three are designed for equal strength

The longitudinal joint in a beiler shell is usually

(a) Buttjoint

(b) Lapjoint

(c) Buttjoint.with two cover plates

(d) Buttjoint with single cover plate

To restore stable operating condition in a hydrodynamic
journal bearing when it encounters higher magnitudeiloads

(a) Oil viscosity is to be increase
(b) Oil viscosity is to be decrease "
(c)  Oil viscosity index is to bedncreases -‘ ; 42.

(d) Oil viscosity index isioéﬁcre&s*
Which of'the following graph is correctly represent?

0.12
0.08 1
Error (e) |
(in mm) )
0.04 1 |
04 8 12[16-02024
Module of spur gears'(mm)
(a) AandB (b) BandC
(¢) AandC (d A,BandC

For self-locking which of the following condition is

satisfied?

@ ¢2a (b) ¢<a

(¢) Both(a)and (b) (d) None of these

Which of the following bearing is suitable for fluctuating

demands?

(@) Needleroller bearing  (b) Ball bearing

(c) Taperedbearing (d) Cylindrical bearing

The S-N curve is a graphical representation of

(@)  Stressamplitude (Sy) versus the number cycle (N) after
the fatigue failure on Log-Log graph paper

38.

39.

40.

41.

O

43.

44,

45.

46.

the fatigue failure on log-log graph paper
Find the diameter of a solid steel shaft to transmit 20 kW at
200 rpm. The ultimate shear stress for the steel may be taken
as 360 MPa and factor of safety as 8

(a) 48mm (b) 68mm

(c) 78mm (d) 38mm

The efficiency of overhauling screw is

(@ >50% (b) <50%

(¢) equalto50% (d) none of these

Backlash in spur gear is the

(a) difference between the dedendum of one gear and the
addendum of the mating gear

(b) differencebetween the tooth spaceof the gear and the
tooth thiekness of the mating gear measured on the
pitch cirele £

(¢c) intentional extension.of céntre distance between two
gears

(d)‘ does not exi

The ratio of fricti Qad.ius based upon uniform pressure

and uniform theyryis (Given: Ry= 100 mmandR;=25

mm) ,“"

4 LI 14 28
e O OR @ 3

A cerfain minimum number of teeth is to be kept for gear
wheel

(a@)»/ So that gear is of good size

(b) For better durability

(¢) Toand interference and under cutting
(d) For better strength

Which of the following is a positive locking device?

(a) Castled nut (b) Locking by pin

(¢) Locking by threaded pin (d) Split nut

Fatigue strength of a rod subjected to cyclic axial force is
less than that ofa rotating beam of same dimension subjected
to steady lateral force. What is reason behind this?

(a) Axial stiffness is less than bending stiffness

(b) Absence of centrifugal effects in the rod

(¢).| The number of dis-continuities vulnerable to fatigue
1Smore in the rod

(d) Ata particular time, the rod has only one type of stress

whereas the beam has both tensile and compressive
stress.
In a belt-drive if the pulley diameter is doubled keeping the
tension and belt width constant, then it will be necessary to

(a) increase the key length
(b) increase the key depth
(c) increase the key width
(d) decrease the key length

Deep groove ball bearings are used for

(a) heavy thrust load only
(b) small angular displacement of shafts
(c) radial load at high speed

(d) combined thrust and radial loads at high speed



Design

A-77

47. Which of the following key is under compression rather

than in being shear when under load?

(@) Saddle (b) Barth

(d) Feather (d) Kennedy

Which of the following is maximum capacity bearing?

50.

48.

(¢) Undercutting and Notch for member in bending

(d) All of above

A full journal bearing with a journal of 75 mm diameter and
bearing of length 75 mm is subjected to a load of 2500 N at
400 rpm. The lubricant has a viscosity of 16.5 x 10~3 Ns/m?

22; ililéi%aﬁfgﬂtzi‘?ggiing 8% Slerllﬁ Lelirgorgnl?geli::gfng and radial clearance is 0.03 mm and eccentricity ratio of
49. Reduction of stress concentration is achieved by bearing is 0.27. The value of minimum oil thickness in mm is
(a) Additional notches and holes in tension member (@ 0033 (b) 0011
ibi Drillini additional holes for shafts (c) 0044 (d) 0022
1 (a) 11 (c) 21 (d) 31 (b) 41 (d)
2 (c) 12 (b) 22 (b) 32 (c) 42 (€)
3 (a) 13 (a) 23 (b) 33 (a) 43 (a)
4 (c) 14 (a) 24 (b) 34 (d) 44 (d)
5 (d) 15 (c) 25 (c) 35 (a) 45 (c)
6 (b) 16 (a) 26 (b) 36 (a) 46 (d)
7 (a) 17 (c) 27 (c) 37 (b) 47 (b)
8 (d) 18 (a) 28 (c) 38 . (a) 48 (a)
9 (d) 19 (a) 29 (a) 39 (g 49 (d)
10 (b) (a) (b) (b) . (d)

HINTS & EXPLAN

AT L@N‘s

111 4
é»
’F

V4
1. (@ TheSommerfield number defined as ?(z

in the design of hydrodynalnlc journal w ;
rating life, rotation fa pecyiﬂlynamlc capacity 3,
are used for ball and roller contact beasings.

It is known that S-N curve becomes.asymptotic for

10° cycle, so stress o at this cycle isknown as fatigue

or endurance limit of the material.

Y-axis
log,,S 4 e \
2.69 =log,,490 [ e
4.
2.000 = log,,100
_ ~—=--r s T - -

1.845 = log,,70 | [ ) :
1 - - | |
I | |
I | |
1 1

»X-axis

B) X 6 log, N

According, to 2-point form, the equation of straight
line connecting (6, log,, 70) and (3, log,, 490) is
y—2.69 2.69-1.845
x-3 3-6

y =2.69-0.28167 (x—3)

y=3.535-0.28167x
For the shaft subjected to alternating stress of 100
MPa
y=log,,100=2

2=3.535-0.28167

=-0.28167

I LIS 1
loglo N =5.44964

N =10544964 =281604.53 cycle

@ ZP:l9,Zg:37,m:5
Zp+Z,4
Centre Distance CD = M
B 5(19+37j
2
56
= 5x—=140mm
2
© P=ZnNTj :60P
60 21 N

_ 60x20000 _ 0610 N-m
27[(60>< 30)
106100
- Tangential force F, = — = W =2122N
Dp
Resultant (normal) force
F,

Fy=—t =212 51N

cos 20°  cos 20°
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5. (d Fora ball bearing, the life-load relationship is 18. (@) —16d—>
cY 1 '
L= (—j = Lo=— !
F F —F |
3 3 0.7d !
L (K L, _ (i) v '
L, \F) 800 \2F |
I
= L2:8000x%:1000h d
6. () F, xfactor=oc,xbryxm :
o, = 23236x13 0 5 Mpa | snap head
25%0.32x4 Snap head rivet is used for boiler plates.
21. (d) Load stress factor
60P 60 x15000
_ T=2" = =149.2077 N - :
7. (@ Torque SN 5 960 m . Gg sincos 6 L+L
Pitch circle diameter of gear B 1.4 E. E
D=mxZ=4x21=84mm boe
T 106_E c) :
i F=—— E—— S
Tangential force ty D/2 24. b L= cOn\ P
‘
_ 149207.7 355056 N Here,n= 500 r.p.m, F
84/4 L=060
T 5% 270w
8. @ —L=c®=c = 180 =3248 =180
T,
-l
= B 3248 == =885KN
Ty =Braking torque = (T (180)3
L ) 28. 1 (¢) " In case of selflocking brake, no external force is required
= i mj ® B - for the braking action. This is not desirable condition
.. y in normal application.
g; mTal 1_rr1 I;SEZZS.II\L; (11::'5e6lc1>(11)\id i Band is 11.56 KN 30. () It is proved by using theory of elasticity that the
Ximu v . : . .
’ . [ . h 1 f h
9. () Interferenceisa phenomenonin which the addendum theoretical stress concentration factor at the edge of
tip of gear under cuts intothe dedendum of base ¢circle o 1402
of pinion. This tooth interference can be reduced by hole is given by b
increasing the num tecth above a certain minimum
number. For example, Hor 20° full depth involute teeth IS ANRE SR ess
system, minimum number of teeth to'avoid interference LTy 360 5
is 18. - T—E—?=45N/mm
10. () Pp=30kN o .
PQ _A5KkN Let d = diameter of solid shaft
¢ 1‘\' - e P-x.60
As we know that, [ i(\g} ,a= 3 for ball bearing 2nN
3
20x10” x60
3 == = -
Life of bearing? Lp P_Q 21x 200 P99
Life of bearing Q L Q B Pp From torsion theory, we have torque transmitted by
solid shaft (T).
3 3
_ 4_5 _ i :2_7 955><103:£><r><d3
30 2 8 16
. 16T = Zx45xd® d = 47.6 ~ 48mm
12. (b) Working shear stress = —° 16
nd 50. (d Givendata
Allowable shear stress e o 0271 hy
Factor of safety = Working shear stress ccentricityratio=0.27=1— .
16T ho
= 2><—3=140 = d=154mm=16mm 0.27=1—m h0=0.0219mm
nd )

=0.022mm



CHAPTER

Fluid: Fluid is a substance which has the property tendency to
flow under the action of shear and tangential forces.
Liquids and gases both are fluids.
Ideal and Real fluids:
J In ideal fluids, there is no viscosity and no surface
tension and are incompressible.
J In real fluids, viscosity, surface tension together exist
and are compressible along with density.

FLUID PROPERTIES
1. Density (p) : It is.defined as mass per unit volume of
substance.
. m
Py

2. Specific Weight (®) : It is defined as weight per unitvolume
of substance.

mg

B

/ -

3. Relative density Specific gravityTSg) ¥t is defined’ss ratio
of density of fluid to the density of standard fluid.
[t may also be defined as the ratio of specific weight of the
fluid to the standard weight of fluid.

w =

B weight of fluid
& weight of standard fluid

Density of Fluid
Density of standard Fluid
Ex: Oil of Sgof 0.8 = py;=800kg/m?

Specific volume (v) : 26
It is expressed as the volume peg unitmass of fluid.

Sg=

V==
m p
4. Compressibility (B)
Hydrostatic law: It states that rate of increase of pressure
in a vertical direction is equal to weight density of fluid at
that point.

Mathematically, pressure head (h) = pLg

dv
g vl
dp pdp

FLUID MECHANICS

Liquids are highly incompressible .. —— =0

Gases are highly compressible as P o< p.
5. Bulk Modulus of Elasticity ()
It is defined as reciprocal of compressibility:

VISCOSITY

It is the property of fluid by virtue of which one layer resists the
motion of another adjacent layer. T'e. its resistence to shearing
stresser.

Newton’s liaw 0@&@'
The \{isoous shealé between two layers at a distance ‘y’
1 4

d
é’“ the surfac amrritten as: Toe bt
= pj’ dy
_

as T = du
[ dy
° ‘W is co-efficient of dynamic viscosity / viscosity.

e -/ is a property of fluid called dynamic viscosity and is a
function of temperature only.

° Fluids which obey Newton’s law of viscosity are known as
Newtonian fluids.

e ' [Ifpishigh= velocity gradient d—u is less = highly viscous
y
fluid.
u
° If w is low = velocity gradient . is high = easy to flow
y

fluid.
Kinematic Viscosity (v)

It is expressed as the ratio of dynamic viscosity (L) and density
of fluid (p).

v=£
p
Units SI — m?/s
CgS — Stokes/cm?/s
1 stokes = 10~* m?/s
Effect of temperature and pressure on viscosity:

. Viscosity of liquids decrease but that of gases increase
with increase in temperature.



A-80

Fluid Mechanics

J In ordinary situations, effect of pressure on viscosity
is not so significant but in case of some oils, viscos-
ity increase with increase in pressure.

RHEOLOGY

It is the branch of science in which we study about different

types of fluids
Thixotropic

A

Elastic Bingham plastic

&~ Solid

Rheopactic

Pseudo plastic

Newtonian

— (e) Shear stress

Dilatent

/Idcal fluid

5
dy
Examples

° Newtonian : Water, air

° Dilatent : Butter, starch solution

° Psuedo plastic : Paints

° Bingham plastic : Gel, cream

° Thixotropic : Printer’s ink and enamel

SURFACE TENSION (o)

Cohesive and Adhesive forces:
Cohesive forces are 1ntermolecu1‘attnctloi &forever between
molecular of same liquid/fluid.

Adhesive forces are attractive forces between the molecular ofa
liquid/fluid and the molecular of a solid:boundary surface .in
contact.

° Property of a liquid.

° The basic cause of surfae&tension is the preﬂce of

cohesive forces.
° Itisa proper;%l t‘] f Wthh liquids want to mnimize
their surface to'maximum extent.

G:—N/m
e —

Wetting and Non-Wetting"\ Liq:llids
° It is the mutual propertyof liquid-surface.
° Ifadhesion >>>> g¢ohesion,
Liquid wets the‘surface.
If cohesion >>>> adhesion,
No wetting
° For wetting, angle of contact (0) should be acute and for
non-wetting angle of contact (0) should be obtuse.
. For pure water 6 =0°.
. For Mercury-glass, 6 = 130° to 140°.

CAPILLARITY

When a tube of very fine diameter is immersed in a liquid, there
will be rise or fall of liquid level in the tube depending upon
whether the liquid is wetting with the tube or non-wetting.

}KJ’-

Therise or fall of liquid level in the tube is a phenomenon known
as capillarity.

h : rise of liquid level in tube

o : surface tension

r : radius of capillary tube

p : density of liquid

0 : angle of contact

206 cos0
pgr

h =

For an annular capillary having external radius r, and inner radius
Iy,

26 cos0

pe(r, — 1)

Pascal’s law: It states that pressure intensity,at any point in a
liquid of rest, is same.in all directions. If P,, Py and P are the
pressure in X, y &z direction acting on a fluid element, at rest,
then,

P DP)=D, g >

PRESSURE MEASURE I DEVICES

L BAROV 5
’;15 a device ;orrlcelh and is used to measure local
atmospherlc ressure

i It 1s a device used for measurements of moderate
pressure (gauge) of liquids only.
e ' Piezometer cannot measure the pressure of gas.
M. MANOMETER
e used for measurement of high pressure.
e  Itmakes the use of a manometric fluid.

< SIMPLE U TUBE
4 y MANOMETER

\

\\N

A |AARARNNRRY

Manometric
™ fluid (p,)

N\

P+ pgy=pygh=0

- P2

\

y

<— DIFFERENTIAL
U TUBE MANOMETER

\

P11

NN\

L P

A\RRRRAANNNRNY

Py +pigy—pmgh—p,gx=P,
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NOTE
(a) Absolute pressure = Atmospheric present + Gauge
pressure (i) v
(b) Absolute pressure = Atmospheric pressure — Vacuum N
pressure
FLUID STATICS
Hydrostatic Force on a Plane Surface
T2
A = —d
4
a
. v < : >
cp : Centre of pressure (V) —= :
cg : Centre of gravity | a
. . . =" - |_ ===
F : hydrostatic force acting - !
on the plane surface inclined to free'surface. }
| LA
, b hepe'h ~
sinf= —==—
y 2¥p Yy
F = ngA
_ _ I sin?0
hep/= h + 2= %
A ,

ROSTATIC FORCES ON CURVED SURFACES

Consider a-curved surface as shown in the figure.

I, : moment of inettia of the plane surf
For a horizontal surface, 6 = 0°

= h,, = T
For a vertical surface, 0=90°
B iy
= h o =h+ A
Vertical Surfaces (6 = 90°) A
) X \
([}
R [~ ‘Hydrostatic'forceacﬁng on the curved portion
Fy: Horizontal component of F
Fy: Vertical component of F
Fy = ngA
i) -2 F, =pgV

F=\F +F

V = Volume till the free surface

STABILITY OFSUBMERGED BODY

e  Centre of Buoyancy : B
Centre of Gravity : G
. If B lies above G, the body is in stable equilibrium.
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. IfB and G coincide, the body is in neutral equilibrium.
. IfB lies below G, the body is in unstable equilibrium.

Stability of Floating Body

Metacentric point (M): When a body is given a small angular
displacement which is floating in a liquid in a state of equilibrium.
It starts oscillating about some point (M), known as metacentric
point.

° IfM lies above G, the body is in stable equilibrium.

° IfM and G coincide, the body is in neutral equilibrium.

° If M lies below G, the body is in unstable equilibrium.

Metacentric Height (GM)

1
GM = - -BG
A%

[:  Moment of inertia of the face of the body intersected by
free surface

2. Uniform flow

Ifthe properties (velocity at any given time) is not changing
with respect to space, such a flow is known as uniform flow.

3. Incompressible flow

If the density of the fluid doesn’t change with respect to
pressure, the flow is known as incompressible flow.

4.  Rotational and Irrotational flow

Ifthe fluid particles are rotating about their centre of mass,
the flow is known as rotational flow. If the fluid particles
aren’t rotating about their centre of mass, the flow is known
asirrotational flow.
e Laminas and turbulent flow: In Laminar flow, individual
particles move in a zig-zag way.
For Reynold’s number (R ).
IfRe <2000, flow in laminar
IfRe > 4000, flow in turbulent
I£2000 < Re <4000, flow may be laminar/turbulent
e Rate of flow / Discharge (Q):

V:  Volume of the fluid displaced. <
BG: Distance between centre of buoyaney and centre of gravity. Q = Area x AVerage.velocity
GM : Metacentric height Q :A. 8 V ) L}
For Stable equilibrium GM > 0 ° COIltlIIUI.ty equatllor.l: 4 o
For neutral equilibfium GM =0 If states 1f no fluid in gmremoyed from the pipe in any
For unstable egfiflibrium GM < 0 lengthithen mas oss different reactions will be
ual. Mathe Iy, far reaction (1 — 1) and (2 2),
Buoyancy B Vs pAY, vy
When the bodies are immersed partially or fully in a fluid, the b ,“" 2
resultant hydrostatic force acts on the body in the veérticalup ~ -~ —
direction. This force is known as upthrust or buoyant w/" 1
Fj : buoyant force - Y "‘_ '
Fs=pgV e _o”
V = volume of the fluid displaced by body ]
Centre of Buoyancy 2\

It is the point at which upthrust or buoyant force is acting on the
body and is exactly same as the centre of gravity of displaced
fluid.

Floatation
For floatation of bo‘%ﬂne sity of the body must-be eglual to
or less than density ofliquid'i.e. Y

pS<p

)

density of
solid
NOTE:
For a completely submerged body, the centre of buoyancy
doesn’t change. However; for a floating body the centre of
buoyancy changes when the orientation of body changes.

density of «m
liquid v
LA LD

FLUID KINEMATICS

° There are two approaches to kinematics of a fluid flow i.e.
Lagragian approach and Eularian approach.
. In classical fluid mechanics, Eularian approach is considered.

Different Types of Flow

1.  Steady flow
Ifthe properties in the flow are not changing with respect to
time, such a flow is known a steady flow.

for incompressible fluid, AV, =A V..
Continuity equation in cartesian - co-ordinates

0 0 E op
— + — + = a— =
P (pw) oy (pv) 0 (pw) 2

Acceleration of A Fluid Particle

- ~ A A~
V=ui+vj+wk

s — - - -
oV oV oV oV oV
a=— =U—+V—+W— + —
ot 0x oy 0z ot
L | | I—
1 {
Convective acceleration  temporal
or local
acceleration
ou ou ou ou
a=U—+V—+W—+—
X ox oy 0z Ot
ov ov ov ov
a=U—+V—+W—+—
yoox Oy 0z ot
ow ow ow ow
a=U0—+V—+W—+—
“ ox Oy oz ot
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a=w/a2x + azy +a’z
For uniform flow,

convective acceleration = 0
For steady flow

"l q

local/temporal acceleration =0

For steady and uniform flow,

total acceleration =0

Consider a tank as shown in figure

For the figure,

convective acceleration =0

temporal acceleration = 0 (if H is constant)
temporal acceleration # 0 (if His verying)

Stream Line

It is an imaginary line drawn in such a way that the tangent drawn

at any point on this line gives the direction of velocity vector of

the fluid particle at that point.

dx dy dz| Equation of streamline
u v w| indifferential
PATHLINE
It is the actual path traced by a fluid particle.
STREAKLINE

It is the locus of all fluid particles at a moment which have passed
V=ui=

through a given point.
Rotational components in flow
W2 o

where w, is the net rotation of fluid particle about its own centre
of mass.

Ifw,=0 = flowis 1rrotat10na1‘ J.

Ifw,20 = flowis rotatlonal-ﬁ
VORTICITY
Itis defined as double of angular velocity. (Circulation per unit of
enclosed area)
Vorticity=2m
CIRCULATION()
It is defined as the line integral of velocity vector along a closed
loop.

5
r=¢ v-dr
I' = (Vorticity) Area
Velocity Potential Function (¢)

. Velocity potential function ¢ is a function of space and
time.

. It is defined in such a way ¢ that
%
0x
%
dy
99
oz

where u, vand w are the components of velocity vector in x,
y and z direction.

e ¢ only exists in irrotational flow. For this, ¢ must satisfy
laplace equation i.e.

Equipotential Line

v =—

Itis a line joining the points having same potential function values.

dy~{dy u
= e —
where - |dx =
Slope of equipotential line 6,

)

Stream Function

° s and is a functien of space and

There“is no boundation on  as it satisfies continuiting
equation.

Equistream Line

[tis a line obtained by joining points having same stream function
values.

oy o

dx
Slope of equistream line
e Sl ook
dx dx vV u

¢=constant Y =constant
~Equistream-and Equipotential lines are orthogonal to each other.
Cauchy-Riemann Eq"

In irrotational flows,

0 0 0 0
S S N N
ox oy ox 0Oy
op 0 0 0
o v o vl
dy Ox oy ox

Equations (1) and (2) are known as Cauchy-Riemann equations.

FLUID DYNAMICS

Euler’s Equation of Motion

The Euler’s equation considers the following assumptions
e  Flowisirrotational

e  Flowis laminar
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) Flow is invicid.

— Euler’s Eqn for steady flow

£+Vdv+gdz=0
p

Integrating the above equation. We obtain Bernoulli’s
equation

2
r + Ve + z = constant (Head form)
pg  2g

1
P+ 7 sz + pgz = constant

For Bernoulli’s equation, there are two more assumptions i.e.

° flow is steady

° flow is incompressible

Under the five assumptions stated above, the summation of all
energies (Pressure, Kinetic and Potential) per unit volume remains
constant at each and every point in a flow.

Bernoulli’s Equation for Real Fluid

In real fluids, viscous shear stresses are present due to which
energy is not conserved.

PV
The Bernoulli’s Eq®in such a case can be written asp_;; + 2—; + 2z,

P,
=282 7 +h,
PO o

where h;: head losses encountered a
to 2.

Flow Measurement Devices

Venturimeter
It is a highly accurate device used for measurement of discharge.

® ©

! Throat (minimum cross-section ea)
I

I

1 ’

| / q

-

>
P>i€

Converging Diverging section
section = 0.
2¢h
Qru=AxA, A12 — A%
Q=C4Qmh

Coeflicient of discharge (it’s value vasics between 0.96 —0.98)

[h—h
Cd: h L

h : piezometric head difference between 1 and 2
h; : head loss

Flow Through Pipe Bends

. The main aim of this chapter is to determine the forces.

e  Thepipe bend is horizontal. Hence, there would be no effect
of weight.
Consider a pipe bend as shown,
V2
0 P2 Ay p;

Fluid (system)
\Z
Pipi Aq

Fluid

Fy, Fy are the horizontal and vertical forees acting on the fluid
element. 6,
By mementum equation, F, and 15:y can be found

PiA;

When a certain mass of fluid is rotating with respect to
some different axis, such a flow is known as Vortex flow.
e / Thereare 2 types of vortex flow

(1) Free vortex

(i) Forced vortex
FREE VORTEX
e  Noexternal torque is required. Hence angular momentum
remains conserved.

1 V:velocity

Voc— }
T 1 : radius

FORCEDVORTEX
° External torque is required to maintain its angular velocity
at a constant value.
W = constant
- Veeer
NOTE:
° Free vortex flows are irrotational flows and thus, Bernoulli’s
equation can be applied.
° Forced vortex flows are rotational flows and hence,
Bernoulli’s equation cannot be applied.
Fundamental Equation of Vortex Flows
dp =pw?rdr-pgdZ
General equation and can be applied between any two points
For free surface, dp=0
= pw’rdr=pgdZ
Integrating the above equation we get,

w2r2

2g

7 =
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e  Apipeis aclosed contour which carries fluid under pressure.
. When fluid flows through pipe, it encounters losses. These
losses can be broadly categorized into
(i) Major losses
(i) Minor losses
Major Losses
. These losses are due to friction. The losses are evaluated
by Darcy-Weishback Equation.

. fLV?
P e)

f: friction factors
L : length of pipe
V : velocity in pipe of fluid
d : diameter of pipe
f=4f1
friction coefficient
The above equation (1) is valid for both laminar-and
turbulent flow.
NOTE:
Head loss is independent of pipe orientation. It depends only on
details of the flow through the duct.
For fully developed laminar flow, f=64/Re
where Re : Reynold’s No.
pVD
p
V = velocity
D =diameter
m = dynamie Viscosity
Minor Losses S
e  Bernoulli’s Equation, momentum Eq®are used to determine

these losses.
e  The magnitude of minor losses iswveryloss.

Re=

(i) Losses Due to Sudden,  Enlargement \
" e

A
%
@ - -
Q¥
A N A,
(Vi V)’
he= 20

(ii) Exit Losses

a

(iii) Losses Due to Sudden contraction

Vi
hf:_3 -
2g C,

A2
CC=A—3

If C_is not given, hy=0.5 V32/2g
Head loss occurs after Venacontracta as boundry layer
separation occurs.

(iv) Entrance Losses

K = Constant which depends upon angle of bend and its
radius of curvature.

FLOW THROUGH BRANCHED PIPES

PIPES IN SERIES
° In series, discharge (Q) remains same but head is divided.

Q=Q,=Q,=Qs
h¢= (hg); + (he)y + (hy)s,

2 2 2
Lopo LV LoVs | LaVy
2g dl d2 d3
Dupit’s Equation

A pipe of uniform diameter is said to be equivalent to compound
pipe if it carries same discharge and encounters same losses.

Leg _ L1 L2 L3
5 st s
D, d& d d&

=
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PIPES IN PARALLEL Steady Laminar Flow in Circular Pipes
. In parallel arrangement, head losses remain same but
discharge gets divided. I I
[ -\
P +a—dx
7 : shear stress
R : radius of pipe
@) u : dynamic viscosity of fluid
Q=Q;+Q
(hy)y = (hy o |
1= e T | Pressure gradient
SYPHON

° Siphon is a long bend pipe used in carrying water from a
reservoir at higher level to another reservoir at lower level.

° The height point of siphon is called summit.

° No section of the pipe will be more than 7.6 m above the
hydraulic gradient line.

° When absolute pressure of water becomes less than 2.7 m
gases come out from water and get collected at the summit
thereby providing an obstruction to flow.

POWER TRANSMISSION THROUGH PIPE

V.

= pQgH
actual PQ (H hf)
where hyare the head losses in pipe.

_PQH —hy)
pQgH
N

for maximum eﬂici
-

Laminar Flow in Pipes

Ptheoretlcal

N

° At low velocity of real fluids, viseosity is dominant. The
flow of fluid takes placei in form oflaminar. This laminated
flow is known as laminar.”

Features of Laminar Flow

° No slip at boundary

e  Flowisrotational

e Nomixing of fluid layers

° Shear between fluid layers e = p du/dy (x-dir.)

Entrance Length
The distance in downstream from the entrance to the location
at which fully developed flow begins is called entrance

L
length for laminar flow in pipes. Se =0.06R,

L, =entrance length
D= diameter of pipe

u : velocity at a distance
r’ from cente

’, we can conclude that velocity is

from above exprewn of ‘u
varying parabolically. "

o 7RE)

max
2

i.e. average velocity equals the local

ressuré drop (P, — P,) in a given finite length ‘L’
32uUL
T
LAMINARFLOW BETWEEN TWO PARALLELPLATES

Case I : One plate is moving with a velocity of ‘U’ while the other
is stationary.

1 b
. dy s zzzz.
v Y
U 1 (6P)
y 2
Tenm s (by —
=iz Zuax(y yY)

Case II : When both plates are at rest

u= _L[@P) (b -y ) (Poiseuille flow)
p\ox

2
__L[f?_l’jb
Hina 8u \ox

U=

wlN

max

TURBULENT FLOWS

. In turbulent flow, there is continuous mixing of fluid particles
and hence velocity fluctuates continuously.
. u’ and v’ are fluctuating components of velocity
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— //_l(d_u\
o T=puVv=p LdJ

T = turbulent shear stress

[ : mixing length, /=0.4 y, y is distance from pipe wall
Mixing length is the length in transverse direction where in
fluid particles after colliding loose excess momentum and
reach the momentum as of local environment.

Ujx — U
o M =575]og(RY)
V.
T
V. : Shear velocity V«= E
u (y)
o =5.75 10g10k J

y = 6’ /107 (for smooth pipes)
y' =K/30 (for rough pipes)

e  Reynold’s condition for rough & smooth pipes
R - Vi K

(S
R v

R., >100 = rough pipe

eR

R, <4 = smooth pipe

4< R, <100 = transition

° In turbulent flow in pipes, average velocity equa
velocityaty=0.223 R.

Thickness of Laminar Sublayer
11.6v

V.

Hydrodynamically Rough and Smooth Boundaries
From Nikuradsee’s experiment,

5=

5 <0.25 = smooth boundary

> >6 = rough bou "*y~

0.25< 5 < 6‘6 tr‘sition
6!

BOUNDARY LAYER THEORY

e  The concept of boundary layerms first introduced by L:
Prandtl. PREN

° Boundary layer is a layer in the vicinity of the surface with
large velocity gradients existing in it.

° Velocity within the boundary layer increases from zero to
main stream velocity asumptically.

N

U,
-
y Sty
A
;X
Boundry Conditions
aty=0 u=0
y=0 u=0.99U,
oy

*U
e o
d : boundary layer thickness
U, : free stream velocity
e  Nominal thickness is the thickness of boundary layer for
which u=0.99U,,
e Incase of a converging flow (0P/0x = — ve), the boundary
layer growth is retarded.

oP
e  For separation of boundary layer, x >0.

e Jocx!? X’ isthe distance from leading edge of the plate. As
x increase, boundary layer thickness increases.

° The transition from laminar to turbulent flow is decided by
Reynold’s No.
R.<5x10° = flowislaminar
R.>6x10° = flowis turbulent
Displacement thickness (5°)

& IU‘_'_de

.
Momentum thickness (0) ~

*

)
Shape factor (H)= ry

Von' Karman’s Momentum Integral Equation
Assumptions

° Flow is 2D, incompressible and steady

° Q =0 To s ﬁ

where 0 : momentum thickness

T, : plate shear stress

p : density

U, : free stream velocity
Drag force (Fp)
Itisthe force exerted by the fluid in a direction parallel to relative
motion.
A zero angle of incidence, of the plate the drag force is due to
shear force.

F T

Db Cp= 0

o= 2 1 o
5 PAUL 5 PU
Cp =average drag coefficient
Cy =local drag coefficient
For air flow over a flat plate, velocity (U) and boundary layer
thickness (8) can be expressed as

L3360
V, 2\8) 2\
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EXERCISE

III1

The velocity components in the x and y direction of a two-
dimensional potential flow are u and v respectively, then

Jdu .
% S equal to
ov ov
@ 5 ®) ~5
av ov
© 3 @ 35

The velocity profile in fully developed laminar flow in a pipe
of diameter D is given by u=u(1 — 4r>/D?), wherer is the
radial distance from the centre. If the viscosity of the fluid is
W, the pressure drop across a length Lyof'the pipe is

HUOL 4},[110]_,
@ ®
8uuyL l6pu,L
(c) D2 D2
A two-dimensional flow field has velocities along x and y.
directions given by u = x’t and v = — 2xyt respectivelys

where tis time. The equation of streamlines is
(@) x?y=constant

(b) xy* =constant

(c) xy = constant , '
(d) not possible to determ‘ f o -
In a two-dimensional velocity field with veloeities u and v
along the x and y directions respeetively, the convective
acceleration along the x-direction is given by

2l B Nl
O B o A 15 gy
For a Newtonian fluid <

(a) shear stress is proportional to'shear strain

(b) rate of sheer stress is propertional to shear strain

(c) shear stress is proportiJonalTQ, rate of|shear strain

(d) rateof shear stress is proportional to rate of shear strain
For the continuity equation given V. v = 0 to be valid, when
v is the velocity vector, which one of the following is a
necessary condition?

(a) Steady flow

(¢) Invescidflow
7.  Match the following:
Compressive flow
Free surface flow
Boundary layer flow
Pipe flow
Heat convection

SO T

(b) TIrrotational flow
(d) Incompressible flow

Reynolds number
Nusselt number

Weber number

Froude number

Match number

Skin friction coefficient

N<xz<C

10.

N o

12.

13.

14.

15.

(a) P-U;Q-X;R-V;S-Z; T-W

(b) P-W;Q-X;R-Z;S-U;T-V

(¢) P-Y;Q-W;R-Z;S-U; T-X

(d) P-Y;Q-W;R-Z;S-U; T-V

A hydraulic turbine develops 1000 kW power for a head of
40 m. Ifthe head is reduced to 20 m, the power developed (in
kW) is

(@) 177 (b) 354

(c) 500 (d) 707

A phenomenon is modelled using n dimensional variables
with k primary dimensions. The numberof non-dimensional
variable is

(@ k ("N (b) ‘n

() n—k d) n+k

The maximum velocity of a‘one-dimensional incompressible
fully developed viscous flow, between two fixed parallel

platesg6 m/s. The mea ocity (in m/s) ofthe flow is
(@ "2 o b) 3
© 4 - d 5

A pump ymg a liquid raises its pressure from 1 bar to 30
bar. Take density of the liquid as 990 kg/m3. The isentropic
specific work done by the pump in kl/kg is

(2) 0.10 (b) 030

(¢) ,2.50 (d) 293

A streamline and an equipotential line in a flow field

(a) are parallel to each other

(b) are perpendicular to each other

(c) intersect at an acute angle

(d) areidentical

For steady, fully developed flow inside a straight pipe of
diameter D, neglecting gravity effects, the pressure drop
Ap over,a length L and the wall shear stress T, are related
by

2
Ap D Ap D
Ty =—— b) Ty =
(@ Ty e (b) Ty 12
ApD 4ApL
Ty =—— Ty =———
© Tw="r @ ="

Biot number signifies the ratio of

(a) convective resistance in the fluid to conductive
resistance in the solid

(b) conductive resistance in the solid convective
resistance in the fluid

(¢) inertia force to viscous force in the fluid

(d) buoyancy force to viscous force in the fluid

A flow field which has only convective acceleration is

(a) asteady uniform flow

(b) an unsteady uniform flow

(¢c) asteady non-uniform flow

(d) an unsteady non-uniform flow
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16.

17.

18.

19.

20.

21.

22.

23.

Match Group A with Group B:

Group A Group B

P: Biotnumber 1 Ratio of buoyancy to

viscous force

Q: Grashofnumber |2 Ratio of inertia force to

viscous force

R: Prandtl number 3 Ratio of momentum to

thermal diffusivities

Ratio of internal
thermal resistance to

S:  Reynolds number |4

boundary layer thermal

(a) P-4,Q-1,R-3,S-2 (b) P-4,Q-3,R-1,S-2

(¢) P-3,Q-2,R-1,S4 (d) P-2,Q-1,R-3,S-4

Consider the following statements regarding streamline(s):

(1) It is a continuous line such that the tangent at any
point on it shows the velocity vector at that point

(i) Thereis no flow across streamlines

oodx _dy
W Ty
streamline, whereu, vand w are velocities in directions
X, y and z, respectively

In an unsteady flow, the path of a particle is a
streamline. Which one of the following combinations
of the statements is true?
@ (@), (), (V)

(© (1), (), (iv)

z
W is the.differential equation of a

(iv)

(b) (i), (i), (iv)
(d) @), ), (i)

Consider a velocity field V= K y1+xk ww‘ 2.

constant. The vorticity, Q Zf‘# o

@ -K ®) K

(¢ —-K/72 (d) K2

Length of mercury column at a place at an altitude will vary

with respect to that at ground in a

(a) linearrelation

(b) hyperbolic relation

(c) parabolic relation

(d) manner first slow an\?ﬂ then steeply )

A type of flow in' W 1(‘ ¢ fluid particles while mo%ing in

the direction of flow rotate about theirass centre, is called

(a) steady flow (b) /uniform flow

(c) laminar flow (d).rotational flow

A-2d flow having velocity V. =(x 2y # 2) i + (4—y)j will bé

(a) compressible and irrétationl

(b) compressible andmnotirrotational

(c) incompressibleand irrotational

(d) incompressibleand not irrotational

Buoyant force is

(a) resultant of upthrust and gravity forces acting on the
body

(b) resultant force on the body due to the fluid surrounding
it

(c) resultant of static weight of body and dynamic thrust
of fluid

(d) equal to the volume of liquid displaced by the body

If cohesion between molecules of a fluid is greater than

adhesion between fluid and glass, then the free level of

fluid in a dipped glass tube will be

)

24,

25.

27.

28.

30.

31.

32.

33.

(a) higher than the surface of liquid

(b) same as the surface of liquid

(c) lower than the surface of liquid

(d) unpredictable

In a pipe pitot tube arrangement the static stagnation head
is 20 m and static head is S5m. If the diameter of pipe is 400
mm. Find the velocity of flow of water in pipe

(@ 17.15m/s (b) 2222m/s

(c) 38.76mv/s (d) 42.85m/s

Depth of oil having specific gravity 0.6 to produce a pressure
of 3.6 kg/ecm? will be

(a) 40cm (b) 36cm

(¢) 50cm (d) 60cm

The capillary rise in a narrow two-dimensional slitof width
‘W’ is

(a) halfofthatin a capillary tube of diameterw’

(b) two-third ofthat in a capillary tube of diameter ‘w’
(c) one-third of that in a capillary tube of diameter ‘w’
(@) one-fougth ofthat in a capillary tube of diameter ‘w’
For a turbulent flow in‘pipe the value of y at which the point
velocity“is equal to thesmeans yelocity of flow, is (y is

measured.form pipe axis
(a) 0.772R (b) 0.550R

@ Tr _CA d) 0314R

essure in ata &epth of 1 m below the free surface
of a body of wa@vmvl be equal to
@) DR W (b) 98.1Pa
(c) 98‘&" (d) 9810Pa
A circular disc of diameter ‘d’ is slowly rotated in a liquid of
large viscosity | at a small distance h from a fixed surface.
The minimum torque required to maintain an angular velocity
o will be

und*o und*o
@ o ® 5

und’ o und’®
© o @ sh

Viscosity of a fluid with specific gravity 1.3 is measured to
be 0.0034 Ns/m”. Its kinematic viscosity, in m?/s, is

(@) 2.6x10° (®) 44x10°°

() 58x10° (d 72x10°

The shear stress at a point in a glycerine mass in motion if
the velocity.gradientds.0.25 metre per sec/per meter, will be
(@) 0.0236 kg/m’ (b) 0.02036kg/m>

(¢) 0.0024kg/m? (d) none of these

The general equation of continuity for three-dimensional
flow of a incompressible fluid for steady flow is

Ju oJv ow Jdu dv odw
@ ooyt Y ®) %oy oz
Jdu BV ow Jdu Jdv oJw
(©) ~ a—y F. =1 (d &-Fg-kg:u.vw

where u, v and w are components of velocity in X, y and z
directions respectively.

The pressure in meters of oil (specific gravity 0.85)
equivalent to 42.5 m of water is

(a) 425m (b) 50m

() 525m (d) 8Sm



A-90 Fluid Mechanics
34. The cause of turbulence in fluid flow may be AL V2 AL V2
(@) high Reynold number (@) 4 2e (b) & 2a
(b) abrupt discontinuity in velocity distribution & &
(c) critical Reynold number v 4L v
(d) existence of velocity gradient without abrupt © 2g (d) nd 2g
discontinuity s . 44. Value of coefficient of compressibility for water at ordinary
35. For an irrotational flow the equation G_dz) + 6_(1) is known pressure and terr;perature 1 ;
ox" 0oy (a) 1000kg/cm (b) 2100kg/cm

36.

37.

38.

39.

40.

41.

42.

43.

as
(a) Bernoulli’s equation

(b) Cauchy Riemann’s equation
(¢) Euler’sequation

(d) Laplace equation.

A control volume refers to

(a) a closed system (b) aspecified mass

(¢) an isolated system (d) afixedregion in space
The pressure coefficient may take the form

AP AP

(@) Giuv (b) (V'L
AP ou’

(© 20VTo) (d) IAD

Pressure force on the 15 cm dia head light of an automobile
travelling at 0.25 m/s is

(a) 104N (b) 6.8N

(¢) 48N (d 32N

A fire engine supplies water to a hose pipe L m long andD.
mm in diameter at a pressure P kPa. The dischafge en

the hose pipe has a nozzle of diameter d fixedto it.
the diameter d ofnozzle so that theimomentu

it may be maximum ; g
Y D’ 1/4 " f i%s 14
o o) ® 4 (5]

(D 15 . pi /s
©0 - (3] odNT)

When pressure p, flow rate Q,diameter D, and density.d, a
dimensionless group is represented by

pQ’ oy |
(€)) dD” “ (b) dQA2D4 q
pD*d pD*
(C) QZ (d) dQZ

Maximum wall shear stress-forilaminar flow in‘tibe of
diameter D with fluid propertiest and p will be

3200042 6400
(a) pD3 (b) pD3

160002 8000y
© ~opit o~

Air flows over a flat plate 1 m long at a velocity of 6 m/s. The
shear stress at the middle of plate will be

[Take S=1.226kg/m>, v=0.15 x 10*m%/s (0.15 stokes) for
air]

(a) 84.84x10°N (b) 92.69x 10°N

(c) 67.68x10°N (d) 103.45x10°N

The friction head lost due to flow of a viscous fluids through
a circular pipe of length L and diameter d with a velocity v,
and pipe friction factor ‘f* is

45.

46.

47.

O

P
heissuing

49.

50.

(¢) 2700kg/cm’ (d) 21,000kg/em?

Crude oil of kinematic viscosity 2.25 stokes flows through a

20 cm diameter pipe, therate of flow being 1.5 litres/sec. The

flow will be

(a) laminar (b) turbulent

(¢) uncertain (d) None of these

Pseudo plastic is a liquid for which

(a) dynamic viscosity decreases as the“rate of shear
increases

(b) Newton's_law of viscosity holds. good

(c) dynmamiegyiscosity increases as. the rate of shear
increases

(d) dynamic viscosity incréagesiwith the time for which

shearing forcesgase, applied.
Matc%List I wi Li@nd select the correct answer
using the co iven "Below the lists.
L4
v

", List I List I1

(Loss) A & (Parameter responsible)
A. L%y@Loss l.  Zero at design point
B~ “Friction Loss 2. Proportional to head
C. .« Entrance Loss 3. Proportional to half of

relative velocity square.

Codes

A B C A B C
(@ 1 2 3 by 2 3 1
© 1 3 2 d 2 1 3

The velocity potential in a flow field is ¢ = 2xy. The
corresponding value of stream function is
@ (v2=x2) +constant (b)(x2|=32)+ constant

1
©) E(XZ — %)+ constant (d 2 (x—y) + constant

Consider the following

The components of velocity ¥ and v along X and Y
directions in a two dimensional flow problem of an
incompressible fluid are

(@)= = x2'cos'y *v = — 2x sin y

i) u=x+2;v=1-4

(i) u=xyt;v=2x3 -2

i) Inwu=uxty; v=xy -y

Which of that will satisfy the continuity equation ?
(a 1,2and3 (b) 1,2and4

(¢ 2,3and4 (d 1,2,3and 4

Consider the following statements regarding bernaulli's
theorom for fluid flow
1. Conservation of energy

2. Steady flow
3. Viscous flow
4. In compressible flow

Which of the above statements is/are correct?
(@ 1,2and4 (b) 1 only
(¢) 2,3and4 (d 1,2,3and 4
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ANSWER KEY

1 (d) 9 (b) 17 (d) 25 (d) 33 (b) 41 (c) 49 (a)
2 (d) 10 () 18 (a) 26 (a) 34 (d) 42 (b) 50 (a)
3 (a) 11 (d) 19 (d) 27 (c) 35 (d) 43 (a)
4 (a) 12 (b) 20 (d) 28 (d) 36 (d) 44 (d)
5 (c) 13 (a) 21 (d) 29 (a) 37 (b) 45 (a)
6 (d) 14 (b) 22 (d) 30 (a) 38 (b) 46 (a)
7 (b) 15 (c) 23 (c) 31 (b) 39 (b) 47 (a)
8 (b) 16 (a) 24 (a) 32 (a) 40 (a) 48 (a)

mmmmmp  H|NTS & EXPLANATIONS

IIIIIII1'

1.

(d) For two-dimensional flow, continuity equation has to
be satisfied.

. ou . .
Since, (Tz =0 : for 2-dimensional flow.
D,

ou ou

v +dv — fluid flow

= rate of change of shear strain.

ou  ov ou ov
V=0 = 5 T
ox oy b3 y .. Convective acceleration.= u('Tx tv v
(d Pressuredrop across astraight pipe of length L is given ) ) g Y
by 5. (¢) ForNewtonian fluid,
32uv, L dy

Ap = av. ; ar stres; &

P=— 3 (D) _She Q dy
Here, ' u,, = = (i) a > Where:g‘;:’%dty gradient

2
From Egs. (i) and (ii), e -
_16pu,L }
154 2
@@ Given ux%t andwv =— 2%yt y dy ’
0
We know, T\V =v=—2xyt (1)
0x
0 X)) N NNNNNNNNNNY
and X = —u=—x’t (i)
o N dy
Integrating Eq. (1), we.get i d
v = x4yt + f{y) --{(ii1) dx
Differentiating Eq.'(iii) w.r.t. y (iv) we get o dt dy
oy A
— =—x"t+f’(y) ...(iV) = (dx /dy)
A dt
From equation (ii) putting value.of =i equation (iv) ( dx/ dy)
0 AW
A where,

we get,
—x2t=—x2t+f'(y) 6. (d Continuity equation
Since, f(y)=c¢ Vev=0

=S y= —x? ytt'c
cisa n121mer1ca1 constant taking it zero. o v ow -0
=Xyt ox Oy oz
For the equations of streamlines, y = constant
. —x2yt = constant
For a particular instance, x2y = constant
(@ Inatwo-dimensional velocity fluid with velocities u, v
along x and y directions.
Acceleration along x direction

a, =a + 70

X convective 3temporal or local

ou
=u—+vVv— + W
ox oy 0z ot
("

temporal acceleration

Compressive flow
Free surface flow
Boundary layer flow
Pipe flow

%‘/—/ .
convective acceleration Heat convection

Multiplying by density on both sides, we get,

This is the equation for compressible flow.

Weber number

Froude number

Skin friction coefficient
Reynolds number
Nusselt number
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8. () The relation between head and power is given by AP 2 Twxr APD
Pu = Power/Head ! —=x =TW=—-
L r 4L
Thus, Poweri - Powerz1 . ) 21. d) u=x+2y+2
(Head;) ” (Head,)" v=4-y
Given, power, = 1000 kW, Head; =40 m =4 ov —1_1=0
Head, =20m ox Oy
Putting values in the Eq. (i) and solving, we get As it satisfy the continuity equation for incompressible
Power, =353.6=354kW flow so this is incompressible
10. (c¢) In case of two fixed parallel plates, when the flow is 1Tov ou
fully developed, the ratio v, /v, is given by W= = N AL 1[072] -
Y 3 X e z 2| 0x 0Oy 2
Vm—ax = 3 and since rotational component is not zero so-flow is
avg not irrotational.
Thus, vy, =(2/3) X V. =2x6/3=4m/s 24. (a) stagnationhead=20m
11. @ p,=1bar,p,=30bar statichead=5m
p=9900 kg/m?>. dynamichead=20-5=15m
m 2
Specific work done W= Vdp = ;dp Now, ?gf &)
u=47.15m/s
W dp (30-1)x10° "8
—=—=—=———=293klkg v-u
m p 990 x1000 27. +3.75
12. () A streamline and equipotential line in a flow field are
perpendicular to each other (because, when (slope),
and (slope), are multiplied and we get, (slope) 375=0 i}
(slope)y =—1 %gﬁ
13. (a) Assumption : X

(1) Flowis steadyy (i.e

- & ~ 6
(@) Fully developed the a() — 0 ; properties are not

changing in the direction of the flow.

....... PR

P—>
b A
I L >
—  Pressure is constglnf al‘oaé the vertical axis.
—  Pressure alonghorizontal axis does change.

AP.P,.P¢<0
Apply N2M(2") over the length /

= Pm?—(P|—|AP|) mr? - 2mr [,
Ap_ 2t
L 6L

Neither P nor / depend as on r.

T
So, = is independ at then (t = r where (is on stat)
Atcenterr=0,t1=cx0=0

2T wr
D

T=

% =0223 =y=0223R

Consider an element of disc at a distance r and having
width dr.

Linear velocity at this radius = r®»

du
Shear stress = “d_
Yy

“torque=shearsstress X area xr =t2wrdr xr

e e
= ”d_ 2mur’dr
y
assuming that gap h is small so that velocity
distribution may be assumed linear

@ o
dy h
ro 2num
dT= P—TZTﬂ'zdI‘: nl};l r3dr
d/2
27po und*o
= 3 =
T _([ h r’dr wh
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AP 32ux2000p°  64000p>

d
31. () Velocitygradient= d_u =0.25 m/sec meter
y

L pbD? T oD’
e Vissty o020 10 e 16000y
Shear stress = n 3—; =pv 3_3 T T oD
1293%630% 104 %025 (Asp=1293) 42 () R.= TL - %:4 < 10°

_ 2
=0.02036 kg/m Hence the boundary layer is laminar over the entire

w length of the plate.
39. () Momentum of issuing jetis M= — QV,

g 5 — g [ _  [1x015x10"
w nd® 5V1x0.15x10* =54/~ \/—6

_wrd e |
g 4 =791 x10°m=7.91 mm
from continuity equation 6x0.5
= ————— =2 x 10’ (for middIé point of plate)
T, T, 0.15%x10
Q=-DV,==4d,
4 4
. ) 1.328 1.328 b
IfH is the head causing the flow, then Cp= 3 =2.1x10
2 2 Rec, - "V4x10’
V; N LV, e
= —+— i
2¢  2gD .
1226(6)°
X —

=92.69 »;40-3N

%%_

1scosity, b =2.25
ofpipe,d=20cm
Rateof flow = 1.5 liters/sec

Now to find the flow we must know the reynolds
number

vd
Re: i
v
15000
M _ DS 2d4(D?\+ fid*) - d* (4f1d°) So, L=—>—~———=47.75 cm/sec.
= = —3 3 E =5 Y
dd =" T 5 \ (ij(zo)z
) " q
5 1
d_(D_ b | o od [0 4775008 T
fL ow, Re=" 225
4. (© u= __l(a_P)(roz - r2) _ o ’ % ) R, =424.4, means Reynolds number of this flow is less
’ 4p\ o [} v | then'2000 (424:4<2000)
D( &P “D P - 7 7777 7 Hence the flow is “Laminar”
W= 4 Tk atr= > 48. (a) GiV§n here, ¢ = 2xy, conidering the following
. 32uVL relation,
D g v
AP 432,V 70T oy
L D’
ov _( 2 ov)_2
For 1, to be maximum T should be maximum so V ox dy Ox Ox
should be maximum. In laminar flow, maximum velocity b ) oy
will be 2 _ —Quw)=2y=-—"
ox  Ox oy
D ..
attained when =2000 Similarly,
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49. (a) If flow in 2D, continuity equation becomes,

0
x Oy
On integrating, I%—i’= 2x=>y= —%+c(y) So, for (i), u=x? cos y, v=— 2x sin y
oy %JF% = 2xcosy—2xcosy =0
v ey Ou Ov
JC'(y) :Izy for (ii), a+5=1—1=0
c(y) = £+c1, Ithen, ¥ = -2’ +£+cl for (iii) Z_Z"'? = yt—% =yt =0

2

2 2 g -
y =y> -~ x?+¢, or y> — x> + constant o Ou v 1
: Q




CHAPTER

HEAT TRANSFER

e  Thenecessary condition for heat transfer is the presence of
temperature gradient.

° Heat transfers occurs spontaneously from high temperature
to low temperature.

° There are basically three modes of heat transfer
(i) Conduction
(i) Convection
(i) Radiation

Conduction

° This mode of heat transfer requires a medium.

° 70% of the heat transfer takes place via valence electrons
(i.e. electron gas) and the remaining by lattice vibrations:

° All metals which are good conductors of electricity are

good conductors of heat due to presence 0
electrons.

e Among Non-metals, Diamond isthc exqeptlon asitis a very
good conductor ofheat (K jymond = 2100 W/mK)

® K]iquids > Kgascs

° Thermal conductivity ‘K’ is a property of material and is a
function of temperature only.

Fourier’s Law of Heat Transfer.

Energy is transferred by conduction and that heat transfer
rate per unit in proportional to the normal temperature gra-

dient.”
Q. dr
50, A ax
Q= KAdl =\
dx

A : area of heat transfer
K : thermal conduetivity

T
Ix : temperature gradient
X

Q : heat transfer

Thermal conductivity :(K):

It is a physical property of a substance which represents
the ability of that substance to transfer heat.

Q dx

So, K=— A dT

é A ,,{f‘:;\ﬂ?

HEAT TRANSFER

Conduction through a slap with variable thermal conduc-
tivity:

_ KmA (Tl _T2)
Q= b

where, K = Average value of thermal
conduectivity at mean temperature.

- Kol:l+§(t1 ¥ty ):l

Conductio; Throu

Sefor Homogeneous

-

KA (T, - T,)
b

AT

T,>Tyq=

= q=
(b / KA)Thcrmal resistance for a slab

Electrical Analogy
1—q, Voremf >AT, R—> Ry

Conduction Through Composite Slab

T.e
w (e
K, K,
T,
< b, N b, >
Rt
KA
q= AT
b, , b,
KA KA
AT:TI*T:{

Conduction And Convection Heat Transfer Through a
Composite Slab

Te>T,>T,>T;>T.



A-96

Heat Transfer

Cool

Hot .
fluid ' Ky Tﬂ“'ﬁ
TG “TZ K2 0 'l

hg T,

. by . b, s
AT
1= b b 1
L, %

+ +
hgA KA K,A h A
where AT=Tg-T,
U — Overall heat transfer coefficient

o bbby T

u h; K, K, h
Q=UAAT
Conduction heat transfer through a hollow cylinder

o0

= ——
Rty

where Ry : Thermal resista cylinder

Inty /1

2nKL
K : thermal conductivity
L:length

Composite Cylinder with ynduction and Conveetion
T, > 1> T8> Ty * o
-~

J3

ai . T,

TH =

T
1 Inr,/r,

Inry/r, 1
h,2nr L 21K, L

21K, L h,2mr,L

The thermal circuit of the composite cylinder is as shown above.

q= ?{T where AT=Tg-T,

2TH

1 +1nr2/r1 +1nr3/r2 N 1
h;2rgL  2nK,L 2nK,L h,2rgL

TH

For hollow cylinder to be equivalent to a slab, it should offer
same thermal resistance and must have same thickness.

Inp,/n, _n-g
2nKL KA

mean

A _ A2_Al
men 0 (A, [ A,)

Logarithmic mean area

=

Conduction Heat Transfer Through a Sphere

-
R _h~h : _Tl_Tz
TH 41 Ky, s "19 Ry
CriticalRadiu,
1vity of insulation

efficient of ambient surroundings
2K

For sphereyry = o

A

qmax

f

q

r, =K/h radius (r)—>;
Generalised Equation of Conduction Through a Slab one-
dimensional Heat Conduction

q* — rate of heat generation per unit volume

T=1(t,x)
T=time
T:time
T T T q 10T
T temperature| - 2 oy o2 K oot (&)

where o : thermal diffusivity
K

G
pCp
——
K =thermal conductivity
pC,, = thermal capacity
If conditions are steady,
CL
ot
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Ifthere is no internal heat generation,
q*=0

IT OT T
= | ox? 6y2 oz’

(=

Laplace equation in ‘T’

In equation (A), there is only one assumption i.e. thermo physical
properties o, p, C, and K remain constant with respect to time. In

o T
case the conduction is one dimensional, 6_2 =0
X
FINS
° Fins are added to surfaces which have low coefficient of
heat transfer.
° Fins increase the heat transfer rate by increasing the surface
area.
° In order to accomodate more and more number of fins, their
thickness is kept small.
l— TempT,
/1 O T,
At
%

T : base temp. of fin

T, : ambient temperature
T=1(x) S

[ : length of fin

t : thickness of fin

z : width of fin
The differential equation governing heat transfer in a ﬁ*given
" q

by, o
w ey B
1 m-0=0 ...(B)
where 0=T-T,,
! v
B hPe"a"8.
= 2

The solution of above differential eq" is given by
0=C,e"™+C,em

The constants C; and C, are determined by using boundary

conditions.

Case I : Fin is infinitely long

—mx

T-T, 6
T,-T, 6  ~ \ka

Case I1 : Finite is finite in length and its tip is insulated

T-T, © coshm(L -x) me 'hP

>

T, -T, 6, cosh mL kA
dfin=+/hP KA 6, tan h mL
Case I11 : Fin is uninsulated
T- Toc h L -
:i:cos m (L, —x) LC=i+L
T T, 6, cos hmL 2
(For rectangular fin)
or L.=L+d/4 (For cylindrical fin)
F in Efficiency (1 )
B Actual heat transfer
Nin™ \faximum heat transfer possible
f 7
or case [ =

Actual heat transfer

> q with fin
- q without fin Rate of heat transfer

Eﬁn

° €qn > 1, only then it is advantageous to use fins.

1
in € —
S \/E

Hence, for a very high value of ‘h’, the effectiveness of fin is
quite less due to which the purpose of providing the fins is
defeated.

Transient or Unsteady State Conduction

In such a mode of heat transfer, temperature varies with timei.e.

T=1(7)
Tl — Too /T
The equation-governing the process is | 1 _ = 1.0
T:time
: VG v
T : time constant, T = hA X

=S = S=1/3 for sphere
Also, S=r/2 for cylinder where r radius
The above analysis is valid only when Biot No. is less than 0.1

Biot N UL
iot No=--

h =heat transfer coefficient
K = thermal conductivity
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In the above eq" (c), Logarithmic Mean Temperature Difference (LMTD)
T; : Initial . AT, - AT,
T, : Temperature of surrounding AT, = ————
In AT; / AT,

T : Temperature of body at an instant t.
The above equation (c) cannot be used if Biot No. is greater
than 0.1.

HEATEXCHANGERS

Heat exchangers are steady flow adiabatic devices used for
exchange of heat between a hot fluid and a cold fluid

Ex. Steam condensor air preheater
TYPES OF HEAT

EXCHANGERS
Direct Direct Storage
Transfer Contact or
type type Regenerating
(Fluids don’t (Mixing of type
come into both fluids) (Usage of
contact physically) high capacity

cellulose matrix)

Parallel flour Counter flour Cross flow
Heat Exchangers heat exchangers

Example of Direct Transfer type
° Economiser

° Super heater

° Radiator

o Shell and Tube

Energy Balance Equation fo r o

my Cp, (T - T, ) = IthpC (Te =T4)
: Mass flow rate of hot fluid

: Mass flow rate of cold fluid

. - Temperature ofhot fluid.at inlet

The : Temperature of hot fluid-at exit
T : Temperature of cold fluid at inlet

Tee : Temper;ixﬂf c‘l fluid at exit
(Cp : Speci at ofhot fluid
(Cp). : Specific heatof cold fluid

I e W SN ;
T, = = ‘ﬂ>r|——>he

my

qu o N o qu
77777777777, /77TI7TTIVTTTTTTT,
T. 17 T v
ci L~ ce R L
> =» < o
Tce Tci
x=01 IX=L I |
Tl i i |
! | Thi \\_I
i i i Tho
1 I I
The Tce I
——!T.
|TCe : : ¢
1
Tci
PARALLEL FLOW HEAT COUNTER FLOW HEAT
EXCHANGER EXCHANGER

. In both parallel and counter flow heat exchanger, AT is a
function ofx.

The above formulae remains same for both parallel and counter
flow heat exchangers.
For parallel,
ATi = Thi — Tci and ATe = The — Tce
For counter,
AT;=Tp =T, and AT.=T,.—Tg
Special Case
When capacity rates are equal
ie. m, G, =mC,
- AT,,=AT; = AT,
Number of Transfer Units (NTU)

(MCpgyal |
Heat Exchanger Effectiveness n(b

'w
For any heat exchanger

: capacityfatio

For any heat eXChanger,
&= f(NTU, C)
_ (ri?CP)small 0<C<1
(mCp )big

During phase change C =0
| — e (1+eNTU

B I+¢

1 — ol o) NTH

€ counter — 1— cef(lfc)NTU

Special Cases

Casel- ' When-one-of the fluid undergoes phase change
€11 = €counter — 1 - eiNTU
Casell (When capacity rates are equal)

i.e. thPh = IhCCPC
1—e 2NTUY NTU
€11 = T € counter — m .

Fouling Factor (R)

It is a factor which takes into account the thermal resistance offered
by scales and chemicals deposited on the heat transfer surface.

1 1

Vdirty Uclean

Ry
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RADIATION
. Radiation is the only mode of heat transfer which doesn’t
require any medium.

. Range of thermal radiation is 0.1 pto 100 .
Total hemispherical emissive power (E)
It is the energy radiated per unit time and per unit area from a

surface in all the hemispherical directions when integrated over
all the wavelengths.

Emissivity (&)
E
e= —
E,
E, : Total hemispherical emissive power of a blackbody.
Blackbody is a body which absorbs all radiations incident on it.
Monochromatic Emissivity (€;)

E,
(&)=
Eps.

E; : Monochromatic emissive power of a non black body
Eyy.: Monochromatic emissive power of a black body

"y
0

Such a body whose monochromatic emissivity is independent of
wavelength is known as grey body

Absorbtivity (o) : Ratio/fraction of incident light absorbed by/the
body

Reflectivity (p) : Ratio/fraction ofincident light reflected by body.
Transmissivity (1) : Ratio/fr‘:ﬁ'@‘n of incident light transmitted
" e

by body
.

For opaque body, =0

For black body, o = 1 -

For white body, p=1 N Y

Radiation Laws

(i) Kirchoff’s Law: Eor.a body in thermal equilbrium with its

surroundings,

(ii) Planck’s Iiaw of Radiation: It is the real law of radiation.
According to this law,
Ep =1, T)

2nC,

B = 235 {ecz/n _ 1}

C,, C, are constants

T : absolute temperature of blackbody
Eyy, : monochromatic emissive power of blackbody

Wein’s Displacement Law
According to Weins law for a black body

Ay, T = constant

where T : absolute temperature of blackbody

Am : wavelength corresponding to maximum Ey, for a given
temperature

Thus, it can be inferred that as the temperature of blackbody
increases, the wavelength corresponding to maximum
monochromatic emissivity (Ey, ) decreases.

STEFAN’S BOLTZMANN LAW
According to this law,

E,=c T4
T: absolute temperature of blackbody

where Ey: total hemispherical power of blackbody

w
0=5.67x10% — 7

S

e
o: Stefan’s constant

1
1
1
| \
1
1
1
(

S
AN
[N
[BEAN

! ! N
1

()"m)?: (xm)Z (7"m)1
A (wavelength) um ——

N

\ 4

Shape Factor
Fy, : fraction of energy emitted by 1 and reaching 2.
F,, : fraction of energy emitted by 2 and reaching 1.
For flat/convex surface F; =0
If there are a number of surfaces involved in radiation heat
exchange,
Fi+Fp+ . F=1
le + Fzz +.. an: 1
F31 0y F32 oo F3n= 1

Reciprocity Theorem
AlFp=A) Fy

Radiation Heat Exchange Between Two Infinitely
Large Parallel Plane Surfaces

surface 1, Ty, g,

\ surface 2, T,, &,

T,>T,
Fp=Fy=1
Fi1=F»=0

Here, ©=5.67 x 1078 W/m2K*
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Radiation Heat Exchange Between Two Long
Concentric Cylinderical Surfaces

T,>T,

o(T - T) A
oA (L

§ A \g

q= 3 6=5.67x 103 W/m2K*

The above formulae is also applicable to those cases in which a
small body is enclosed by a large one.

Under such a situation
Ay/A, = 0 (as A, is very small compared to A,)
q=o(T*-Ty) A€,

Radiation Networks
Irradiation (G) : It is the total radiation energy which is incident
upon a surface per unit time and per unit area.

Radiosity (J) : It is total radiation energy leaving from the surface
per unit time and per unit area.

/.
J=E + pG whg
qnct:(JfG)A

There are two resistances i.e. space resistance and surface
resistance.

qnet qnet
Ji o> WW——e y, Ef—>—WW——F ey
e [
FiaA ~ T
I -1, O B, |
L — «
Y. — AE
q= E.A ! 0| =g
L 12771 _ISpace tesistance LAAY
Surface
Tesistance

Radiation Shields T
Consider the following two platés,-" .

®
N

N T,>T,

\\\\@

/

AN
Vo4

In the above arrangement of two plates, there are three resistances
ie.
1-¢ I-¢
2 surface resistance i.e. n
surface resistance i.e Ag 2 d A &

1 space resistance i.e. 1/F, - A,

. In order to reduce the heat exchange between the two plates
a shield is added.

. The addition of shield increases surface resistance by two
and space resistance by one.

. The shields having high reflectivity or low emissivity are
used.

( q) :
A with 'n' no. of n+l without any shield
shields

formulae to be used when all emissivities are equal.

CONVECTION

° Convection heat transfer is another mode of heat transfer
which requires mediums.

° Convection is of two types
(i) Forced convection
(i) Free/Natural convection

Dimensionless Nufbers

(i) Reynold’sNO'(Re) S

flow only

low is laminar | for pipe
w is turbulent

0> Flow is turbulent

is laminar | flow along
for plate

Nusselt No. (N,)

Nu:h—A, N, >1
K

u

(1if) Prandtl No. (P,)

K
In the definition of above dimensionless numbers,
K : thermal conductivity
h : heat transfer coefficient
L : dynamic viscosity
Cp : specific heat at constant pressure
p : density
V : average velocity
Thermal Boundary Layer

Similar to hydrodynamic-boundary layer inside which velocity

gradients are seen in normal direction to the plate, thermal

boundary layer is also a thin region inside which temperature

gradients are present in a direction normal to the plate.

e  The gradients are formed due to transfer of heat between
the plate and the fluid.

P,

A

T, temp. of plate
T T_: ambient temp
8, : Thermal boundary
layes thickness

-
> i
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Boundary Conditions of Thermal Boundary Layer Free Convection
aty=0T=T, e Free convection is generally associated with very low value
y=&T=T, of heat transfer coefficient.
oT e  Flow ocurs due to buoyancy forces arising out of density
y=25 g =0 changes of fluid.
5 Rayleigh No (Ra) It is the product of Grashoff No and Prandtl No.
y=0 oT ~0 If Ra>10° = flow is turbulent
oy* Ra<10° = flowislaminar

e It can be seen from the above diagram that as x increases, ~Ra=GrPr
the thickness of thermal boundary layer also increases.

bere e 22 BATL
u aT LV ar _ o 62_T Energy eq" for Thermal where b (n/ p)2
ox a9y dy* | boundary layer B : isobaric volume expansion coefficient of fluid

Here o= thermal diffusivity
T =temperature

The relationship between thermal boundary layer (5;) and
hydrodynamic boundary layer is

Reynold’s Colbur alogy

Reynold’s Colbur
at any distance ft

alogy can be used to fund the value of ‘h’
the leading edge of the plate.

film temperature

WHILEIENIOYING
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EXERCISE

III1

1. Hotoilis cooled from 80 to 50°C in an oil cooler which uses
air as the coolant. The air temperature rises from 30 to 40°C.
The designer uses a LMTD value of 26°C. The type of heat
exchange is
(a) parallel flow (b) double pipe
(¢) counter flow (d) cross flow

2. The following figure was generated from experimental data
relating spectral black body emissive power to wavelength

at three temperatures
A

Bl

=

| =
NE T )
= &
5 5

v

A(pm)
T,, T,and T4(T, > T, <Tj)
The conclusion is that the measurements are
(@) correct because the maxima in Ey; show that Cort:
trend
(b) correct because Planck’s laws satisfied
(c) wrong because the S#a@oltzinpnn’s
satisfied
(d) wrongbecause Wien’s displacement law 1S not satisfied
3. In case of one-dimensional heat conduction in a medium
with constant properties, T is the temperature at position X,

T
at time t, then —- is propostional to

ot s ",

T - .“il N = K
e BN ™ 0 5=
°T 03T
© et [ (d:a- oY

4. With an increase in thickness of insulation around a circular
pipe, heat loss to surrounding due to
(a) convection increases, while that due to conduction
decreases
(b) convection decreases, while that due to conduction
increases
(¢) convection and conduction decreases
(d) convection and conduction increases
5. A 100 W electric bulbwas switchedonina2.5mx3mx3m
size thermally insulated room having a temperature of 20°C.
The room temperature at the end of 24 h will be
(@) 321°C (b) 341°C
(c) 450°C (d) 470°C

6. Which one of the following configurations has the highest
fin effectiveness?
(a) Thin, closely spaced fins
(b) Thin, widely spaced fins
(¢) Thick, widely spaced fins
(d) Thick, closely spaced fins

7.  For an opaque surface, the absorptivity (o), transmission (T)
and reflectivity (p) are related by the equation
(@ oatp=1 (b) pta+1=0
(©) atp=1 d o+p=0

8. Consider one-dimensional steady state heat lconduction
along x-axis (0 < x < L), through a plane wall with the
boundary-surfaces \(x = 0 and,x = L) maintained at
temperatures of 0°C and-100°C. Heatis generated uniformly
throughout the wall. Choose the CORRECT statement.
(a) The direction.ofsheatgtransfer will.be from the surface

)‘ ‘The maxi temperature inside the wall must be

greater th OO?

(¢) The tem‘a"re distribution is linear within the wall

(d)~ Thestemperature distribution is symmetric about the
mid-plane of the wall

“‘ - 9. The one dimensional heat conduction partial differential
aw is’ not

_ T _’T
equation a = 8)(72 18
(a) Parabola (b) Hyperbola
(¢) Ellipse (d) Mixed
10. What does transient conduction mean?
(a) Heat transfer for a short time
(b) Conduction when temperature at a point varies with
time
(c)  Verylittle heat transfer
(d) Heat transfer with very small temperature difference
11. For the distribution curves shown, which of the following is
NOT correct?

270 M

1270 M

7270 M

Relative number of maleufes
with given speed, v

1000 2000 3000

V(m/sec)—
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12.

13.

14.

15.

16.

17.

18.

19.

(@) There is a broader distribution of speed among
molecules at higher temperatures.

(b) Atlower temperatures there are more molecules which
have the average speed.

(c) At higher temperatures the average speed is greater

(d) At lower temperatures there are more molecules in
motion.

Free convection flow depends on all of the following EXCEPT

(a) density

(b) coefficient of viscosity

(c) gravitational force

(d) velocity

Hot air enters a single pass counter flow heat exchanger at

700 k and leaves at 400 k. The cooling water enters at 300 k

and leaves at 600 k. The LMTD for heat exchanger is

(a) 100k (b) 156.5k

(c) 1443k (d) 200k

The wavelength of the radiation emitted by a body depends
upon

(a) the nature of its surface

(b) thearea of its surface

(c) thetemperature of its surface

(d) all the above factors

The radiative heat transfer rate per unit area (w/m?) between

two plane parallel grey surfaces whose emissivity is 0.9 each

and maintained at 400k and 300k is

(@) 992 (b) 812

(c) 567 (d) 464

A 20 cm-dia, 1.2 m long cylinder losegheatfrom its p

surface by convection. Surface tempesature

is constant at 100°C and th i IfCmpegatire is'constant at

20°C. The average convection heat transfer coefficient over

the surface of the cylinder is 25 W/m2 K. The heat transfer

rate is

(@) 120nW (b) . 240 TW

() 320nW (d) 480mW

Emissivity of a body is equal toabsorptivity if the'body.is

(a) inthermal equilibrium (b) at low temperature

(c) athigh temperatursc (d) None of'these

In current carrh}xﬂ tors, if the radius ofthe conductor

is'less than the“eritical radius, then addition of electrical

insulation is desirable, as

(a) itreduces the heatloss from the conductor and thereby
enables the conductor fo.carry ahigher current.

(b) it increases the heat loss from the conductor and
thereby enables the.conductor to carry a higher current

(c) it increases the thermal resistance of the insulation
and thereby‘enables the conductor to carry a higher
current.

(d) itreduces the thermal resistance of the insulation and
thereby enables the conductor to carry a higher current

Thermal boundary layer is a region where

(2) inertia terms are of the same order of magnitude as
convection terms

(b) convection terms are of the same order of magnitude
as dissipation terms

(c) convection terms are of the same order of magnitude
as conduction terms

(d) dissipation is negligible.

20.

21.

22.

23.

24,

O

’l‘

25.

26.
27.

28.

Solar radiation of 1200 W/m? falls perpendicularly on a grey
opaque surface of emissving 0.5. If the surface temperature
is 56°C and surface emissive power is 600 W/m?2, the radiosity
of that surface will be

(@) 600 W/m?2 (b) 1000 W/m?

() 1200 W/m? (b) 12000 W/m?2

Three fins of equal length and diameter but made of
aluminium, brass and cast iron are heated to 200°C at one
end. Ifthe fins dissipate heat to the surrounding air at 25°C,
the temperature at the free end will be least in case of

(a) aluminium fin

(b) Dbrass fin

(¢) castiron fin

(d) each fin will have some temperature at the free end

A furnace is made of a red brick wall of thickness 0.5 m and
conductivity 0.7 W/mk. For the same heat loss and
temperature drop, this can be replaced by a layer of diatomite
earth of conductivity 0.14 W/mk and thickness

(@ O (b). 0.1m
(¢) 02m : (d) 0.5m
Absorptivity of all bodiessmust li? between
(@) Oand0.1 (b) —=land+1
(© O,gnd 1.0 ‘ (d) None of these
ﬂle’ dimensio@gmula of s

v Crnin
@ e ise ®) MLeT 00

© MeLT202 (d) Dimensional less
Consider a hydrodynamically fully developed flow of cold
air through a heated pipe of radius r. The velocity and
temperature distributions in the radial direction are given by
u(r) and T(r) respectively. If U_ is the mean velocity at any
section of the pipe, then the bulk-mean temperature at that
section is given by

" 2 B u(r) T(r)
@) (j)u(r)T(r)r dr (b) (j) —— dr

0w (r)T(r)dr 2 r0
R W g W)

In a heat exchanger, the hot liquid enters Wlth atemperature
of 180°C and leaver at 160°C. The cooling fluid enters at
302C and leaver at 110°C. The capacity ratio of the heat

exchanger is
(@ 025 (b) 040
(c) 050 (d) 055

Heat is lost from a 100 mm diameter steam pipe placed

horizontally in ambient air at 30°C. Ifthe Nusselt number is

25 and thermal conductivity of air is 0.03 W/mK then heat

transfer coefficient will be

(@ 7.5W/m2K (b) 16.2 W/m%k

() 252Wm?K (b) 30 W/m2k

The heat transfer Q, the work done W and the change in

internal energy AU are all zero in the case of

(@) A rigid vessel containing steam at 150°C left in the
atmosphere which is at 25°C

(b) 1kgofgascontained in a insulated cylinder expanding
as the piston move slowly outwards



A-104

Heat Transfer

29.

30.

31.

32.

33.

34.

3s.

(¢) A rigid vesel containing ammonia gas connected
through a value to a evacuated rigid vessel, the vessel,
the value and the connecting pipes being well insulated
and the valve being opened and after a time, conditions
though the two vessel becoming uniform

1 kg of air flowing adiabatically from the atmosphere
into a previously evacuated bottle.

For a thin steel sheet, total emissive power is given as 33 W/
m? and irradiation as 93 W/m?. Ifthin sheet has reflectivity
0.6, absorbity 0.1 and transmitivity 0.3 then radiosity in W/
m2will

(a) 878 (b) 413

(¢ 1122 (d) 109

An outer wall of a furnace is at T, kelvins, and it faces an
environment at T, The wall’s average convective connective
heat transfer coefﬁc1ent h is 4 W/m2K. For radiative heat
transfer the walls’s emissivity ¢ equals its absorptivity o
and equals 0.8. Theratio of net heat loss by radiation to heat
loss by convection from the wall is closest to

d

4 4

4 4
Ty — T, Ty — T,
@@ S0 —= (b) 2.56"—=
Tw_Te Tw_ €
4 4 4 4
Ty 2T, Tw — T,
T T, Ty —Te

What is the next radiant interchange per square metcesfor
two very large plates at temperatures 800 K and 500
respectively? (The emissivity of the hot-andcold

0.8 and 0.6 respectively. Stefan Boltzmann con*

10 W/m? K% i
@ 1.026kW/m?2 by 100k W/in?

(¢) 102.6kW/m?2 (d) 1026 kW/m?

A thermo couple junction is in the form of 8:mm diameter
sphere, this junction is initially at 40°C and inserted inva
stream of hot air of 300°C. Find the time constant of thermo
couple. [C =420 J/kg°C, p =8000kg/m>, k=40 W/m°C, h=40

W/m?). A~ \
e

(a) 76 second (b) 89 seconds
(¢) 112sec OK‘ (b) 128 seconds

It'is desired to'increa the heat dissipation rate over the
surface of an electronic device of spherical shape of 5 mm
radius exposed to convection with-h = 10°'w/m?K by encasing
it in a spherical sheath/of cond‘tlct‘wlty 0.04-W/mk: For
maximum heat flow, the diametér-ofthe sheath should-be
(a) 18mm (b) 16mm

() 12mm (d) 8mm

The burnout heat‘flux in the nucleate boiling regime is a
function of

(a) Heat of evaporation

(b) Density of vapour and density of liquid

(¢) Vapour-liquid surface tension

(d) All of the above

If p is density of substance, S is specific heat and k is thermal
conductivity, then thermal diffusivity (h) is equal to

S Pk
@ O
k
© o @ £

36.

37.

38.

39.

O

_

40.

41.

42.

43.

A source of radiation has an intensity of 840 watts/m?. Find
the number of photons per second per square meter
represented by this intensity, if the wavelength is 500 nm.
(use speed of light = 3 x 108 m/s, and plank’s constant
h=7x107341.8.)

(@ 10.4x10%! (b) 6.8x102!

() 4.4x10 (d) 2.2x102!

A flat plate 1.5 m wide and 2 m long is to be maintained at
100°C in air with free stream temperatures of 15°C. Determine
the velocity of air with which it must flow over plate along
2 m side so that rate of energy dissipation from the plate is
4kw. [Given §=1.09 kg/m3, u=2.03 x 10~ kg/m-s, P.=0.7]
(a) 44.93m/s (b) 63.28m/s

() 7475m/s (d) None of these

Total loss of heat by a plate having surface resistance4/m?
is 20 kW. If black body emissive power of plate.is 107 kW/
m?, the radiosity will be equal to

(@) 20kW/m?2 (b) 80kW/m?
(© " 25kWim2,_ (@), 27kW/m?
Given the following data:

Inside heattransfer coefficient=25 W/m?2°C
Outside heat transfer coefficient = 25-W/m?2°C,
Thermal conductivi oéks (15 cm thick)

- =0.15W/mK

¢ overall h sfer goefficient (in W/m?2K) willbe closer
to the -
(@) inye@OFfheat transfer coefficient
(b)" heat transfer coefficient
(c) _«thermal conductivity of bricks
(d) “heat transfer coefficient based on the thermal

conductivity of the bricks alone

Addition of fin to the surface increase the heat transfer if

JNA/KP is

(a) equal to one
(b) greater than one
(¢c) less than one

(d) greater than one but less than two
On heat transfer surface, fins are provided.

(a) To increase temperature gradient so as to enhance
heat transfer.

(b) To increase turbulence in flow for enhancing heat
transfer

(c)' ' To increase surface area to promote the rate of heat
transfer

(d) To decrease the pressure drop of the fluid

A fluid flowing over a flat plate has the following properties.
Dynamic viscosity: 25 x 1070 kg/ms

Specific heat: 2.0 kJ/kg K

Thermal conductivity: 0.05 W/mk

The hydrodynamic boundary layer thickness is measured
to be 0.5 mm. The thickness of thermal boundary layer would
be

(a 0.1mm (b) 0.5mm

(¢) 1.0mm (d) None of these

In a counterflow heat exchanger, cold fluid enters at 30°C
and leaves at 50°C, whereas the hold fluid enters at 150°C
and leaves at 130°C. The mean temperature difference for
this case is
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44.

45.

46.

47.

(@) indeterminate (b) 20°C

() 80°C (d) 100°C

The shape factor of cylinder cavity with respect to itself is
4L 4L

@ 3D ® L
2L d 2L

© 3o @ oL

A plate fin of length L = 1.5 cm and thickness 2 mm has

efficiency

(ifk =210 W/m-k, h =285 W/mZk)

(@) 84.1% (b) 87.2%

() 89.9% (d) 924%

Inspite of large heat transfer coefficients in boiling liquids,
fins are used advantageously when the entire surface is

exposed to
(a) nucleate boiling (b) film boiling
(c) transition boiling (d) all modes of boiling

For a current carrying wire of 20 mm diameter exposed to air
(h =25 W/m?K), maximum heatdistribution occurs when the
thickness of insulation (k= 0.5 W/m K), is

48.

49.

50.

A large concrete slab 1 m thick has one dimensional
temperature distribution:

T=4-10x+20x>+10x>

where T is temperature and x is distance from one face
towards other face of wall. If the slab material has thermal
diffusivity of 2 x 103 m2/hr, what is the rate of change of
temperature at the other face of the wall?

(@) 0.1°Chr (b) 0.2°C/hr

(¢) 0.3°C/r (d) 0.4°C/hr

The radiative heat transfer rate per unit area (W/m?) between
two plane parallel grey surfaces (emissivity = 0.9) maintained
at400 K and 300 K is

(@) 992 (b) 812

(c) 404 (d) 567

The spectral emissive power E,; for a diffusely emitting
surface is

E,=0for A<3um

E, =150 W/m? um for 3 <A< 12 um

B =300 W/mZjm for 12 <A <25um

E, =0for A*25um

The total emissive power offthe surface over the entire
spectrumiis

(a) 20mm (b) 10mm (@) 1250 W2 (b) 2500W/m?

(¢©) L5mm (d) Omm () 4000 W/ N = (@) 5250 W/m?
1 (d) 11 (d) 21 c) ‘3'1‘ (b) 41 (d)
5 (d) 0 (@) 2 P 2 (c) 42 (d)
3 (d) 13 (a) . (c) 83 (b) 43 (d)
2 (a) ) 24 (d) 34 (c) 44 (a)
5 B 15 (b) 25 (d) 35 (c) 45 )
6 (a) 16 (d) 26 (a) 36 (d) 46 (b)
7 () 17 (a) 27 (a) 37 (a) 47 (b)
3 (b) 18 (b) 28 (c) 38 (d) 48 (b)
9 (@) 419 (d) 29 (a) 39 (d) 49 (b)
10 (b) [ 20 (] a0 (d) 40 (b) =" @)

mammb.’ HINTS & EXPLANATIONS ===y

1.

AT,

80°C¥
AT, |: 50°C

(d) Temperature distribution o)

80°C
\>— 50°C
/,»— 30°
40°C

Parallel flow

40°C :| AT,
\7 30°C

Counter flow

Given,IMTD AT, =26°C
Now, for parallel flow

_ AT -AT, (80-30)—(50-40)

AT,

m AT, a 80-30
/n — /n
AT, 50-40
=24.85°C
24.85°C<26°C

for counter flow,

_ AT, -AT,  (80-40)—(50-30)

AT, AT S0_a0) " 2885°C
fn— n———
AT, (50— 30)
28.85°C>26°C

Thus, cross flow is better.
Hence, cross flow is used for this problem.
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2. (@ According to Wien’s displacement law For maximum temp:
— \\ d_T_O:_qXLx.F@%:O
i \ dx 2X L 2x
L5 T, r \ 11. d) The distribution curves show that for higher
§ % temperatures, the distribution is broader, the number
< T, N\ of molecules at the average speed is lower (the curve’s
o \ peak is lower), and the average speed is greater (the
> peak appears further to the right). So (a), (b), (c) are
' A(pm) correct. Though each curve is a step of 1000°K, the
= Lower xmax for hlghe'r temperature change in the number of molecules is not constant.
3. () Heatconductionin amedium in Cartesian The curves couldn’t be drawn if the number of
’T 0°T o°T B Cp, or molecules were changed and the curves show a very
ox2 + o2 o =P K ot small number of molecules at rest (r = 0)
as one-dimensional heat transfer. 13. 4 A
R @ 7001k
T Gy or . oT
= SS=pExS=cS
ox2 K ot ot
[where C = constant] 600 k 400 k
oT o o°T \\\
- —
ot a?;z ; F 300 k
4. (@ By convection, h increase because surface area
increases and by heat loss to surrounding conduction
it decreases.
Q.
6. (a) Fin effectiveness = it fin i 00 k
Quithout fin ccording™to Planck’s law the wavelength of
N m 0, ) oK constaﬁﬁs multiplied by the absolute temperature is
h A 6, hA 2 15. (b)( Given here, emissivity ¢, =¢,=0.9
P Temperature, T, = 400K, T,= 300 K
SIS As we know that,
Cs
For higher value of ¢, perimeter of fin'should be high Q (Radiative heat transfer) = fc;(T14 - T?)
and cross-sectional area should be low. Hence, for 1 1
higher value of perimeter fins should be spaced closely where, f= 1 = I
and for lower value of cross-sectional area, it should =1 —4+——1
be thin. ~ a , €1 €y 0.9 0.9
7. () Weknow that a+ﬁ= 1 1 1
, = = =0.8197
Foropaq;xﬁrfz‘,r—O | Ll 1] 122
soatp=l - then, Q= 0.8197 x 5.67 x 107 {(400)*—(300)*}
2 =4.65 x 10" {256 x 10° — 81 x 10*
d’t q 8 8
8. —2+;=0 =4.65x10°x 10° {175}
dx ! r 77 <R3 5 W/ (near to 812 w/m® in the given
aTr_—q., T . options)
dx k 16. (d The rate of convective heat loss is constant, and is
—q x? ) given by
1 = gy OIX+C2 (parabolic) Q=hA (T, ~T,)=25xmx0.2x1.2x(100-20)
at  x=0,T,=0 =480 TW =1507.9 W
K=, T,=100 18. () (r,<r): Theaddition ofinsulation to a bare pipe leads
B — to increasing heat transfer until the outer radius of
0=0+c, = insulation becomes equal to the critical radius. This
—qtz may be attributed to the fact that in the range r; <r,
100= ok +el the progressive decrease in the convection resistance
100 oL with addition of insulation predominates over the
. LA ) correspondence increase in conduction resistance.
L 2K The net result is drop in total resistance and
— ﬁ 100 q_l . consequently the heat loss increases.
k 2 1 2k
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27. @ Nu= hD
o . k
L /"\ =k 25%0.03 5
! | | h=N D~ o1 =7.5W/m°k
| | I 29. (@) J=E+pG =32+0.6(93)=87.8 W/m?
: : : r=t, 30. (d Netradiative heat loss from the wall,
1 | I
o Q; =ecA(Ty, - T¢)
| I
! : ! g Convective heat loss from the wall,
I T, I,
=hA(Ty, — T,
Any further increase in insulation thickness causes R ( W e)
the heat loss to decrease from this peak value. Q 0.80'(’]"5{1 - Te4) T4 gl
However, until a certain amount of insulation is added, Ratio L =— 7 =023 &
the heat loss is still greater than that for the bare pipe. Qc 4(Ty - Te) w e
Evidently an insulation thickness greater than (r* —r,) AG (T4 _T )
must be added to reduce the heat loss below the 39 ® Q= b2
insulated rate. 1 - 1 I
The phenomenon of increase in heat transmission with g‘—m y " g B
addition of insulation is'most likely to occur when . y
insulation materials of poor quality are applied to pipes 5.67x10™ (800 _ 500t }
and wires of small radius. Such a situation is added to = =10.313 kW/m?,
advantage in the insulation of electrical wires and
cables. The electrical wires are given a coating of
insulation with the prime objective to provide
protection from electrical hazards. However, an ine; _PRC
3h

19. @
20. (c)
22. - (b)
26. (a)

in the rate of heat dissipation can be made
the conductors maintained withwi .
limits by a proper choice 0
That permits some ing
capacity of the cable.
A thermal boundary layer is a region where dissipation
of heat is negligible.

carrying
33..()

34. (0

J=¢Ey +pG (1=0, a=¢,p=0.5)
=600 +(0.5) (1200) = 1200 W/m?
Fourier’s relation for heat conductionis,
KA At o x
Q= ‘ / ¢
X
-
where, k = coefficient of thermal conductivity,
A = cross-sectional area
At=Temperature difference
x = Thickness e A n H=HO
For same Q and AT (A'remaining unchanged)
ki _kp
X X2
0.7..0.14

_0.14x0.5 _

0.7
As we know that,

0.lm

37. (@
m,°P,
capacity ratio of heat exchanges = | ~ .
p

Ty 180-160 20 o5
Cley =l 110-30 80

(o}

T*_8000><0.004><420 112 d
340 = seconds
2k 2x0.04
Critical rodii, R¢ = n =0.008m
R,=8mm
dia=16mm

According to Zuber relation, burn out heat flux

P 0.5
(9) _ G | ol < it
A max i pé Pg + Pt

where, p,, = density of saturated vapour,
p, = density of saturated fluid

o = surface tension,

hfg = enthalpy of vaporisation

Velocity of light, ¢ =3 x 108 m/s
Plank®s constant= 7 x 1034 Joule-sec.

velocity = A
i.e., (frequency) x (wavelength)
he
Energy per photon, E =hf= N Joule/photon
840W /m?
Photons/s.m? = 34 2 9
7x1077 x0.3x107/560x10
=2.2x10%0.
L=2m
B=1.5m
t,=100°C
teo =15°C
Q=4kW
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Q=hA;(ts—ts) lez%
1

K
h=—x 0.664(Re)1/2 (Pr)l/3 Tp2

L R 14

12 T 2 2 4L D+4L
—D*" +=nD —
_ 0’028><0.664 1.09x2x4 ><(0,7)1/3 _ J— 4 T 1 D
2.03%10- 2.34JU
HIx tanh(mL)
4x1000= 2.34y/U x (2% 1.5)[100—15] 45. (© m=—_~
u=44.93 m/s
0.2
Ep-J L. =1.5+—=1.6cm
38. @ Q= 1—c 2
A o [P
_ Kt KA
20 = 107-7J ¢
J=27 kW/m2 mL, =1.6 /—MSS %10 _fsg0
39. (d) Overall heat transfer coefficient U is given by the 210x2x1073

1 1 v 1 tanh (0589
relation u g + X + E n= %89’—) =0.899=289.9%
where h, and hb = inside andloutside heat 46. () Here, ¢, = 1030 % 5.25%5405.7,
transfer coefficients (convective)
t=thicknessof bricks and k is the coefficient of thermal
conductivity of the bricks alone.

42. (d) Thermal boundary layer is a flow region where the 00x32.5 = 2
temperature of fluid changes from the free steam v; 5405.7 %’%
to the value at the surface. ess of insulation " gﬁ

1/3 _--EM—Lm—ZOmm
5=8t(Pr)"> = (0:5) h 725 wim2k 50
e .. Thickness ofinsulation =20 — 10 =10 mm
43. Mean temperature of cold fluid = =40°C
@ P 48. () a—T:—10+40x+30x2
. 130+150 ox
Mean temperature of hold fluids —————=140%¢€ 221
Mean temperature difference =140—40=100°C ox2 =40+ 60x
4, f
4. @ \ o et
% ox 2 o &
40+60(1) = ( ! jta—Tj
2x1073 )\
L e
f ENID c DI
1 1 B
49. b f),= = =0.818
11 ( 11 ]
e e
g € 0.9 09
Q=c G(T14 —TQ‘) —0.818 % 5.67 x 1075 (400% —300%)
=812W
50. d) Total emissive power of the surface over the entire
spectrum
7\,2 7»4
— [ (BA)bdr+ [ (EX)bdA
A A3
12 25

= J150dh+ [ 300 dA =50 x9+300 x 13=5250 W/m?.
3 12



CHAPTER

THERMODYNAMICAL TERMS

(i) Thermodynamic system: A thermodynamical system is an
assembly of large number of particles which can be described
by thermodynamic variables like pressure (P), volume (V),
temperature (7).

THERMODYNAMICS

FIRST LAW OF THERMODYNAMICS

The first law of thermodynamics is based on conservation of
energy. According to this law heat Q supplied to a‘system is
equal to the sum of the change in internal energy (AU) and work
done by the system (W). Thus we can write

(i) Surroundings: Everything outside the system which can 0 = AU+W
have a direct effect on the system is called surroundings. . .
The gas cylinder in the kitchen is the thermodynamic system More b0 Rt Wpof ThermOggnagucs
and the relevant part of the kitchen is the surroundings. 1. Heat supplied to the system taken as positive and heat
(i) An adiabatic wall: The wall which prevent the passage of given by the system taken as negative.
matter and energy. 2. ¥t makes no diffezentsbetveen heat and work. It does not
(iv) Diathermic wall: It prevent the passage of matter but allow 1r(1;1110g (;l,la: W the@)le of heat energy cannot be
thep assage gy crey: An algminiurp can is an example ofa 3 %ea‘; anfi “1/1(1) end onthe initial and final states but on
container vggse walls are diathermic. e path also. T%rc)fénge in internal energy depends only
(v) Closed and open system: In a closed system, energyimay on initial an@InAT states of the system.
transfer the boundaries of system but mass deeS not et SThe W one by the system against constant pressure P
the boundary, while in open systemyboth massarn A is W= PAV. So the first law of thermodynamics can be
transfer across the boundary ofithesystem. written,as Q= AU + PAV .
(vi) Anisolated system: In thi EE systemineither themass 5. ) Differéntial form of the first law;
nor the energy can be exchanged with the surroundings. dQ = dU~+dw
(vii) Equation of state: The relationshipbetween the pressure, or dQ = dU+PdV.

volume and temperature of the thermodynamical system is

called equation of state.
(viii) Properties : A property of a‘system is any abusable
characteristic of the given system various properties of the
system depend on the state of the system not on how that
state have been reached:
Intensive property of a system or those properties whose values
does not depend upon the mass of the System. Eg: Pressure,
temperature, viscosity etc., while extensive properties depend
upon the mass of the system. Eg: Length, volume etc.
Equilibrium: A system is, saidrto’be in thermodynamic
equilibrium when it does’hot Tead to change its properties
(macroscopic) and make balance with its surroundings. There,
a system in mechanical, thermal and chemical equilibrium is
said to be in thermodynamic equilibrium.

ZEROTH LAW OF THERMODYNAMICS

If objects A and B are separately in thermal equilibrium with a
third object C then objects A and B are in thermal equilibrium
with each other.

Zeroth law of thermodynamics introduces thermodynamic
quantity called temperature. Two objects (or systems) are said to
be in thermal equilibrium if their temperatures are the same. In
measuring the temperature of a body, it is important that the
thermometer be in the thermal equilibrium with the body whose
temperature is to be measured.

(x1)

)

SECOND LAW OF THERMODYNAMICS
(i) Kelvin - Plank Statement : It is impossible to construct an
engine that can convert heat completely into work without
producing any other effect. According to the statement the
efficiency of any heat engine always be less than 100%.
Clausius Statement : For a self acting machine, it is
impossible to transfer heat from a colder body to a hotter
body without the aid of external agency.

ENTROPY

Entropy is the/another thermodynamical variable which many
times very usefultounderstand the system. Entropy is related to
the disorder or randomness in the system. To understand this, let
us consider two systems as shown in Fig.

(ii)

con| [
—

System 2

o—b» o> e

*—> o> o>

System 1

If S| and S, are the entropies of the system 1 and 2 respectively at
any temperature, then S; <.S,.

(1) Entropy is not a conserved quantity.

(i) Entropy can be created but cannot be destroyed.

(i) Entropy of the universe always increases.
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If a system at temperature 7 is supplied a small amount of heat
AQ, then change in entropy of the system can be defined as

AQ
AS = T for constant T

For a system with variable 7, we have

Sy
f LY
AS=S8p=5; = T
Sl
The second law of thermodynamics may be stated in terms of
entropy as:
1t is impossible to have a process in which the entropy of an
isolated system is decreased.

THERMODYNAMICAL PROCESSES
Any process may have own equation of state, but each
thermodynamical process must obey PV'=nRT.
1.  Isobaric Process :
If a thermodynamic system undergoes physical change at
constant pressure, then theprocess is called isobaric.

A P 4P

W=+ PAV

«—— AV —»
Expansion - : pression)

(1)  Isobaric process obeys Charle’s law, Joc T

ii) Sl f P 0
(i) opeof P~ curve, a0
(ii)) - Specific heat at constant pressure x

5R TR . O’
Cp= 54 for monoatomicand Cp = zfordlatomﬂ:

(iv) Bulk modulus of elasticity: As P isconstant, AP =0

and B = ' =0

<z

(v) Work done: W4.=. PAV =nRAT
(vi) First law of thermodynamics in isobaric process

0= AU+®W = AU +PAV = AU +nRAT
= nCyAT +nRAT = n(Cy + R)AT
= nCPAT

(vii) Examples: Boiling of water and freezing of water at constant
pressure etc.

2.  Isochoric or Isometric Process :
A thermodynamical process in which volume of the system
remain constant, is called isochoric process.

@)

(1) Anisochoric process obeys Gay - Lussac’s Law, Poc T

dP
Cdv
(iii) Specific heat at constant volume

(i) Slope of P— Vcurve, ——

0

3R . SR . .
Cy = By for monoatomic and Cy~= > for diatomic
(iv) Bulk mg@ilus of elasticity 2 As Vis constant, AV =0
AP

'(M—Vj -

V

PAV=0

amics in ischoric process
= AU+W=AU+0

= AU
- nCVAT

B =‘

Isothermal Process :
A thermodynamical process in which pressure and volume
of the system change at constant temperature, is called
1sothermal process.

(@)~ _An.isothermal process obeys Boyle’s law PV =

Constant.

(i) Thewall of the container must be perfectly conducting
so that free exchange of heat between the system and
surroundings can take place.

(i) The process must be very slow, so as to provide
sufficient time for the exchange of heat.

(iv) Slope of P— V curve:

For isothermal process
PV = Constant
After differentiating w.r.t. volume, we get

P+Vd—P =0
dv

P -P P
or v T Ty ortand=
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W)

(vi)

Adiabatic Process :

An adiabatic process is one in which pressure, volume and
temperature of the system change but heat willnot exchange 1.
between system and surroundings. 3.

Specific heat at constant temperature: P-V Diagram Representing Four Different Processes
As AT=0,
AQ

€= Sar=®
First law of thermodynamics in isothermal process.
As AT = 0, .. AU=0

QO = AU+W=0+W
or o =w

Isothermal Process
Isochoric Process

Isobaric Process 2.
Adiabatic Process 4.

CARNOT CYCLE

Carnot cycle has four operations. Thermodynamic coordinates
after each operation are shown in Fig. Initially at4 coordinates
are P],V],T].

AP

(i) Adiabatic process must be sudden, so that heat does
not get time to exchange between system and L
surroundings.
(i) Thewalls of the container must be perfectl »Y
(iii) Adiabatic relation between P \
B Isothermal expansion: If O, is the heat absorbed from the
PVY = source and W, is the work done, then,
(iv) Adiabatic relation b %
For one mole of gas 0, = W,=nRTj(n {%J (As AU =0)
RT ’
PV=RT, or P=——
/ nRT(n n
Substituting in PV = k, we'get B ! "
RT Wl —~ 2. Adiabatic expansion: If //; is the work done during the
= v z"b’ \ adiabatic expansion, then
. " e
“a_A P B TN
or ViR )= &~ ey.constant Z y-1 y—1
3 Isothermal compression: If O, is the heat reject to the sink
Also v 4 RI Sl and.Js.is the. work done during the process, then
Pl 14
T ! Va
= W,=nRDI)In| —|= nRTzfn(—j
P(EJY — & . s (sz 3
Ca (As AU =0)
or plYrY = R_Y = another constant — —nRT, Zn[;ji]
4
. (0] 0 4. Adiabatic compression: If 7, is the work done during the
(v) Specificheat:C = —“7 =" =0 adiabatic compression, then
(vi) First law of thermodynamics in adiabatic process —_— nR(T;=Tr) nR(L-T) R (I -1»)
Q = AU+W 4 - y-1 N 'y—l - y—1
As 0 =0, AU=-W Net work done in the whole cycle
or U-U = -Ww W =W +W,+ W+ W,
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= nRTyln 43 M—nﬁzen LR Il
" y-1 V4

y-1

7 Vi
- an:Tlfn(VlJ Trln (Vz]:| ()

In the adiabatic expansion B - C

it = !
V2 o T ;
or (%j = 71 .(11)
Similarly in the adiabatic compression D — A4
ny" = oy
AN Y
or [V4j = ?1 ...(iii)
From equations (ii) and (iii) , we have
o _
V3 Vy

or vy = T, ...(Iv)
4) £

Also 71 = 174

Efficiency of carnot engine

Work dore by engine

" Heat absorw @nglgeﬁom source (Ql)
£
nR| Tiln 145 —T(n v’
4 Vy
nRT (n [VzJ
"
ﬂ'-g_ )

e} A

REVERSIBLE AND IRREV ER§IBLE PROCESSES

Reversible Process

Any process which canibe made to proceed in the reverse direction

by variation in its conditions such that any change occurring in

any part of theé.direct process is exactly reversed in the

corresponding part of reverse process is called a reversible

process.

Examples:

(1) An infinitesimally slow compression and expansion of an
ideal gas at constant temperature.

(i) The process of gradual compression and extension of an
elastic spring is approximately reversible.

@iii)) A working substance taken along the complete Carnot’s
cycle.

H@h Grade E neﬁ
Mechanica
ﬂ Electrical energy

(iv) The process of electrolysis is reversible if the resistance
offered by the electrolyte is negligibly small.
A complete reversible process is an idealised concept as it
can never be realised because dissipative forces cannot be
completely eliminated.

Irreversible Process

Any process which cannot be retraced in the reverse direction
exactly is called an irreversible process. Most of the processes
occurring in the nature are irreversible processes.

Examples:

(1) Diffusion of gases.

(i) Dissolution of'salt in water.

(iii) Rusting of iron.

(iv) Sudden expansion or contraction of a gas.

AVAILABILITY AND REVERSIBILITY

Available Energy

The sources.of energy can be divided into two groups

(1) High grade encrgy*

(2) Low gradeenergy 6

The conversion of high grade energy'to shaft work is exempt
from‘thelimitationsiof'the s@d law, while conversion of low
grade energy is subje

Low Grade Energy

(1) Heat or thermal energy

(2) Heat derived from nuclear
fission or fusion

(3) Heat derived from combustion
of fossil fuels

(3)/Water power

(4) Wind power
(5) Kinetic energy of a jet
(6) Tidal power

Available Energy Referred to a Cycle.

The maximum work output obtainable from a certain heatinput in
acyclic heat engine is called the Available Energy (A.E.), or the
available part of the energy supplied. The minimum energy that
has to be rejected to the sink by the second law is called the
Unavailable Energy (U.E.), or the unavailable part of the energy
supplied!

: Qi ="AE.+UE.

or Wi = AE.=Q;—
. T
For the given Ty and Ty, My = 1-— T
1
yQ
1
Wmax - AE

Available and unavailable
energy in a cycle.
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For a given Ty, N, will increase with the decrease of T,. The
lowest practicable temperature of heat rejection is the temperature
of the surroundings, T.

UE. = Q;—Wu
- Jo d
= 1-—= an
M T,
To
Winae = [‘TJQI
Woax = AE.
= Qxy TO (S Sx)
or UE = Qx 7Wmax
or UE. = T, (S S

The unavailable energy is thus the product of the lowest
temperature of heat rejection, and the change of entropy of the
system during the process of supplying heat.

Availability of a Given System

1t is the maximum useful work (total work minus pdV work) that
is obtainable in a process in which the system comes to
equilibrium with its surroundings. Tt depends on the state of
both the system and surroundings.
Let U, S, and V be the initial values of the internal energy, entropy,
and volume of a system and Uy, Sy, and V, their final values when
the system has come to equilibrium with its environment. The
system exchanges, heat only with the environment, and the
process may be either reversible or irreversible, the useful wotk
obtained in the process

W <(U—-ToS+poV)—(Up—ToSo + pe¥e)
Let d=U- TOS +poV
where ¢ is the availability function a com os'a erty of
both the system and its environirﬂlwlt , S, and'V being
properties of the system at some equilibrium state andT,and P,
the temperature and pressure of the environment. (In the Gibbs
function, G=U-TS +pV, T, and p refer to the system).
The decrease in the availability functioniin a process in which the
system comes to equilibrium with its environment is

¢ — ¢ =(U—ToS + POV) (Uo ~ TSy + Vo)

i = 0o

T huv the useful work is equa‘o or less than the decrea?\n the
availability functz?{ bc |
Irreversibility of the Process =
The actual work done by asystem is always less than the idealized
reversible work, and the'difference between the two is called the
irreversibility of the process. =T

I= Wmax — W
This is also sometimes referred to as:‘degradation’ or ‘dissipation’.
For a non-flow process between the equilibrium states, when the
system exchangs heat onlywith the environment

>0
1= T0 [(As)system i+ (As)surr.]
Similarly, for steady. flow process, I = Ty (ASygiem + ASgur)
The same expression for irreversibility applies to both flow and
non-flow processes. The quantity To (ASgysiem + ASgyr ) represents
an increase in unavailable energy (or energy).
BEHAVIOUR OF IDEAL AND REAL GASES
Behaviour of Ideal Gases
The behaviour of ideal gases is based on the following
assumptions of kinetic theory of gases :
(1)  All the molecules of a gas are identical. The molecules of
different gases are different.

v

O

S an

(2) Themolecules are rigid and perfectly elastic spheres of very
small diameter.

(3) Gasmolecules occupy very small space. The actual volume
occupied by the molecule is very small compared to the
total volume of the gas. Therefore volume of the gas is
equal to volume of the vessel.

(4) Themolecules of gases are in a state of random motion, i.e.,
they are constantly moving with all possible velocities lying
between zero and infinity in all possible directions.

(5) Normally no force acts between the molecules. Hence they
move in straight line with constant speeds.

(6) The molecules collide with one another and also with the
walls of the container and change there direction and speed
due to collision. These collisions are perfectly elastic i.e.,
there is no loss of kinetic energy in these collisions.

(7) The molecules do not exert any force of attraction or
repulsion on each other except during collision. So, the
molecules do not posses any potential energy-Their energy
is wholly kinetie:

(8) The collisions*are,instantaneous i.c., ¢the time spent by a
molecule in acollision is very s small as‘compared to the time
elapsed between two coftsecultive Collisions.

(9) _Though the molecules onstantly moving from one place
to anoﬁaer the av mer of molecules per unit volume

of the gas re stant
(10) Ehe molec ide the vessel keep on imoving
glsmble directions, the distribution of

continuous|
molecule *e whole vessel remains uniform.
The mass ofa molecule is negligibly small and the speed is
verylarge; there is no effect of gravity on the motion of the
molecules. If this effect were there, the density of the gas
would have been greater at the bottom of the vessel.
Equation of State or Ideal Gas Equation
The-equation which relates the pressure (P), volume (V) and
temperature (T) of the given state of an ideal gas is known as
ideal gas equation or equation of state.
ie., PV=nRT
where R = universal gas constant
Numerical value of R=18.31 joule mol~" kelvin!
n =no. of moles of gas
Behaviour of Real Gases
The gases actually found in nature are called real gases.
1. Real gases do not obey gas laws
2. These gases do not obey the ideal gas equation
PV=nRT

3=="Acreal gas behaves-asideal gas most closely at low pressure

and high temperature.
4. Equation of state for real gases is given by Vander waal’s
equation

[P+Vz] (V —nb) =nRT
Here a and b are Constant called Vander waal’s constant.

ANALYSIS OF THERMODYNAMIC CYCLES

RELATED TO ENERGY CONVERSION

According to first law of thermodynamics, heat given to a system

(AQ) is equal to the sum of increase in its internal energy (AU)

and the work done (AW) by the system against the surroundings.

ie., AQ =AU+ AW

Heat (AQ) and work done (AW) are the path functions but internal

energy (AU) is the point function.
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Work

Let us consider a gas or liquid contained in a cylinder equipped
with a movable piston, as shown in Fig. Suppose that the cylinder
has a cross-sectional area 4 and the pressure exerted by the gas
at the piston is P.

dx

F=PA

The force exerted by gas on the piston
F = M
If the piston moves out a small distance dx, the work done
dW = Fdx= PAdx
= PdV
where dV'= Adx, is the change in volume of the gas.
The total work done by the gas when its volume changes from V;
to Vf
Vy
PdV
V.

1

W o=

If the pressure remain constant while volume changes, then the
work done

wi= P(V,-V;)=PAV

Cyclic Process and Non-cyclic Process

If a system having gone through a change, returns to its initial®

state then process is called a cyclic process. If systemydoes not
return to its initial state, the process is called non-g¥yeliCProcess:

AP 4

>V »V

{a) cyelic process (b)) Non-cyclic process

Work done in Cyclic Proc s ‘
Suppose gas expands from i[é[isasbstate A to final(state ,B‘ a the
path AXB.

o

Ofn c

The work done in this expansion
Wy = +aread XBCDA
Now gas returns to its initial state B via path BYA.
Work done during this compression
Y —area BYADCB
The net work done W o= Wyt+Wy
= area AXBCDA—area BYADCB
= +areaAXBYA

Thus for a cyclic process
(1)  Work done in complete cycle is equal to the area of the loop
representing the cycle.

(i) Ifthe closed loop is traced in the clockwise direction, the
expansion curve lies above the compression curve. (W,
>Wy), the area of loop is positive.

(@ii) If'the closed loop is traced in the anticlockwise direction,
the expansion curve lies below the compression curve (W,
<Wy), the area of the loop is negative.

............ B
; /’\ .
E o el
W = area ABCDFEA W= area ABCA W =—area ABCDEFA
Fig. (i) Fig. (ii) Fig. (iii)

PROPERTIES OF PURE SUBSTANCES

1. It is a single substance and has a uniform' composition. It
has constant chemical composition through its mass.

2. Ithasasame colour, taste and téxture.

3. Ithasa ﬁxed‘r?ﬁlting point and boiling point.

Types of Pure Substances 84
Two differént types of puse

(i)~ Ele t:2An element is a substance which cannot be split
up into two o 'sSimpler substances by usual chemical
. methods of g heat, lighting or electric energy, e.g.,

hydrogen, oxy: 86dium, chlorine etc.

Compound : g%qpound is a substance made up of two or
- moreelements chemically combined in a fixed ratio by weight
eg. H,0 (water), NaCl (sodium chloride) etc.

P-T'DIAGRAM OF A PURE SUBSTANCE

Ifthe heating of ice at — 10°C to stream at 250°C at the constant
pressure of 1 atmis considered 1-2 is solid (ice) heating, 2-3 is melting
ofice at0°C, 3-4 is the liquid heating, 4-5 is the vaporization of water
at 100°C, and 5-6is the heating in the vapour state. The process may
be reversed from state 6 to state 1 upon cooling. The curve passing
through the 2, 3 points is called the fusion curve and the curve
passing through the 4, 5 points (which indicated the vaporization or
condensation at different temperature and pressure) is called the
vaporization curve. The vapour pressure of a solid is measured at
different temperatures, and these are plotted as a sublimation curve.
These three curves meet as the tripple point as shown in the figure.
The slopes of sublimation curve and vaporization curves for all
substance are positive and slope of the fusion curve for more
substance is positive but forwater, it is negative. The triple point of
water is at4.58 mm of Hgand 273.16 K whereas that of CO, is at 3885
mm of Hg and 216.55 K. Sowhen solid CO, (dryice) is exposed to 1
atm pressure, it gets transformed into vapour, absorbing the latent
heat of sublimation from surroundings.

Phase equilibrium diagram on P-T coordinates.

i Fusazn — Waporzstion cunse
L e P
1 2.3 Wy e o
Py |
o |1am 1 2.3 4.5 Ll
Region |
T 1 &3 E
|
Sk |
Sutsimation el __Tripie MF
Curee S pon
\ / i
=10 oc 10955 280°C
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T-s diagram for a pure substance

Consider heating of the system of 1 kg of ice at —5°C to steam at
250°C. The pressure being maintained constant at 1 atm.
Entropy increases of the system in different regimes of heating.

T o e i G
4 2atm 5§
Tana o b oo alm 5
r‘IOO C n
0°Cf-----= re
-5°C AS, | AS; AS, AS;g
A e Y Nl
Sy S, S3 S S5 s

(i) Entropyincrease of ice as it is heated from —5°C to 0°C at 1
atm. (Cpie =2.093 kJ/kg-K)
AS|=S,-5S;

) Id_Q:TFmM

T;-268
¢ 42,093 tn 22
MG T 1268
= 010398 kI/-K

(i) Entropy inerease of ice as it melts into water at 0°C (1.
heat of fusion of'ice =334.96 kJ kg)

ASz=S3*SZ
_m_L_334.96 B
T 073

...(wherem = 1kg)
(iii) Entropy increase of water as it‘is heated from 0°C to

100°C (cpwmr 24.187 kJ/kg-K)

—1@7‘1 S5y - 1305 kIeK

(iv) Entropy increase of water as it is’ vaporized at 100°C,
absorbing the latent heat of vaporization (2257 kJ/kg)

AS4 = S5 - S4 =T A
AN : 1k~ v 1k
T 273 g-K ...(wherem=1kg)
(v) Entropy increase of vapour as it is heated from 100°C to
250°Cat 1 atm.
AS5 =S¢~ S5 = 5.|%3mc ar
55965 P
373

523
=1x2.093 /n 73 =0.706kJ/-K

p-v-T surface for the pure substance.

The relation between pressure, specific volume and temperature
can be understood with the help of P-v-T diagram.

Fig. (a) shows a substance like water that expand up freezing.

Fig. (b) shows substances other than water which contract upon
freezing.

Any point on the p-v-T surface represents an equilibrium state of
the substance. The triple point line when projected to the p-T
plane becomes a point.

w s fﬁx

Wi i F .
i

| Pl dl P
| - b 1 Lig
Flsh L PP [ .,.@/
1 g

T T e

L T 1 A L-*’

B

— = B—s T

[
Fig. (b) p-v-T surface ofa
substance which contracts
on freezing

or a pure substance.

This equatlon forms the basis of the h-s diagram of a pure
substance, also called the Mollier diagram. The slope of the
constant pressure curve on the enthalpy-entropy diagram is equal
to the absolute temperature. When this slope is constant, the
temperature remains constant. Iftemperature increases, slope of
the isobar increases. The constant pressure curve for different
pressure can be drawn on the h-s diagram as shown in the figure.
States 2, 3, 4 and 5 are saturation curves.

==y ]

; ,f.__
fﬁf f*”’”

_-'._. "“-,_

o |

o "‘-i__-

— e el e

Bt L LY

By e

-__.-' —_—

 —

Figure shows the phase equilibrium diagram of a pure substance
on the h-s co-ordinates indicating the saturated solid line,
saturated liquid lines and saturated vapour line, the various
phases and the transition (liquid + vapour or solid + liquid or
solid + vapour) zone.



A-116

Thermodynamics

HE )

EXERCISE

III1

1. Nitrogen atan initial state of 10 bar, 1 m? and 300 K is expanded
isothermally to a final volume of 2 m3. The p-V-T relation is
[p+aJV =RT,wherea>0.

V2
The final pressure
(a) will be slightly less than 5 bar
(b) will be slightly more than 5 bar
(¢) will be exactly 5 bar
(d) Cannot be ascertained in the absence of the value of a

2. A p-V diagram has been obtained from a test on a
reciprocating compressor. Which of the following represents
that diagram?

(@) p by »p
Pout Pout |- —
\ (
pin Pin } —I
|
A%
© P )
pOLH
Pin |
e )
3.

The followmg four ﬁgugs I\fbve been drawn to represent a
fictitious therm ynati cycle, on the p—Vand T-S p'lanes

L8

Figal Fig. 2 S

Fig. 3 Fig. 4 S

According to the first law of thermodynamics, equal areas
are enclosed by

(a) Figures1and?2 (b) Figures 1 and3
(c) Figures1and4 (b) Figures2and3
4. Match items from groups I, I, III, IVand V.

Group I| Group II | Group III (Group IV| Group:V
When Differential|Function |Phenomeénon
added to the
system, is

E-Heat. |G Positive . |1 Exact K Path M Transient

. |
F Work |H Negative |J Inexact «|L Point |N Boundary
5,
-

(@) .F-G-J-K-M (b) E-G-I-K-M
-I-K-N F-H-I-'K-N

(b)  F-H-J-L- ; (b) E-G-J-K-N

" E-H- I- F-H-J-K-M

s‘&

) Dwc

6.

A 100 W electnc@lﬁras switchedonina2.5mx3mXx3 m

size therrﬁnﬂﬁ ated room having a temperature 0£20°C.
The room temperature at the end of 24 h will be

(b) 341°C
(c)[.7450°C (d) 470°C
The above cycle is represented on T-S plane by
P
A 3
400 kPa pV/ = constant
(2007, 2m)
100kPa| = 2 1
: >
I m vV, Vv
@] Ta (b) T4
3 ; |
1
) 2
> S=
() Ta (d T4
3 3.5 |
2 ! 2
S S
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7.

10.

11.

12.

13.

In a steady-state steady-flow process taking place in a device
with a single inlet and a single outlet, the work done per unit

Outlet

et Vdp , where V is the

specific volume and p is the pressure. The expression for W
given above is

mass flow rate is given by W = —|

(a) valid onlyifthe process is both reversible and adiabatic

(b) wvalid only if the process is both reversible and
isothermal

(c) wvalid for any reversible process

(d) incorrect; it must be W = [ pdV

Inlet
A balloon containing an ideal gas is initially kept in an
evacuated and insulated room. The balloon ruptures and
the gas fills up the entire room. Which one of the following
statements is true at the end of above process?

(a) Theinternal energy of the gas decreases from its initial
value but the enthalpy remains constant

(b) Theinternal energy of the gas increases from its initial
value but the enthalpy remains constant

(¢) Bothinternal and enthalpyofthe gas remains constant

(d) Both internal and enthalpy of the gas increase

A compressor undergoes a reversible, steady flow process.
The gas at inlet and outlet of the compressor is designated
as state 1 andstate 2 respectively. Potential and kinetic
energy changes are to be ignored. The following notations
are used

V = specific volume
and p = pressure of the gas

2 " = ) i’ )
@ IpdVv (b) [Vdp

1 1
(©) V](pz *p1) (d) —P> (V] *Vz)

A frictionless piston-cylinder device contains a gas initially
at 0.8 MPa and 0.015 m3. Itcexpands quasi-statically at
constant temperature toa finalyolume of 0.030 m>; The work
output (in kJ) during thi p‘fn’cess will be *

(a) 832 ‘ (b) 12.00 P

() 55461 A (d) 832000

Ifa closed system is undergoing anjirreversible process, the
entropy of the system

(a) mustincrease -

(b) always remains constant | . e

(c) must decrease * -

(d) can increase, decrease or remain constant

Consider the following two processes:

I Aheatsource at'1200 K loses 2500 kJ of heat to sink at 800 K.
II. Aheatsouree at 800 K loses 2000 kJ of heat to sink at 500 K.
Which of the following statements is true?

(a) Process I'is more irreversible than Process 11
(b) Process Il is more irreversible than Process I
(c) Irreversibility associated in both the process is equal

(d) Both the processes are reversible

A mono-atomic ideal gas (y = 1.67; molecular weight =40) is
compressed adiabatically from 0.1 MPa, 300 K to 0.2 MPa.
The universal gas constant is 8.314 kJ mol~'K~!. The work
of compression of the gas (in kJ/kg is

(@) 297 (b) 199

() 133 (d) zero

14.

15.
16.

17.

18.

The specific work required to be supplied to the co "
for this gas compression proce§sﬂis ) '

19.

20.

21.

One kilogram of water at room temperature is brought into
contact with a high temperature thermal reservoir. The
entropy change of the universe is

(a) equal to entropy change of the reservoir
(b) equal to entropy change of water

(¢) equal to zero

(d) always positive

A turbo-charged four-stroke direct injection diesel engine

has a displacement volume of 0.0259 m-” (25.9 L). The ending

has an output of 950 kW at 2200 rpm. The mean effective

pressure in MPa is closest to

(@ 2 (b) 1

() 02 (d o1

The values of enthalpy of steam at the inlet and outlet of a

steam turbine in a Rankine cycle are 2800 kJ/kg and 1800 kJ/

kg respectively. Neglecting pump work, the specific steam

consumption in kg/kW-h is

(@) 3.60 (b) 036

() 006 (d) 001

The crank radius.of a single-cylinder IC engine is 60 mm and

the diameter-ofithe cylinder is 80'mm. The swept volume of

the cylinderin cm? s

@ 4 (b)), %

(c) 302 (d) 603

The'contents,ofa well-'u&’ted tank areheated by a resistor

of 23¢¥in which c tis flowing. Consider the tank

&mg with it ents as a thermodynamic system. The
i done by'the system and the heat transfer to the system

are positive, Lhefates of heat (Q), work (W) and change in

internal "g%(AU) during the process in kW are

@ Q=0,W=-23,AU=+23

(b) ~Q=+23,W=0,AU=+2.3

(€)1 Q=-23,W=0,AU=-23

(d , Q=0,W=+23,AU=-23

An ideal gas of mass m and temperature T, undergoes a

reversible isothermal process from an initial pressure p; to

final pressure p,. The heat loss during the process is Q. The

entropy changes AS of the gas is

(p7) (p))
(@) meanlJ (b) mR. /¢ Lpz)

(pr)
(c) mK fnkl% . (d) zero

T
A cylinder contains 5 m® of an ideal gas at a pressure of
Tbar This gas is compressed in a reversible isothermal
process-till its-pressure increases to 5 bar. The work in kJ
required for this process is

(a) 804.7 (b) 9532

(c) 981.7 (d) 10122

Specific enthalpy and velocity of steam at inlet and exit of a steam
turbine, running under steady state, are as given below.
Specific enthalpy  Velocity

(kl/kg) (m/s)
Inlet steam condition 3250 180
Exit steam condition 2360 5

The rate of heat loss from the turbine per kg of steam flow
rate is 5 kW. Neglecting changes in potential energy of
steam, the power developed in kW by the steam turbine
per kg of steam flow rate, is

(a) 9012 (b) 9112

(c) 170725 (d) 17082.5
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22. The maximum theortical work obtainable, when a system (@ 01 (b) 02
interacts to equilibrium with a reference environment, is (c) 08 (d 09

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

called 33.

(@) Entropy (b) Enthalpy

(¢) Energy (d) Rothalpy

An isolated system is one, which

(a) permits the passage of energy and matter across the
boundaries

(b) permits the passage of energy only

(c) does not permit the passage of energy and matter across it

(d) permits the passage of matter only

The measurement of thermodynamic property known as

temperature, is based on 34,

(a) Zeroth law of thermodynamics

(b) Firstlaw of thermodynamics

(¢) Second law of thermodynamics

(d) None of the above

Which thermometer is independent of the substance or
material used in constructions?

(@) Mercurythermometer (b) Alcohal thermometer
(c) Ideal gasthermometer (d)* Resistance thermometer
A perpetual motion machine of the first kind i.e. a machine
which produces power without consuming any energy is

(a) possible according to first law of thermo-dynamics 35,

(b) impossible according to first law of thermo-dynamics
(c) impossible according to second law of thermo-dynamics
(d) possibleaccording to second law of thermo-dynamics.
In Rankine eycle, regeneration results in higher efficiency
because

(a) pressure inside the boiler increases™

(b) heat is added before steam enters the;‘ c
turbine

(c) average temperature O #11_633 adﬂitlon in/the’ boiler
increase

(d) total work delivered by the turbine increases 37

A process, in which the working substanceneither receiyves
nor gives out heat to its surroundings during its expansion
or contraction, is called

(a) isothermal process

- “(b) isentropic pr
(c) polytropic proc % (d) adiabatic pro?:s)
wh

If8Q is the heat t0 the system and 6w is the'work  3g
done by the sy: ich of the following is an exact
differential

@ & (b). 3W,

(c) 8Q+dW (B Q =W,

The ratio of specific heatslof‘a gas'at constant pressure and
at constant volume

(a) varies with tempetature (b) varies with pressure
(c) is always constant (d) none of the above

The piston of aft“eil engine, of area 0.0045 m3 moves
downward 75aam, drawing in 0.00028 m?3 of fresh air from the
atmosphere.The pressure in the cylinder is uniform during
the process at 80 kPa, while the atmospheric pressure is
101.325 kPa. Find the displacement work done by the air

finally in the cylinder.
(@ 13J (b) 18]
(¢ 21J d 271

Saturated liquid at a higher pressure P, having h; = 1000
kJ/kg is throttled to a lower pressure P,. The enthalpy of
saturated liquid and saturated vapour are 800 kJ/kg and 2800
kJ/kg respectively. Find the dryness fraction of vapour after
throttling.

. Inthe polytropic process equation, pV" =

For which of the following situations, zeroth law of

thermodynamics will not be valid?

(@) 50ccofwater ofat 25°C are mixed with 150 cc of water
at25°C

(b) 500 ccofmilkat 15°C are mixed with 100 cc of water at
15°C

(¢) 5kgofwetsteam at 100°C is mixed with 50 kg of dry

and saturated steam at 100°C.

10 cc of water at 20°C are mixed with 10 cc of sulphuric

acid at 20°C.

The compression ratio of a gas power plant cycle

corresponding to maximum work output for the. given

temperature limitsof T . and T will be

Y <l
@) Tax ROr+1) (b) (Tmin )2(7'1)
Tmin Tmax
Py (2]
T T
(c) Zmax, | ¥ h(d)k “min_ | ¥
Tmin R Tmax
The € not cye co@ of two reversible adiabatic
prDce and 5
two rev ‘Isothermal processes
two revers%g Gonstant pressure processes
(c) two 1 ¢ constant volume processes
(d)« on ever51ble constant pressure processes
Equal volume of all gases, at the same temperature and
pressure, contain equal number of molecules. This is
according to
(a)»" Charle’s law
(c) Joule’slaw

(d)

(b) Avagadro’s law

(d) GayLussac law
constant, ifn=1,
the process is called

(a) constant pressure process

(b) constant volume process

(c) constant temperature process

(d) none of these

. For a reversed Carnot cycle, which figure represents the

variation of T, for different values of COP for a constant
value of T; = 300 K (say)?

Ty =300 K
B =Y
O O
O O
@ (b)
T,.°K T..°K
Ty =300 K
H Ty =300 K
=% =8
° ° \/
O ©)]
© (d)
T,°K T..°K
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39.

40.

41.

42.

43.

44.

In steam power plant the heat supplied to boiler is 3608 kJ/
kg. The enthalpies at the entry and exit of turbine are 2732
kJ/kg and 335 kl/kg respectively. If the efficiency of power
plant is 64% then the efficiency of turbine will be

(@ 093 (b) 094

(c) 095 (d) 096
Vander Waal’s equation of state of a gas is
(a pV=nRT

®) (p—k%j(v—i—b):

[p+%}(V—b):

Lp -—1|(V-b)=RT

In which case the work done is negative?

(a) Arigid steel vessel containing steamat a temperature
of 110°C is left standing in‘the atmosphere which is at
atemperature of 32°C

(b) One kg of air flows adiabatically from the atmosphere
into a previously evacuated bottle.

(¢) A rigid vessel containing ammonia gas is connected
through a valve to an evacuated rigid vessel. The
vessels, the valve and the connecting plpe are_we
insulated. The valve is opened and afte
conditions through the two vessels be

(d) A mixture ofice and water is,€0
vertical cylinder closed atithe,ie ;
piston, the upper surfa exposed to the atmosphere
The piston is held stationary while the mixture is stirred
by means of a paddle-wheel protruding through the
cylinder wall as a result some of theice melts.

AtSTP, 8.4 litre of oxygen and 14 litre of hydrogen mix with

each other completely in an insulated chamber. Calculate

the entropy change for the PEQCESS assummg both the gases
behave like an ideal gas

(a) 2.48KkJ (b) 5.49kJ %

(c) 7.85kJ (d) zero

For an ideal gas the expression X

0s 0s 0s 0s
(-3 1 el o
{ oT oT ?TI;\' 0Ty IS ~always

equal to R

CP
(a) zero (b) a
(¢ R (d RT

The pressure p of an ideal gas and its mean kinetic energy E
per unit volume are related by the relation

_l _3E
(@) p—3E (b) P==
2 E

(c) p—gE (d) P—g

45.

46.

47.

49.

50.

An ideal gas expands isothermally from volume v, tov, and
then compressed to original volume v, adiabatically initial
pressure is P, and final pressure is P5. The total work done
by gas is w, then

(@ P3;>P,,w>0 (b) P;<P;,w<0

(© P3>P,,w<0 (d) P;=P;,w=0

If during a process, the temperature and pressure of system
are related by

v-1
T_z:[P_z] Y
T \p

then the system consists of

(a) any gas undergoing an adiabatic process

(b) an ideal gas undergoing a polytropic process

(c) any pure substance undergoing an adiabatic process
(d) anideal gas undergoing a reversible.adiabatic process
In a gas turbine,-hot combustion products with the specific
heats C, =0.98kJ/kgK, and C,,=0.7638 K enter the turbine
at 20 bar, 1500 K'exits at l-bar. The isoentropic efficiency of
the turbine is 0.94. The work ‘developed by the turbine per

(b) 794.66kl/kg
(d) 1312.00 kllkg

P2

T -

(@) p, represents monoatomic gas and p, represents
diatomic gas

(b) theadiabatic index for p, is higher than that for p,

(c) _the pressure p, is greater than the pressure p,

(d) | none'of the above

One kilomole of an ideal gas is throttled from an initial

pressure of 0.5 MPa to k0.1 MPa. The initial temperature is

300 K. The entropy change of the universe is

(a) 13.38kJ/K (b) 4014.3kV/K

(¢) 04621kIK (d) —0.0446kI/K

The inversion temperature T, of a gas is related to the Van

der Waal’s constants as

8a 27Rb
@ N =57R% ® =g

2Rb 2a
© Ti= d Ti=—

8a R.b
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1.

b

@

@

b)

©

©

©

T = constant

( 2 ) ( a )
Thus, Lpl +$J Vi= Lpz +7J V2

1 2
Vi a a
= pz:pl@ﬂ/zvl_g
p, = 10bar
V,=1m}
\/2:2m3
- p2=10x;+lx2—;‘25+2

Asa>0,p>5

In reciprocating compressor, at initial pointiof su@é
f

and final point of compression a littlehighenval
pressure is required to open,the inlet and ou&

respectively. ,
Heat is positive whetl added-tosSystem; is in exact
differential path function and boundary;phenomenon.
Work is negative, inexact differential, path function
and transient phenomenon.
Heat generated by bulb
=100%24x60%601]
=8.64x100]
. Heat dissipated =(L*V) X [Cy, (T'+20)]
100 x 24 X 60460 <(1.20 x3)x 2.5 x 3% Cy,(T~20)
0.32 x 108 <€ (T~20)
=1000% 1.004 (T —20)
= T=338.72°C
First ofall, process (1-3) is-adiabatic, means a vertical
line in T-S diagram;
As given figure is clockwiseyfor (1-2-3) so from Figures
1 and 2, clockwise(1-2=3) will be selected.
Under steady-state flow conditions,
AW=-AH+AQ ..(1)
Also, in reversible process,
T.AS=AH-VAp ...(10)
=-VAp=—AH+T.AS
From Egs. (i) and (i1), we get
AW =—-VAp
Integrating both sides, we get
W =—[Vdp
Enthalpy of balloon is given by
H=U+Pr
Initially balloon kept in insulated and evacuated room.
=> No heat transfer from outside. AO =0
Also, gas does not have to do any work against any

10. (a)

11. (@)

12. ()

13. (@)

external pressure.
= AW=0
From Istlaw,
= AQ=AU+AW

AU=0
Further, between initial and final(states, total energy
or enthalpytemains samefor the gas: The change in
pressure andwvolume is such that their product remains
constant.
Hence, h'also remains.constant.

dH=dU + d(pV)
Jid= U+ paV Ve,
[dH=] dp-

AT = 0% Vg
oo,

AR [ Vdp
Ake+ Ap.e + W =—[Vdp

2
W =—[Vdp
1
Work is done on the system.

V5
Wisothermal = P1V1/n V—l

0.030
0.015

=0.8%0.015%10° /n

=831kl

Due to internal friction produced in irreversible
process, entropy of the system increases.

From Clausius inequality,

d
Cyclicintegral.of TQ <0 for irreversible process

&+Q—2+&+....+
T o T Ty
For process I,

2500 2500 —_1.042
1200

800

For process 11,
2000 2000 _
800 500

Process II is more irreversible than process I.

In adiabatic process,

w = PV —PoVa

vy—1

Q7n<0

-1.5
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17. @ d=80mm

—1
T — Stroke length L =2 % Crank radian
AL _[PL|Y =2x60=120mm
T, \r:2 Then, swept volume V = A x L
0.67 T2
s = —d*xL
300 (167 _/n <10.4012 rialle
— == =(0.5)
T, (2 T
T,=396.30K = % (80)7x120
W R(T|-T,) =603 cm3
o = T 19. ) WehavedQ=dU+ pdU
mRT dV
8.314><(300—396.30) or TdS=mC,dT + ———
- 1.67-1 v
w kJ dS=0+mR —
—=1194 \4
m kmol (as isothermal process, dT = 0)
= 1194 J/mol ) )
Imol=Mg=40g (s <R Y
For 40 g, W =1194 e A
1194 .,
For 1 kg, W= TXIOOO AS:menﬁ &

=29.7kJ/kg
14. (d) In every case, entropy of universe is always positive.

(4S)
AS

(asp,V,=p,V,)

g 2
universe

system T ASsurrounding 20

15. (@ AL=V,(Sweft volume)=0.02 E ~ Wisothermal
N=2200rpm
2 2
Vi -V,
For 4-stroke diesel. 21. () Q-W =m|i(h2 —h1)+[%ﬂ
P=950kW =950 x 10°W
and 6=-5KW m=1kg/s

p = Pem XALXNXK 22. (¢) In thermodynamics, energy or available energy of a

60 system in the maximum useful work possible during a

process that brings a system into equilibrium with

; PempsaVer x% surroundings (heat reservoir).
950x10° = 4
60 ' e 2 T
_96:10&60><2 Al A
Pem =0 0259 % 2200 3 X
=2x10%Pa=2MPa i) 2]
16. @ |m, -EA 2
4
/1 447
> S
The object of the regenerative feed heating cycle is to
H supply the working fluid to the boiler at same state
2 between 2 and 2’ (rather than at state 2) there by
increasing the average temperature of heat addition to
H, =2800kJ/kg the cycle.
H,=1800kJ/kg 29. @ du=3Q-8W o . .
Work done = H, — H, = (2800 — 1800) kJ/k Since du is the property and it is exact differential so
} 2 £ 8Q—8Wis th differential
=1000 kJ/kg Q— oW is the exact differential. o
Then, specific steam consumptionm 31. (@ Here we have to find out the work done an the air in
the cylinder.
3600 =3.60 ke/kW-h work = change in volume due to piston

~ 1000
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displacement x pressure inside the piston
=0.0045 x 0.075 x 80 x 103
=27joule. 45. (c) 4
32. (@) Inthrottling process enthalpy remains constant. 3
h,=h
1 2
1000 =800+ x (2800—800) P
x=0.1 1
33. (d) According to zeroth law of thermodynamics, “when )
two systems which are equal in temperature to a third '
system, they are equal in temperature to each other’.
Accordingly when 50 cc of water at 25°C are mixed i
with 150 cc of water at 25°C, the resulting temperature ' >
of the mixture will be 25°C, Same analogy applies to v ’
situations in (b) and (c). However, this argument is not
valid when water and sulphuric acid, initially at the P,>P,
same temperature, are mixed. Here temperature will rise W <0
due to chemical reaction —the change is often violent. Agas know that sl £ isothermal oF in PV
38. () Forreversed Carnot cycle, ,S we _OW at slope oL 150 .e a. process )
diagram is less than slope of adiabatic process in PV
COP = L diagram. Thats why P; > P, and from'the process it is
T, -Ty clear thatWork done is negative.
For a fixed value of Ty, as Ty increases,COP also 47, (a) Cp=0.98, €,=0.7638 ¢ )
increases but not linearly. In fact COP decreases with P =20bar. T F
increasing difference between operating temperatures. ! ‘
39 n= WTurbine
- @ QSupplied 28305 b
e (72-33%) \
PET T 3608 - -1 0.28305
N =0.96 T_4_(P_4\ v T4 (20128305
41. (b,d) Signs of work for the fo o kp3 1500 1
@ O >~ h e
© O @ “ve T,=29047434k.
42. (b) AS:—R(nwnxl +1n, /n Xz) T3 *T4' 150071—*4/
Nn=———>09%=——""—-
T;-T. 1500—2904.7434
n =4 _0375 34
22.4 \ T',=2820.45
4 A P = Work w=C, (Ty-T',)
S ;& , " w=0.98(1500—2820.45)
‘ A ’ w=1294.049 kJ/kg.
X = n; +n, = 0:375 49. (o) ASuniverse - Assyst * Dssurrounding
ASsurrounding = 0 (Throtteled)
- - - - . NS A e
xy =—2— = 0.6 ¥ TGV 6
1’11"1‘1’12 e e b P et e e = P2 o i 0.1
_ =Rlogj—==28314log—
AS=-R (0.375 /m0.375 +0.625 (n 0.625) Py 0.5
=0.66Re=5.49 J/k ASypiverse = 13-38 kl/k
! 21 50. d) Gasesbecome cool during Joule Thomson’s expansion
44. (c) pV= gmnc2 = E.Emncz only if they are below a certain temperature called
inversion temperature T,. The inversion temperature
3p 1 mnc2 _E is the characteristic of each gas. Itisrelated to the Van
o STV T der Waals’ constants ‘a’ and ‘b’ by the relation
2E 2a
- = T =25
or p=73 " Rb



CHAPTER

STEAM TABLES

In steam table, properties of water are arranged as a function of pressure and temperature.
Saturates steam : Temperature table

POWER
ENGINEERING

Specific volume, m*/kg Internal Energy KJ/KG Enthalpy KJ/Kg Entropy KJ/KgK
Temp. | Pressure Sat. Sat. Sat. ‘Sat. Sat. Sat. Sat. Sat.
°C |[kPa, MPa| Liquid iquid | Evap. | Vapour | Liquid E;'ap. Liquid| Evap. | Vapour
T P t Vg us Ugg u, hg hy, S Sg
0.01 0.6113/10.001000] 206.132| 0.00 |23753| 23753 0:00" |250 25 0.0000| 9.1562| 9.1562
5 0.8721 10.001000] 147.118] 20.97 |2361.3| 238212 %2’0.98 2&9.6 2810.5 | 0.0761 | 8.9496| 90257
10 1.2276 10.001000] 106.377| 41.99 23472ﬁ 41.99‘_ ‘7‘ 2519.7 1 0.1510 | 8.7498( 8.9007
15 1.7051 [0.001001] 77.925 62.9%:“23 960 | 6298, [24659( 2528.9 | 0.2245| 8.5569| 8.7813
20 2.3385 0'00]002_i57§.90 ._83.947.';23319 2402.9 8394 |2454.1] 2538.1 | 0.2966| 8.3706| 8.6671
25 3.1691 [0.001003] 43.359, 104.86 [2304.9] 2409.87) 104.87 [24423| 2547.2 | 0.3673 | 8.1905( 8.5579
30 4.2461 |[0.001004| 32.893.| 125.772290.8] 2416.6 | 125.77 |2430.5] 2556.2 | 0.4369| 8.0164| 8.4533
35 5.6280 ]0.001006] 25:216.| 146.65 [ 2276.71. 24234 | 146.66 |2418.6| 2565.3 | 0.5052 | 7.8478| 8.3530
40 7.3837 10.001008]19.523 | 167.53.{2262.6| 2430.1 | 167.54 [2406.7| 2574.3 | 0.5724 | 7.6845| 8.2569
45 9.5934 10.001010] 15.258 | 188.41{22484| 2436.8 | 188.42 2394.8| 2583.2 | 0.6386 | 7.5261| 8.1647
50 12.350 7}0.001012] 12.032°1209.30 [ 22342| 24435 | 209.31 [2382.7] 2592.1 | 0.7037 | 7.3725[ 8.0762
55 15.758 [0.001015] 9:568 1230.19(22199] 2450.1 | 230.20 [2370.7] 2600.9 | 0.7679 | 7.2234| 7.9912
60 19.941 10.001017 7_.,6'717 251/09 1/2205.5]:2456.6 | . 251.11.1.2358.51.2609.6 | 0.8311| 7.0784| 7.9095
65 25.033 10.001020] 6.197 | 272.00 [2191.1] 2463.1 | 272.03 [23462] 2618.2 | 0.8934 | 6.9375( 7.8309
70 31.188 40.001023] 5.042 | 292.93[2176.6] 2469.5 | 292.96 [2333.8] 2626.8 | 0.9548 | 6.8004 | 7.7552
75 38.578+10.001026] 4.131 | 313.87[2162.0] 24759 | 313.91 [2321.4] 2635.3 | 1.0154 | 6.6670( 7.6824
80 47.390 (0.001029| 3.407 | 334.84 21474 24822 | 334.88 |2308.8] 2643.7 | 1.0752| 6.5369| 7.6121
85 57.834 10.001032] 2.828 | 355.82(2132.6] 24884 | 355.88 [2296.0] 2651.9 | 1.1342| 6.4102( 7.5444
90 70.139 10.001036] 2.361 | 376.82(2117.7] 24945 | 376.90 [22832] 2660.1 | 1.1924 | 6.2866( 7.4790
95 84.554 10.001040] 1.982 | 397.86(2102.7| 2500.6 | 397.94 [2270.2( 2668.1 [ 1.2500 | 6.1659( 7.4158
100 0.10135 10.001044] 1.6729 | 418.91 (2087.6| 2506.5 | 419.02 |2257.0( 2676.0 | 1.3068 | 6.0480( 7.3548
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Superheated vapour

Sat | 14.674 | 24379 | 2584.6 | 81501 [ 3.240 | 2483.8 | 26459 | 7.5939 [ 1.6%40 | 2506.1 | 2675.5 | 7.3593
50 14.869 | 24439 | 25926 | 81749 | — — — — — — — —
100 | 17.196 | 25155 | 26875 | 84479 | 3418 | 2511.6 | 2682.5 | 7.6047 | 1.6958 | 2506.6 | 26762 | 7.3614
150 | 19513 | 25879 | 2783.0 | 8.6881 | 3.880 | 2585.6 | 2780.1 | 7.9400 | 1.9364 | 2582.7 | 27764 | 7.6133
200 | 21.825 | 26613 | 2879.5 | 89037 | 4356 | 2659.8 | 2877.6 | 81579 | 21723 | 26580 | 28753 | 7.8342
250 | 24136 | 27360 | 29773 | 91002 | 4.821 | 27350 | 2976.0 | 83555 | 24060 | 2733.7 | 29743 | .8.0332
300 | 26445 | 28121 | 3076.5 | 92812 | 5284 | 28113 | 3075.5 | 85372 | 2.6388 | 28104 | 30743 | 82157
400 | 31.063 | 29689 | 32795 | 9.6076 | 6.209 [ 29684 | 32789 | 880641.3.1026 | 2967.8 | 32781 | 8.5434
500 | 35.679 | 31323 | 34890 | 98977 | 7.134 | 31319 | 34886 9.154—;1 3.5655 3‘1.3.1.5 3488.1 | 8.8341
600 | 40295 | 33025 | 37054 | 10.1608| 8058 | 33022 | 3705.1 33(;1.6 3704.7 | 9.0975
700 | 44911 | 3479.6 | 39287 | 104028 | 8981 | 3479.5 39282°| 9.3398
800 | 49.526 | 3663.8 10.6281 3663.5 | 41587 | 9.5652
900 [ 54141 | 3855.0 384.8 | 4396.1 | 9.7767
1000 | 58.757 | 4053.0 4052.8 | 46403 | 9.974
1100 | 63.372"| 42575 42573 | 48909 | 10.1658
1200 | 67.987 | 44679 | 5147.8 | 114090 13.597 | 44678 |+5147.7 | 10.6662 | 6.7986 | 4467.7 | 5147.6 | 10.3462
1300 | 72.603 | 4683.7 | 44097 | 11.5810| 14.521+| 4683.6 | 5409.6 | 10.8382| 7.2603 | 4683.5 | 5409.5 [ 10.5182
' Lo
0.88573 i 2543.6 | 27253 | 69918 | 046246 | 2553.6 | 27385 | 6.8958
150 0.95@ 2539 2768.8 |, 72795°| 0.63388 | 2570.8 | 2761.0 | 7.0778 | 047084 | 2564.5 | 27528 | 69299
200 | 1.08034| 26544 | 287054 7.5000 | 0.71629 | 2650.7 | 2865.5 | 73115 [ 0.53422| 26468 | 28605 | 7.1706
250 [ 1.198%0 | 273124 29’7-!".6 TT085+-0.79636 [~2728. 7| 2967:6 *|+7.5165 1 0.59512 | 2726.1 | 2964.2 | 7.3788
300 | 131616 | 2808.6 | 3071.8 | 7.8926 | 0.87529| 2806.7 | 3069.3 | 7.7022 | 0.65484 | 2804.8 | 3066.7 | 7.5661
400 | 1.54930| 2966.7 | 3276.5 | 82217 | 1.03151 | 2965.5 | 32750 | 80329 | 0.77262 | 29644 | 32734 | 7.89%4
500 | 178139 | 3130.7 | 3487.0 | 85132 [ 1.18669| 3130.0 | 3486.0 | 83250 [ 0.88934| 3129.2 | 3284.9 | 8.1912
600 | 201297 33014 | 3704.0 | 87769 | 1.34136| 3300.8 | 3703.2 | 8.5892 | 1.00555 | 33002 | 37024 | 84557
700 | 224426 ( 3478.8 | 3927.7 | 9.0194 | 149573 | 34784 | 3927.1 | 88319 | 1.12147 | 34779 | 39265 | 8.6987
800 |247539| 36632 | 41583 | 92450 | 1.64994| 36629 | 4157.8 | 9.0575 | 1.23722 | 3662.5 | 41574 | 89244
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RANKINE CYCLE

This is a reversible cycle. When all the following four processes
are ideal, the cycle is an ideal cycle called Rankine cycle.
Flow Diagram of Rankine Cycle

High pressure, high
temperature steam
-

>
Process 1
Furnace
(S’(jl\lrcec)) State 2
\
i L Boiler Generator
I
P State 1
i i Process 2
]
i E River
7. Condenser [ (Sink) State 3
Air _AY 1T,
and Combus-| L=
fuel tion Pyoccssﬁ
products Circulating
i,
Process Condensate B
_ pump
|

High pressure water

Simple steam power plant

Process 1 : Reversible constant pressure heating process of
water to form steam in steam boiler.

Process 2: Reversible adiabatic expansion of steam by turbine.
Process 3: Reversible constant process of heat rejecti
steam condenses till it becomes saturated liquid
condenser.

Process 4: Reversible adiabatic com

The efficiency of the Rankine cycle is given by

Whet - Wr=Wp _ Q1 -Qp _ (hy —hy)—(hp —h3)
Q Q Q (hy —hy)

where, Q1 = heat transferred to the working fluid

Q, =heatrejected from the working fluid
W = work transferred from the working fluid

W, = work transferred into the working fluid
RANKINE CYCLE WITH REHEATER

The flow diagram for the ideal Rankine cycle with reheat is
shown in fig.

o)

Boiler
reh€ater <

Generator

Condenser & @'
X
Q,
~ @ Pump

In this cycle, the expansion of steam from the initial state 1 to the
condenser pressure is carried out in two or more steps depending
upon the number of reheats used.

In this case efficiency,
_ Whet _ Wr=-Wp Q1-Q
Qi Q Q
Q; =h;—hg + hy—h,; Q, =h, —hy
Wy =h; —hy +hy—hy s Wp=hg —hg

In practise, the use of reheat only gives a small increase in cycle

efficiency, but it increases the net work output by making possible
the use of higher pressures, keeping the quality of steam at turbine
exhaust within a permissible limit.

By increasing the number of reheats, still higher steam pressures
could be used, but the mechanical stresses increase at a higher
proportion than the increase in pressure, becuase of the prevailing
high temperature.
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RANKINE CYCLE WITH REGENERATOR AND
REHEAT

The effect of reheat alone on the thermal efficiency ofthe cycle is
very small. Regeneration or the heating up of feedwater by steam
extracted from the turbine enhances the efficiency of the cycle.
Flow diagram of Rankine Cycle with regeneration and reheats
shown in Fig.

/@A//Boi]er
Q
(I-m; —m, —mj) kg
=
Q
®
>-@
Here,

Wi =(h; —h,) + (1 -m;) (h, —hy) + (1 ~my) (hy —h;)
+ (I =m; —m,) (hg—he)+ (1 —m; —my—my) (hy —h,) kl/kg.
Wp=(1-m; —m, —my) (h9—h8)+ (1 —m] ~>m,) (hy; —hq)
+(1-m)) (h;;-hy,)+ 1(h5—hy;) klkg
Q= —h)+(l-m) (h —h )kJ kg
and Q2 (1-m; —m,-my hg) kJ/kg
The energy balance of h ateré and 3 give \.
m h +(1{€ I'xh,,
mzhs +(1=my —my)hy, = (1 smph;;
.m3h6+(1 —m;—m,—-m;)hy (1 -m; -my)h,,
from which m, m, and m; can be evaluated.
BRAYTON CYCLE [| [ ¥~
It is the air standard cycle for#he gdS turbine power plant. The
flow diagram of Brayton cycleis shown in Fig .

Q

Heat
exchanger

We Wn et T ¢
A\
Compressor Turbine
Wee—

Heat
exchanger
[ wo—1

Qy

A

Process 1: Air is compressed reversibly and adiabatically.
Process 2: Addition of heat reversibly at constant pressure.
Process 3: In the turbine, air expands reversibly and adiabatically.
Process 4: From the air heat is rejected reversibley at constant

pressure.
Efficiency of Brayton Cycle:
Q T =T
n=1-—==1- 0
Q T;-T,
As Q, = heat supplied = mc (T3 T,)
Q, = heat rejected = mc,, (T -T)
y=1)/y
Now T2=[p2]( ) =*3(Sincep =p,,and p,=p;)
T \pm Ty b (N
To 1
T T
T4—T1 T] (pl\(Y—l)/Y (Vz\\y_l
or W, =|—=
Ty - T 1 et PzJ LVI

Ifr,_=compression ratios ,1/"2 the efficiency becomes
[from Eq; (1)]

s ..
nBrw"‘l =~ r?—l . (i)

If I, = pressure ratio = p,/p,; the efficiency may be expressed in
the followmg form also

(Pl
‘“Lsz

- 1
NBrayton ~ '~ (

)(v—l)/ Y

or ..(1i1)
rp
The efficiency of the Brayton cycle, therefore, depends upon

either the compression ratio or the pressure ratio.

BRAYTON CYCLE WITH REGENERATOR AND
REHEATER

In theregenerator, the temperautre ofair leaving the compressor
isTaised by heat transfer-from the turbine exhaust. The maximum
temperature-to which'the-cold air at 2 could be heated is the
temperature of the hot air leaving the turbine at 5. This is possible
onlyin an infinite heat exchanger. In the real case, the temperature
at 3 is less than that at 5.

We «—

WVWWr VWV

MWW @ Comm—
[

MM
WWWy

Regenerator

Q

@
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—»T
)
)

)

&%x

Effectiveness of the regenerator:

ty—ty actual temperature rise of air

Ts—T;  maximum possible rise of temperature

Efficiency of Brayton cycle with regenerator.

eE=

porQul Teem [ (1m)-!
Q T-T Ty 1-(Ts/Ty)
_ T 1-(Ty /T, )
T, T |1-(Ts/T,)
y=1/y
E:(p_Z} vy
T \p Ts
—1__L.,y-ly
NSl

For a fixed ratio of (T,/T,) the ¢ycle efficiency drops with
increasing pressure ratio. ~0 T 7 \
‘e

Effect of Reheat on‘]?”on‘ @:
Reheater

-~

v

T

va=c

In the cycle 4-5-6-4', r _ is lower than in the basic cycle 1-2-3-4", so
its efficiency is lower. Therefore, the efficiency of the cycle
decreases with the use of reheat. But T, is greater than T',.

- Therefore, ifregeneration.is.employed, there is more energy that

can' be recovered from the turbine exhaust gases. So when
regeneration is employed in conjunction with reheat, there may
be a net gain in cycle efficiency.

AIR-STANDARD OTTO CYCLE

The air-Standard Otto Cycle of spark-ignition (SI) engine. It is
named after N.A.Otto a German engineer who first built a four-
stroke engine in1876. In most (S-I) engines, the piston executes
four complete strokes within the cylinder and crankshaft completes
two revolutions for each, thermodyamic cycle. These engines are
called four-stroke internal combustion engine.

The schematic diagram of each stroke is shown in fig.
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1. Induction 2. Compression 3. Expansion 4. Exahust
VO Both value closed EVO
_ Spark ——~ _;vlv\
el
O @)
@)
O
TDC or inner 2 2 %
dead centre %,
(IDC)
BDC or outer
dead centre ~
(ODC) Y
(a) (b) (ep) 6, (d)
F
Indicator diagram :
4
o
1 h 2,6 R T, T
1 1
1 DC —V O DC T T
3 4
Process 1-2, Intake : The inlet valveis open, the piston moves to T, = T
the right, admitting fuel-air mixture into the cylinderat constant } }
pressure. | )
Process 2-3, Com‘;:'zﬁn th'the valves are closed, thépiston T4 m N (B -
compresses the co tible'mixture to the minimum volume. T 1 f - V_l
Process 3-4, Combustion: The mxiture is then'ignited by means
of a spark, combustion takes place, and there is an increase in -
temperature and pressure. 17 ATV E
Process 4-5, Expansion : TheAproduats of combustion-do work— - Eromeq. (i) 1'% W
on the piston which movesto the right and the pressure and
temperature of the gases.decrease. 1
Process 5-6, Blow-down : The exhaust valve opens, and the or Notto :l_ﬁ (i)

pressure drops to the\initial pressure.

Process 6-1, Exhaust': With the exhaust valve open, the piston
moves inwards to expel the combustion products from the cylinder
at constant pressure.

The efficiency of air-standard otto cycle

Q _, mey(@y-T) _, (M-T)
Q me, (T3 - Ty) (T -Ty) (D)

-1
T, (v !
T (v

n=I-

Process 1-2,

T

where 1, is called the compression ratio and given by

Volume at the beginning of compression  V; v,

L, =
k Volume at the end of compression Vy, v,

The efficiency of the air standard Otto cycle is thus a function of
the compression ratio only. The higher the compression ratio, the
higher the efficiency. It is independent of the temperature levels
at which the cycle operates.
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The net work output for an otto cycle

_P3V3-p4Vy paVo-piVi

W =
net 'Y—l ’Y—l

iV

Now, Ty, T or V=V =Yy
V2 2

Y

pz:ps:["lj .
P ps (V2 ‘
P3P p (say)
P2 P

_ Vi [p3v3 _PaVs P2V +1J
net —
-I\pVi Vi Vs

p - i p

Y Y

V, | T4 I Vi = -

:plil Lk_r _L_;,_l —pl l(r ry l_r —rky 1+1)
v=1 % T =

V -1
wm:%%%—MQ-ﬂ

DIESEL CYCLES :

It is a compression-ignition (CI) engine proposed by Rudolph
Diesel in 1890s. It is very similar to SI engine differihg'mainl
the method of initiating combustion. In digsel'cycle or co

engine during the compression stroke ofily air iﬂ ressed

on;plﬁsed. y

however in SI engine air-fuel mixtiite
The indicator diagram of diesel cycle

P

ey

Process 1-2, Intake : Theair valve is open. The piston moves out
admitting air into the.¢ylinder at constant pressure.

Process 2-3, Compression : The air is then compressed by the
piston to the minimum volume with all the valves closed.
Process 3-4, Fuel injection and combustion : The fuel valve is
open, fuel is sprayed into the hot air, and combustion takes place
at constant pressure.

Process 4-5, Expansion : The combustion products expand, doing
work on the piston which moves out the maximum volume.
Process 5-6, Blow-down : The exhaust valve opens, and the
pressure drops to the initial pressure.

Pressure 6-1, Exhaust : With the exhaust valve open, the piston
moves towards the cylinder cover driving away the combustion

products from the cylinder at constant pressure.

The above processes constitute an engine cycle, which is
completed in four strokes of the piston or two revolutions of the
crank shaft.

The efficiency of diesel engine :
- me (T -T) o (M=T)
v (T3 =T)

Q mc, (T3 = T,) B
Q =Q, ;=mc, (T;-T,)=heat supplied
Q,=Q,_,=mc, (T, —T,)= heat rejected
Efficiency in terms of compression ratio, expansion ratio and cut-
offratio.

Here,

Compression ratio,

Expansion ratio,

.

Cut-offratio,

It is see that

T _pvy _va_ 1

Process 2-3 =
T3 p3vy; vz 1
1
T2 = T3 LT
rC
-1
Tl [Vz JY 1
P 1-2 e =71
rocess = vi rlZ 1
1 T 1
Tl =T2 ._’Y—l :7.—'Y—1
T 2ol

Substituting the values of T, T, and T, in the expression of
efficiency.

Ty
30 41

! L 1!

n=1- k "

1

’Y(T3—T3.J

I
1 1 -1
nDieselzl_f'ﬁ . 1
Y L/ L=

1) -1
Asr > 1, =—(r°
Y 1

J is also greater than unity. Therefore, the
I, —

efficiency of the Diesel cycle is less than of the Otto cycle for the
same compression ratio.
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EXERCISE

III1

Group I shows different heat addition processes in power
cycles. Likewise, Group II shows different heat removal
processes. Group III lists power cycles. Match items from
Group I, Il and II1.

Group I1
Pressure 1.
constant
Volume 2.
constant
Temperature | 3.
constant

Group III
Rankine cycle

Group I
P. Pressure S.
constant
Q. Volume T.
constant
R. Temperature | U.
constant

Otto cycle
Carnot cycle

4. Diesel cycle
5. Brayton cycle

(a) P-S-5,R-U-3,P-S-1,Q-T-2

(b) P-S-1,R-U-3,P-S4,Q-T-2

(¢) R-T-3,P-S-1,P-T-4,Q-S-5

(d) P-T-4,R-S-3,P-S-1,P-S-5

Given below is an extract from steam tables.

Temperature

~

Ps Saturated

liquid vap '

(O

45 0.09593

0.001010 il 1
0.001658 | o.

342.24 150

3.

Specific enthalpy of water in kJ/kg at 150 barand 45°C is
(@) 203.60 (b) 200.53
() 19638 (d) 18845
A thin layer of water in field is formed after a farmer has a
watered it. The ambient air conditions are: temperature 20°C
and relative humidity 5%. “\

q

An extract of st ta‘ is given below.

I
Temperature (°C) —15]1-10] =5 10018 10 151 20

Saturation pressure (kPa) | 0.1

0.26( 0.4 }0.61(0.87(1.23|1.71|2.34

Neglecting the heat transfer bctween the 'water-and, the

ground, the water temperatures in the field after phase

equilibrium is reached equals

(@) 103°C (b) —10.3°C

() —14.5°C (d) 14.5°C

Which combination of the following statements is correct?

The incorporation of reheater in a stream power plant

P.  alwaysincreases the thermal efficiency of the plant.

Q. always increases the dryness fraction of steam at
condenser inlet.

R always increases the mean temperature of heat
addition.

S.  always increases the specific work output

Which one of the following is not a necessary assumption

for the air-standard Otto cycle?

10.

(a) All processes are both internally as well as externally
reversible

(b) Intake and exhaust processes are constant volume heat
rejection processes

(¢) The combustion process is a constant volume heat
addition process

(d) Theworking fluid is an ideal gas with constantspecific
heats.

In an air-standard Otto cycle, the compression ratio is 10.

The condition at the beginning of the compression process

is 100 kPa and 27°C. Heat added at constant volume is 1500

kJ/kg while 7007kJ/kg of heat is rejected-during the other

constant volumeprocess in the cycle. Specific gas constant

for air = 0.28 7kJ/kg-K. The mgan effectlve pressure (in kPa)

of the cycle'is

(a) 4103 (b) 310

() 0305 (d) 1032
he, thermal cy of an air-standard Brayton cycle in
e ratie

ms ofpres rrand y (= c/c ) is given by

1
@ it ® '
P p
i R
© l‘rjy @

Which one of the following pairs of equations describes an
irreversible heat engine?

CﬁSQ>0 and 9887Q<0
CﬁSQ<0 and q.)?<0
(JSBQ>O and¢—>0

§3Qz0and cﬁ%Q>o

For a gas turbine power plant, identify the correct pair of
statements.
P, Smaller in size compared to steam power plant for same
power output
Q.  Starts quickly compared to steam power plant
R Works on the principle of Rankine cycle
S.  Good compatibility with solid fuel
@ PQ (b) RS
© Q,R d PS
A diesel engine is usually more efficient than a spark ignition
engine because
(2) diesel being a heavier hydrocarbon, releases more heat
per kg than gasoline
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11.

12.

13.

14.

15.

16.

(b) the air standard efficiency of diesel cycle is higher
than the otto cycle, at a fixed compression ratio

(c) thecompression ratio of a diesel engine is higher than
that of an SI engine

(d) selfignition temperature of diesel is higher than that

of gasoline
Rankine cycle efficiency for a power plant is 29%. The carnot
cycle efficiency will be
(a) less (b) more
(c) equal (d) none of these

Diesel cycle consists of

(a) two adiabatic and two constant volume process

(b) two adiabatic and two constant pressure process

(c) two adiabatic, one constant pressure and one constant
volume processes

(d) two isothermal, one constant pressure and one
constant volume processes

A Carnot refrigeration system requires 1.5 kW per ton of

refrigeration to maintain a region at — 30°C.. The COP of

system will be
(a) 169 (b) 233
() 279 (d) 344

Brayton cycle can'not be used in reciprocating engines for

same adiabatic.ecompression ratio and work output because

(a) itrequires large air-fuel ratio

(b) itisless efficient

(c) largevolume of low pressure air cannot be efficiently
handled

(d) all ofthese

The relative humidity is defined'as,the “

(a) mass of water vapour‘s‘? ktf of dryair

(b) mass of water vapour present in 1 kg efdryair

(c) ratio of actual mass of water vapour in a unit mass of
dry air to the mass of water vapour inthe same mass of
dry air when it is saturated.at the same temperature
and pressure

(d) ratio of actual mass of water vapour in a given yolume
of moist air to the of water vapour. in \?ame
volume of s ratﬁm Sj at the same temperature and
pressure.

The correct representatlon ofa simple Rankine cyclenaT-

sdiagram is

A

T

@) '

(©) | (d)

17.

18.

19.

O

’F

21
22,
23:

24.

25.

With reference to air standard Otto and Diesel cycles, which

of the following statements are true?

(a) For a given compression ratio and the same state of air
before compression. Diesel cycle is less efficient than
an Otto cycle.

(b) For a given compression ratio and the same state of air
before compression. Diesel cycle is more efficient than
an Otto cycle.

(c) The efficiency of a Diesel cycle decreases with an
increase in the cut-off ratio.

(d) The efficiency of a Diesel cycle increases with an
increase in the cut-off ratio.

A refrigerating machine working on reversed Carnot cycle

takes out 2 kW per minute of heat from the system while

between temperature limits of 300 K and 200 K,.COP.and

Power consumed by the cycle will be respectively:

(@) land1kW (b) 1and2 kW

(¢) 2and1kW (d) 2and2kW

The bypass factor, in case of sensible cooling of air, is given by

@ tar="tas., ) t42. —t43
a

tao —dgg tai —das

ta3 —td1 Ttds —tan

tdz dg3 c @ tarsdas
51 = Dry bul geratu're of air entering the cooling coil,
= Drybulbtemperature of air leaving the cooling coil,
ty3 = Dry bu&&perature of cooling coil
An cngi orking on air standard otto cycle has a cyhnder
diameter 10 cm and stroke length of 15 cm. IV is 196.3 cm?
and heat supplied is 1800 kJ/kg, the work output will be
(2)" »1080.78 kl/kg (b) 1282.68 kl/kg
(c) 973.44Kkl/kg (d) 1172.56kJ/kg
Efficiency of a diesel cycle with approach to otto cycle,
when
(a) diesel engine will operate at high speed
(b) cut off period of diesel cycle is reduced to zero
(c) diesel fuel is balance with petrol
(d) none of these
A engine is working on air standard diesel cycle. The engine
has bore 250 mm, stroke 375 mm and clearance volume is
1500 cm3. If the cut off value is 5% of stroke volume the
efficiency of engine will be

@ 5325% (b) 60.5%

(€) ~64:89% (d) 67.75%
Number of processes in a Rankine cycles are
(@ 3 (b) 4

(© 5 (d 6

The comfort condition in air conditioning are at

(a) 0°DBT and 0% R.H. (b) 20°CDBT and 60% R.H.

(¢) 30°CDBT and 80%R.H. (d) 40°CDBT and 90%R.H.

The dual combustion cycle consists of two adiabatic

processes and

(a) two constant volume and one constant pressure
processes

(b) one constant volume and two constant pressure
processes

(c) one constant volume and one constant pressure
processes

(d) two constant volume and two constant pressure
processes
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26.

27.

28.

29.

30.

31.

32.

BS.

34.

3s.

The air standard diesel cycle is less efficient than the Otto  36. The stroke and bore of a four stroke spark ingition engine

cycle for the are 250 mm and 200 mm respectively. The clearance volume
(a) same compression ratio and heat addition is 0.001 m?3. If the specific heat ratio y = 1.4, the air-standard
(b) same pressure and heat addition cycle efficiency of the engine is

(c) samerpm and cylinder dimensions (a) 46.40% (b) 56.10%

(d) same pressure and compression ratio © 58:20% ) (d) 62.80% )
An otto cycle takes in air at 300 k. The ratio of maximumto  37. Anengine working on otto cycle having compression ratio

minimum temperature is 6 for maximum work output the of 5. The maximum and minimum pressure during the cycle
optimum pressure ratio will be are 40 bar and 1 bar respectively. The mean effective
(a) 748 (Z) 837 pressure of cycle will be
(c) 893 (d 939
The mean effective pressure of an Otto cycle can be (@) 7hbar (b) 789 bar
expressed as where (AP = Pressure rise during heat addition) (c) 9.04 bar (d) 11.79bar
38. A heat pump works on a reversed cannot cycle. Thetemp in

AP (AP) nth the condenser coil is 27°C and that in the eva i1
@) - - ® S : por.ator coil 1s

(v=1)(r-1) (v=1)(r-1) —23°C. For a work input of 1kW, how much is the heat

pumped?
(AP)th (AP)th @ 1kW (b) SkW

© (y=1)(r-1) C (y-1)z () 6kW (d). None'of these
The diesel engine and otto engine has same compression 39. What is sol gy NgptPesayre?

ratio. The cut off ratio of diesel engine is S. The air standard () It isequalto the U@ Of""}"tf por air temperature and
efficiency of these ggfles will be equal when absorbed total radiation divided by outer surface con-

@ s'—r(s—1)=0 (b) s'—r(s—1)+1=0 vective heat ansgoefﬁcient
(¢) s'—r(s—1)—1=0 d s—(s—1)-r=0 (b). fris equ é@ ed total radiation divided by
Brayton cygcle consists of sets of processes © convec at transfer coefficient at outer surface.

(a) isentropics and constant volume (¢). 'Itis cqua i€ total incident radiation divided by
(b) isentropics and constant pressure yvgefive heat transfer coefficient at outer surface.
(c) isothermal and constant pressuie " (d)" Tt1s equal to the sum of indoor air temperature and
(d) isothermal and constant volime absorbed total radiation divided by convective heat
For a given set of operating pressure 1131'[3‘% nkine transfer coefficient at outer surface.

cycle the highest efficiency occurs for 40. " In a Brayton Cycle, what is the value of optimum pressure
(a) Saturated cycle (b) Superheated cycle ratio for maximum net work done b/w temperature. T and
(¢) Reheat cycle (d) Regenerative cycle T,, where T, is the maximum temperature and T is the mini-
For the same maximum pressure and temperature mum temperature?

(a) Otto cycle is more efficientthan diesel cycle.

(b) Diesel cycle is more efficient than Otto cycle: T %1 T y2;l

(¢) Dualcycle is more efficient than Otto and diesel cycles (a) -4 (_3Jy (b) B} 4 ( -3 ] y

(d) Dualcycleis less eg;l tthan Otto and Dlesﬁycles i 1)

If compression engine working on otto éycle is

increased fro 6, it 1r standard efficiencywill increase by = 2(y-1)

@ 1% (b) )20% © = (ngz(yl) @ - [ T ] y

(©) 16.67% (@ 8% Pl Pl

An air standard diesel cycle at ﬁng’compressmn ratioand = ] )

fixedr N-la 41. Match list T (processer with) list II (Type) for Bell coleman

or Joule or Reverse Brayton cycle for gas cycle refrigera-
tion and select the correct answer using the codes given
below the lists.

ListI ListII

(a) thermal efficiency. increases with increase in heat
addition and cut'off ratio

(b) thermal efficiency decreases with increase in heat
additioncand cut off ratio

(c) thermal efficiency remains the same we the increase in Al Compr§5519n 1. Isobaric
heat addition and cut offratio B.  Heatrejection 2. Isothermal

(d) none of these C. Expansion ' 3. Isentropig

In an air standard otto cycle, the pressure in the cylinder at D.  Heat absorption 4. Isenthalpic

30% and 70% of the compression stroke are 1.3 bar and 2.6 Codes:

bar respectively. Assuming that compression follows the A B C D

law PV!3 = constant, what will be the air standard efficiency @ 3 1 4 2

of cycle by 3 1 3 1

@ 36% (b) 4% © 3 2 3 2

(©) 46% d) 48% @3 1 2 2



A-134

Power Engineering

42. Match list I with list IT and select the correct answer using
the codes given below the lists.

ListI ListII
A. Pelton turbine 1. Specific speed from 300
to 1000 + axial flow with
fixed runners vanes
B Prancis turbine 2. Specific speed from 10
to 50+ tangential flow
C.  Propeller turbine 3. Specific speed from 60
to0 300 + mixed flow
D. Kaplanturbine 4. Specific speed from 300
to 1000+ axial flow with
adjustable runner vanes
Codes:
A B C D
(@ 2 1 3 4
by 4 1 3 2
© 2 3 1 4

d 4 3 1 1
43. Centrifugal pump have which of the following advantages?

1. lowinitial cost

2. compact, occupying less floor space

3. easyhandling of highly viscous fluid

() 1,2and3

(¢ land3

44. Various psychrometric proces
below.

" e
t(°C) _—

Process in figure “# -~ s Name of the process

P. 01 L Chemical
dehumidification

Q 02 1. Sensible heating

R 03 iii.  Cooling and
dehumidification

S. 04 iv. Humidification with steam
injection

T. 05 V. Humidification with water
injection

45.

46.

47.

48.

49.

50.

(@) P-i, Q-ii, Riii, S-iv, T-v

(b)  P-ii, Q-i, Riii, S-v, T-iv

(¢)  P-ii, Q-i, Riii, S-iv, T-v

(d)  P-iii, Q-iv, R-v, S-i, T-ii

For a typical sample of ambient air (at 35°C, 75% relative

humidity and standard atmospheric pressure), the amount

of moisture in kg per kg of dry air will be approximately?

(@ 0.002 (b) 0.027

(c) 025 (d 075

The statements concern psychrometric chart.

1. Constant relative humidity lines are uphill straight lines
to the right.

2. Constant wet bulb temperature lines are_downhill
straight lines to the right.

3. Constant specific volume lines are dewnhill straight

line to the right.

4, Constant enthalpy lines are coincident with constant
wet bulbtemperature lines

Which ofthe following statements are correct?

(@ 24nd3 ®) land2

(¢)~ 1 and (d) 2and4

InaP : peripheral speedis 10m/s, the

W

(b) ~15.0kW
(€) 225kW
@),/ 37.5kW

Dew point temperature is the temperature at which
condensation begins when the air cooled at constant

(a) volume
(b) entropy
(¢) pressure
(d) enthalpy

The stroke and bore of a four stroke spark ignition engine
are 250 mm and 200 mm respectively. The clearance volume
is 0.001 m3. If the specific heat ratioy = 1.4, the air-standard
cycle efficiency of the engine is

(@)1 | 46,40%

(b) ~56:10%

(c)  5820%

(d) 62.80%

If a mass of moist air in an airtight vessel is heated to a
higher temperature, then

(a) specifichumidity of air increases

(b) specific humidity of air decreases

(c) relative humidity of air increases

(d) relative humidity of air decreases



Power Engineering

A-135

ANSWER KEY

1 (a) 11 (b) 21 (b) 31 (d) 41 (b)
2 (d) 12 (c) 22 (b) 32 (b) 42 (c)
3 (c) 13 (b) 23 (b) 33 (d) 43 (d)
4 (b) 14 (c) 24 (b) 34 (b) 44 (b)
5 (b) 15 (d) 25 (a) 35 (c) 45 (b)
6 (d) 16 (a) 26 (a) 36 (c) 46 (a)
7 (d) 17 (a, c) 27 (d) 37 (c) 47 (b)
8 (a) 18 (c) 28 (b) 38 (c) 48 (c)
9 (a) 19 (b) 29 (a) 39 (a) 49 (c)
10 (c) 20 (c) 30 (b) 40 (b) 50 (d)
mmmmmp  HINTS & EXPLANATIONS . """y

Pressure constant heat addition and pressure constant
heat removal are Brayton cycles.

Constant temperature heat addition and constant
temperature heat removal are Carnot cycles

Pressure constant heat addition and pressure ons%
heatremoval are Rankine cygles. } “

Volume constant heat addl_g_ﬁn and VqumE nstant
heat removal are Otto'eyclegr

For a given saturation pressure, if temiperature is lower
than the saturation temperature then it is subcooled
liquid or compressed liquid:' For 150 bar pressure
saturation temperature is 342.24."But as temperature is
lower than that, thus itis compressed liquid at 45°C,
specific enthalpy would be 188.45 kJ/kg.
Incorporation of reheater in a steam power plant always
increases dryness fraction of steam aticondenser inlet
and always increases specific work output.

Endof |
combustion

4,
o, Exhaust

O
% valve open

valve open pleéél
On

\zExhaust

’

Intake

Patm

TDC

6. @

| |5
1 1

TDC BDC
Air-standard auto cycle with four reversible processes
1-2; isentropic compression
2-3; V = constant heat addition
3-4; isentropic expansion
4-1; V= constant heat rejection
From the first figure, it can be seen that intake and
exhaust are not constant volume processes.

Py

<
<

<y

Given, p, =100 kPa
T,=27+273=300K

Heat supplied (process 2-3)
Qg=1500kJ/kg
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Heat rejected 4-1
ea 5220730 gfl‘(’;ess ) 2. ) ve= g(zs)2 (37.5) =18398.43 cm’
Gas constant for air, v, =V, =1500 cm3
fohanTdke =14 s o B8 a5
Compression ratio, r=10 = V_l Ve 1500
_ 2 V3=V, =0.05 (v, —v,)
Now, mean effective pressure is given by
_ Work done [V_3_ j - O.OS{V—I— }
Pmean Swept volume V2 V2
ﬁ—ﬁ—lo r,—1=0.05[12.26]
Now, Vi Vs r,=1.61
= V,=10V, (D) 1 (fc )r -1
Also swept volume MNdiesel =1~ T Y
= Y r (r - 1)
Vg=V,-V, (r) ¢
= Vg=09V,
Initially for air . 1 (1 .61)1 41
prVi =nRTy diesel = (13'26)0-4 1.4x 0,01,/ =605
~
Vi = IRT _ 1x0.28 25308 =0.861 m¥kg 26. (@ Theair standard diesel %ycle is less efficient than the
p1 100 Otto cycle, given the same’compressmn ratio and heat
Vg=0.9>0:861=0.7749 m3/kg addition. isimore efficient than the Otto
Work done in cycle k pressure and heat addition.
W = Heat supplied — Heat rejected = Qg — Qp
= 15004700 =800 kJ/kg 3 .
p v -
= Pmean Vs~ 07749 1032.39 kP G,
10. (¢) For same compression ratio and 4
otto cycle is most efficie
efficient.
In practice, however, the compression ratio of the Diesel
engine ranges between 14 and 25 whereas that of the |
otto engine between 6 and 12. Because of its higher .
efficiency than the otto engine: e
. . B - T, =300k
13. ) COP= Refrigeration effect, 2 _ 5 35 T
Work dones, o 150 \ —=6
208 WA :
. T,=1800k
([} 3
18. ()5 COR=_= TL 300-200 - ¥e 11?10_w ;h%t for maximum work output
T, = Lower temperature 274 13
T}, = Higher temperature T =yTT3
RE 2 R : T3 s YN Ts
Power = —— = AL L, e N 4 g
cop 2 T = [T1T3
20. (© Vs :gdzL 4 %(10)2 x15=1177.5 cm® = 1800300 =734.84k
1
v 1177.5 vi [T )t
r=léS 2142 4 ~ _:(_J
v, 1963 1+599 ~7 Vo T
n=—p- T L1
Qs (o) —| 2|7 =939,
0 ' [ T J
w 1
=1- W
1800 ! (7)1 4-1 28. ® Py, = -
S
W=973.44kl/kg W W
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W Qrej Constant
hip= Thermal efficiency = |- rejected _,  “onstant
mR AT .
qup plied qupplled
-l Thus the cycle with greater heat addition qupplied is
more efficient.
NynMRAT 1, APy,
w=— =—n . NDiesel ~ MDual ~ Motto
r-1 (v=1) | 1
=1- =1-(r)""
33. n 0
1+ —p @ (r)y
Ve
An Ar
—x100=—(1-1)—x100
vg =(r—1)v n (1-r) ;
p_ M (AP)ve = (r-1)2 %100
m r
(r=D(r=1ve
B Nyn (AP) =(14-1)x x100 =0.08 x [00=8%
~ (r=1)(r=1)

29. @ Motto = Ndiesel

T

- 1 14 1 {s—l]

(r)“/—l (r)Y—l r(s—1)
s“l=r@E—1)
sl 1(s-1)=0
Efficiency of ideal regenerative cycle is ex
to that of the corresponding Carnot cyc
maximum.
Following figures shows.e¥:
pressure and same ma m aturefInthis case,
otto cycle has to be limited to lower compression ratio
to fulfil the condition that point 3 is to be a common
state for both cycles.
T-S diagram shown that both.cycleswill reject the same
amount of heat.

/

31. @

32. ()

v

36. (0)

v

70% 30% V—»
vy =1
vy  =1+0.7(-1)
=0.7r +0.3
vy =1+03(r—1)
=0.3r+0.7
1
, 1/x o
V2' P2 1.3
0.7r+0.3 17
0.3r+0.7
r=4.68
s
1
= 1—ﬁ :046:46%
(4.68) a
v,=0.001 my
Vg =§><0.2002 x0.250m>
v r—1
n=1—[ . j
Ve + Vg
1.4-1
=1- 0.001 =58.2%

0.001+ gx 0.2002 x 0.250
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37. (¢ GivenP,=1bar Cooling and dehumidification-temperature decreases
P;=40bar and w also decreases
r=5 ie, 03
pat Humidification and steam injection — temperature
increases and w increases to
40 bar ie., 0-5
Humidification and water injection — temperature
decreases but w increases
ie., 04
45. () Ona psychrometric chart
75% Ry
1 bar
0.025
P, =P [
1 ! : 0.4746
n=1- =l=—77=0.
(r)r_l (5)04 " 300
R ( s - T ) 46. (@) Ona psychrometrlc chaq
Qs =c¢y (T3 = Tl) c\3772) Constant relative hum1d1ty lines are uphill curve not
r—1
vy (P3 —P 40-9.51)xv raight downhillto the right.
_YolfiPy) _ % =76.255v, e downhill straightto the right.
r-1 o es are not coincident to. WBT.
1+ VI 5 » + cos ¢) x flow rate '
Ve x#10(25 - 10) (1 +cos 120°) x 0.1
= ><15><05X01—15kW
vy =4v,
W 48. (0) Constant pressure line
n=—-— \
Q. T 4 l
0.4746 = VA T. L__
76.225VC dew
W =36.17v Dew point
¢ temperature
36.17 >
Py, = E = "Ye 29,04 bar \ e
9{ o " e Air is cooled at constant pressure to make unsaturated
38. (c) Hint : using formula (cop) = air to saturated one,
e )= % Q 5 9. @ Given,
T StrokeL=250mm
S G Diameter, d=200mm
L-T E A Clearance volume V=0.001m’
44. (b) Chemical dehumidification — temperature increases, w Now, swept volume
decreases, ) - 5
ie, 02 Vg ==d“L ==(200)" x250cc
Sensible heating — straight horizontal line towards 4 4
right, y-1
e 041 nol-|—Yc
VC + VS
Substituting values,
5 1.4-1
N\ w (kgkg) 0.001
1 n=I-
0.001+= (0 2) (0.25)
: 2 0582 0r 58.2%

t(°C)

50. (d) Relative humidity of the air decreases.
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METAL CASTING

Metal casting is a process in which molten metal is poured (in
liquid state) into a mould. There molten metal acquires the desired
shape and size. Which is made previously in the mould after
some time when metal gets solidified it is removed from mould.
Casting is the oldest method of shaping metal and non-metals. In
earlier time most popular casting method was “Sand Casting” in
which desired shape article is pressed in to sand and when the
article removed from sand it leaves animpression or cavity in the
sand. Which is exactly according to the shape of article after
removal of article molten metal is poured in this cavity formed in
the sand. The article used to make cavity in sand is known as
pattern and the cayvity made in sand is known as mould.

Advantage of Casting

1. Castingis acheap, fast and economical method of producing
any shape of metal and Non-metals.

2. Large and heavy structures can beymade‘easily b

method. a} .

For identical mass productiow'sﬂr 1S very suitable method.

4.  Dueto production of minimum scrap, wastage of raw material
is minimised.

5. Complex shape can be made easily by casting method with
low production cost and in less time inyvestment.

6. Casting is suitable for metal, nonmetal and alloys.

7. Insertion of any object of same‘material or dissimilar metal is
easier in casting method.

8. Some mechanical properties achieved in casting process
are distinct from‘any other manufacturing method.

Some important terms

(A) Mould. (B)” Pattern (C) Core.

(A) Mould: It may be defined as a shape made up of sand, Die
Steel, Ceramic, and rubber ete: in-which desired cavity i
produced with the help of suitable pattern.“According-to
the material used, in making cavity, the material can represent
the mould’s name like, if sand is prime material then it will be
known as sand mould, and rubber mould if rubber is prime
material in masking mould. Sand mould may further be
classified in.following types :

(i) Greensand mould :- The mold contains well prepared
mixture of sand, water (moisture) and binder (clay), as
name resemble green is not actually green colour but
normally natural sand used in wet condition having
suitable percentage of moisture and clay.

Skin dried mould:- It is more expensive mould having

additional binding material with Green sand, which

enables it less collapsibility, but higher finishing and
produce better dimensional accuracy. This additional

»

(ii)

O

’!‘

®)

JASTING

bonding material used in this mould is dried by using
torch etc.

Dry- Sand Mould :- It is mould silica sand which is
mixed with organic binder and baked in suitable ovan.
Where its moisture content is reduced due towhich it
provides lower collaspibility. These moulds are used
for better dimensional accuracy because its formation
isimore time consuming. Where as additional heat and
bonding material, involvement causes reduction in
production quantity. andiincrease in production cost.
No-Bake Mould:- The sand'ismixed with liquid resin
and allewed geg;iened at room temperature.

ﬂlcuum oulding:- (V-Process) is a variation of the
sand ca@ rocess for most ferrous and non-ferrous
metal in’ whielfin-bonded sand is held in the flask
with a¥aeutm. The pattern is specially vented'sothat
= Javacuum can be pulled through it. A heat softened
thin sheet (0.003 to 0.008 Inch) of plastic film is draped
over the pattern and a vacuum is drawn (27-53 KPA).
A special vacuum forming flask is placed over the
pattern and is filled with a free-flowing sand. The sand
is vibrated to compact the sand and a sprue and
pouring cup are formed in the cope. Another sheet of
plastic is placed over the top of the sand in the flask
and a vacuum is drawn through the special flask, this
hardens and strengthens the un-bonded sand. The
vacuum is then released on the pattern and the cope is
removed. The drag is made in same way then molten
metal is poured, white cope and drag are kept under a
vacuum because plastic vaporises but the vacuum
keeps the shape of sand till the metal gets solidified.
After which vacuum is turned off and the sand runs
freely, releasingthe casting.

Advantage of Vaccum Moulding Process:

(iii)

(iv)

™)
3 4

1. Produced very Good Surface finish.
2. Cost of bonding material is eliminated.

3. No- Production of toxic fumes and provide excellent
permeability.

4. No - Moisture generated defect.

5. Better life of pattern because sand did not touch the
pattern surface.

Disadvantage:
1. Lowers, the production rate.
2. Takes more time hence increases production cost.

Pattern : Pattern may be defined as a solid hollow shaped
item used to make cavity in the mould or we can say the
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replica of shape what we desire to cast patterns are made by
various metals and non-metals depending upon the
requirement like, wood, wax, aluminium, ferrous and ceramics
etc. These patterns are made slightly over size, for over
weight, material so that extra metal can be used for matching
etc. Most commonly used patterns are listed below.

Patterns may be classified according to the following factors:

(2) Shape and size and casting

(b) Number of casting to be made

(c) Method of moulding to be used

(d) Parameters involved in the moulding operations
(i) Solid pattern :-

=D

Solid patterns are made in single piece having simple
geometrical dimensions, it is easy to fabricate having
separately defined parting line;runner and Gate etc.

(i) Split pattern :-

(‘r%ﬁope pattern
(_)_E_)T)'rag pattern

‘When model have difficult geometrical dimensionsthen
patterns are made in two parts that meet along
parting line of mould using two'separate piece:
the mould cavities in the,gopegand dr e
separately and the patrg ¢ a]ridy determmed
(iii) Match Plate Pattern :-
A match plate pattern is similar te a split pattern except
that each half of the pattern is attached to opposite
sides of a single plate. The plateis usually made up‘of
wooden material. This pattern design ensures proper
alignment of mold cavities.in cope and drag/and.the
runner system can be included on the match plate.
Match plate patte(‘s a}’e used for larger prod%ion.

£

‘ x— Cope Pattern

Drag Pattern

Fig. (Cope and Drag pattern)
(iv) Copeand drag pattern :-
A cope and drag pattern is similar to a match plate
pattern, except that each half of the pattern is attached
to a separate plate and the mould halves are made
independently just as with match plate pattern. This
match plate helps in proper alignments of mould
cavities in the cope, drag and runner, etc. Match plate
patterns are used for larger production and often used

when the process is automated.

Cope pattern

=

Match Plate

V\

Drag Pattern
Fig. Match Plate Pattern
Design of Pattern

Pattern as we know very well a master/ shapeused to make
cavities in mould of desired shape and size. During pattern
designing we have to keep the following parameter in mind
as given.under, like material selection for pattern making. C
patterns are made from wood, aluminium, plastic, rubber,
ceramics-and Iron etc. In.general, pattern making process
involyes drawing making.of desired object, to be made by
casting alongswith @ddition of various allowance
mcasurements wi &nsions Most of the dimensional

[lowances t ded m pattern making are listed below:

% Shrink Allgwance : Shrinkage on solidification is

the r %fﬁr 1n volume caused when metal loses

5 temperature after casting. The shrinkage allowanee is

provided to compensate the reduction in volumetric

dimensions. Aluminium permissible shrinkage
allowanceis 0.013 mm- 0.01 mm.

(i), Draft Allowance: At the time of withdrawing the pattern
from the sand mould. It may damage the edge etc. so
for making withdrawn easy, all patterns are given a
slight taper on all vertical surface i.e. the surfaces
parallel to the direction of their withdrawal from the
mould. The taper is known as draft allowance.

(iii) Machining Allowance: It is also known as finishing
allowance. After casting process every casting needs
some machining or finishing operations in which a
considerable amount of material needs to be removed
from casting surface to compensate the loss of material
from the surface of casting, some additional amount of
material is provided in addition of draft allowance, this
percentage of extra material over casting surface is
known as machining allowance. This allowance is
provided both inside walls and out side walls of
castings.

(iv) Shake Allowance: Before withdrawal of pattern from
mould, the pattern is wrapped all around the faces to
enlarge the mould cavity slightly which facilitates its
safe removal and causes the enlargement in mould size.
So it is desirable that the original pattern dimensions
should be reduced to account for this increase in
dimensions or we can say that shake allowance is
provided in (—ve) to the original size of pattern.

(v) Distortion Allowance: The tendency of distortion is
not common in all castings. Only castings which have
an irregular shape and some such design that the
construction is not uniform through out will distort
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during cooling on account of setting up of thermal
stresses in them. Such an effect can be easily seen in
some dome shaped or ‘U’ shaped castings. To eliminate
this defect an opposite distortion is provided in the
pattern, so that the effect is neutralised and the desired
casting can be achieved.

Colour Coding in Pattern

Although colour coding is not accepted but the most
commonly used coding are given below.

(i) Red — machining surface

(i) Black — un-machining surface

(iii) Yellow — core prints

(iv) Red strips on yellow base — Seats for loose pieces.
(v) Black strips on yellow base — Stop ofts.

(vi) No - colour — parting surface.

(C) Core: Core is generally made up of sand having bonding
resin in proper quantity these core’s are used for making
hollow section inside the casting.

A good core must have following properties.

(@) It should have good permeability, so that gas can
easily escape during casting process.

(b) It should be made good refractory material so that it
can withstand the high temperature and pressure of
flow of molten metal.

(¢) Itshould have high collapsibility i.e. it should be able
to disintegrate quickly after solidification of casting
metal.

(d) The binding material or core material'should
produce additional gases dusing casting pro

Classification of Core:- — ‘&

(i)  Horizontal Core ‘ =

(i)  Vertical core

(iii) Balanced core

(iv) hanging over core

(v) Wirecore

Core molding: Cores are made separatelyin a core box madeup

of wood or metal. cores are made by two ways (i) manually by

hand and (ii) by using core making machines.

Characteristics of cores: lqll% ]

(i) Permeability: ade more permeable than the mold
to'achieve, goodpermeability. Coarse sand & fine'sand in a
specific quantity are mixed with molasses.

(ii) Collapsibility :- Core should possess good collapsibility so
that it can be easily removed’uﬁ’bm the; castingafter
solidification without making amy-damage to.the casting.

(iii) Strength :- Core should possess enough strength so that it
should not be de-shaped during placing in mold or during
the molten metal pouring.

(iv) Thermal Stability:-

Core material should have good thermal stability so that it

can withstand the high temperature during casting process.

SOLIDIFICATIONAND COOLING

In this process molten metal loses heat to the surrounding
atmosphere and changes its state from liquid to solid, if
conductivity of mould is higher it acts as the center of nucleation
and crystal growth commences from the mold and extends towards
the center. We can say, solidification occurs by nucleation of
minute crystals or grains, which then grow under the influence of
crystallographic and thermal conditions. The size of these grains

i’

ay t
nels durm
irectional s

get affected by the composition of alloy and its cooling rate.
During solidification heat is being extracted from the molten metal
as soon as it enters the mold. This heat is called super heat. The
latent heat of fusion is also evolved during solidification and it
must be transferred to the surrounding mold before complete
solidifications can be achieved. Thus there are three stages of
cooling i.e. liquid-solid and solid

Solidification Properties

(i) Fluidity: The ability of filling all parts of mold cavity is known
as fluidity.

(ii) Hot cracking: During cooling process a part of casting may
be placed under tension and these tensile stresses are greater
when the metal is weak and thus ultimately metal gets cracks.
Ifthere is arelatively large reduction in temperatur¢ during
subsequent solidifications, thermal contraction:may cause
cracking.

(iii) Effect of Inocculation: It is a process in which the properties
and structures of casting are enchanced by adding another
material (metal or non-metal) to the molten metal before
pouring. [

®

RISERAND GATING DESIGN { 1
Riseris.acavity madein mol
in‘casting.and acts as

Gatl : Gating d
at no part

compensate the shrinkage arises
fmolten metal.

ust control the phenomenon in such a
thegeasting is isolated from active feed
'&ﬁre freezing cycle, it is refferedto.as a
1cat10n The degree of progressive solidification

be controlled by providing risers or heads. These are attached
to the casting at the right location so that they can contmuously
supply hot-molten metal to the shrinking casting untill it is
completély solidified. Delivery of molten metal is mostly
accomplished by Gating System. Where as reserve metal is
supplied by risers or heads. Both functions can be served by
either of two. Hence no clear - cut distraction can be made.

Classification:
(1) Parting Gate
(i) Step Gate
Design of gating system:
The following formulas should be kept in mind while
designing of gating system.
(a) Bernoulli’s equation
2
D S Gnstant
pg. 2
Where, p = pressure, v = velocity of liquid h = head,
p =density of liquid
(b) Continuity Law:
Flowrate Q=A,; V,=A,V,
where, A = Area of cross — section
V = Velocity of liquid (molter n metal)
Time taken for pouring:

(i) Branch Gating
(iv) Horizontal Gating

volume of mould cavity
Ag+/2gH

Pouring time (t) =

Where, Ag = area of gate
Design of Sprees:
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hy Aj

Area of ratio (R) = E = A_l

N —_— N

h, — _—

where, A; = area of sprees at bottom
A, = area of sprees at tope

Some most important formulas used:
(a) Time taken to pour

Volume of mould cavity
(1= A, 2gH
gV<8

Ay |hy
(b) Aspiration effect : Aiz = g

(¢) Solidification time:

2
t—c|fi
]
where, ¢ = constant, V = volume, A—surfacew

(d) Relative freezing time (f) -(A/)’fcastmg
(A/V)tiver

V,

river

V,

casting

~a.
(H Cami’sformula: Rg ‘——T +c i A\
" q

where, a = Freﬁ cl‘racterlstlc constant
b = Contraction ration from liquid to solid

c = Relative freezing rate of river and.casting

CLASSIFICATION OF CASTING, /%

(@ Sand Casting: In this proccss g’cavity is made in a sand
mold by using desiredpattern and then after molten metal
poured into mould.<Which is after solidification known as
casting. There are two main types of sand used for moulding
Green Sand.and dry sand. In green sand un-burned sand
mixed with proper amount of clay as it binds and moistens
and when the sand is mixed with binding material other than
clay and moisture is known as Dry Sand.

Application of Sand Casting:

1. It is mostly used for cheapest casting process to maintain
low production cost.

2. Complex geometrical shape can be easily made by the
process.

3. Sand casting method is used for producing very heavy parts

(e) Volumeratio (Ry )=

like fly wheel of power press, Railway wheel etc.

Many large structures are produced by this method like
engine blocks, engine manifolds cylinder heads and
transmission cases etc.

Steps involved in sand casting:

@

(i)

Mould making : - In the process expendable sand is packed
around the pattern, which is a replica of the external shape
of the casting when the pattern is removed, the cavity that
will form is used for casting. Any internal feature of casting
that cannot be made by pattern that is made by separate
cores.

Clamping : - Once the mould has been made, it must be
prepared for the pouring of molten metal. So the surface of
the mould cavity is first lubricated to facilitate the removal
of the casting, then the cores are positioned and the mould
halves are closed and securely clamped together. It is
essential that the mould halves remains.securely closed to
prevent the loss of any material.

(iii) Pouring: Thisiprocess involves pouring of molten metal in

to mould in ‘such away thatall section of mould fills properly.
This can bechecked by rising’level of molten metal in the
risers:

(iv) Cooll his p lves cooling of molten metal
inside he mo ng after cooling process when
Iten metal lldlﬁed casting comes out after breaking
the mold.
mmmg D astmg process some extra material remains

ched with casting, this excess material removed from casting

18 known as trimming.

©

@

©

®

(9]

()

Die casting: - In this process cope and drag are replaced
with metal die. Molten metal is poured into cavity, made in
metal dies.

Pressure - Die Casting: - In this process molten metal poured
in metal die along with a specific pressure. This pressure
application enhance casting finishing and increase
production rate.

Slush Casting: - In this method molten metal is poured into
the mould and began to solidify at the cavity surface. When
the amount of solidified material is equal to the desired wall
thickness, the remaining slush is poured out the mould. As
a result slush casting is used to produce hollow part without
using core.

Plaster-Mold Casting- In this method sand is replaced with
plaster of paris is rest the process is similar to sand casting
method.

Investment Casting: - In this method a mould is made of
ceramic by using a wax pattern. When molten metal is poured
into mould wax get melted and replaced by molten metal. It is
mostly used for casting of (S.S), Aluminium alloy and
magnesium alloys etc.

Centrifugal Casting: - In this process mold kept rotating at
high speed and molten metal poured from centre of axis of
mould. Then molten metal due to its moment of inertia moves
towards inner wall of moving mould and due to light weight
of impurities present in molten metal segregated and collected
near the axis of rotation, which enables to make more pure
casting having higher accuracy and lowest impurities.
Continuous Casting: - In continuous casting process molten
metal is poured from a specific height in a vertical mould.
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This vertical mould kept cooling facilities so that the casting
continuously cooled down. This process is mostly used for
casting pipes, rod and sheet of brass, bronze copper,
aluminium and Iron etc.

(i) Shell mould casting: - This process is similar to sand casting
method except the molten metal is poured into an mold having
thin walled shell created from applying a sand resin mixture
around a pattern. The pattern used in this method can be re-
use to make many mold. This process is mostly used for
casting carbon steel, alloy steel etc.

CASTING DEFECTS:

(i) Un-filled section: - This happens due to insufficient metal
pouring at lower temperature than required.

(ii) Blow holes or porosity: - This defect happens, if molting
temperature is too high and non -uniform cooling on the
permeability of molding sand is low.

(iii) Shrinkage: - Some time after solidification the casting gets
reduced in size at surface or internally which is known as
shrinkage defect. Normally it happens due to improper
cooling rate, improper gating; rising and type of material
also.

(iv) Hot tears: - Too much shrinkage mostly causes cracks
internally and on external surface known as hot tears. It
happens due to improper cooling, and over ramming of
molding sand, etc.

(v) Mis-Run: - When molten metal fails toreach at every sect1on
of mold then some sections remains un-filled known as
run.

(vi) Cold shut: - When molten metalicomes fro%o nore
paths into the mould and 1iﬂneet1$ ese different
flow if not fuse together properly 18 kKiown as cold'shut.

(vii) Inclusions: - Any un-wanted metallic / non-metallic waste
present in casting is known as inclusion thus inclusions
may be slag of sand oxides or gases‘etc.

(viii) Cuts and washes: - These defects occurs due to erosion of
sand from the mould or core surface by molten metal.

(ix) Shot metal: - This defect appears in the form of's metal
shots embedded in the €asting which are exposed on the
fractured surface’of thi latter. It happens when the molten
metal is poure Id particularlywhen its temperature
isrelatively lower. Itmay splash the small particle separated
from the main stream during the spray and thrown ahead
and solidified quickly toffornrthe: Ehots.

P )
TESTING AND INSPECTION OF CASTING QUALITY

There are two types of testing methods used as given below
(a) Destructive testing
(b) Non-Destructive testing

Destructive Testing

In this method test piece gets permanently deformed. So this
type of testing is carried out on sample basis like per batch of
casting some specific percentage of pieces are selected and on
that pieces, properties of all batch is assumed. This method has
some following draw backs or limitations as mentioned below.
(1) It entirely depends upon judgement of inspecting person’s
skill.
(i) Itisa hit and trial method because the properties of which
piece is inspected that undergoes destruction and the

approximation idea is applied on rest of pieces of same
batch.

(@ii)) The sample selected may not be quite similar to the entire
batch but we do not have any option except of assuming
that all batch is same.

Classification of Destructive testing:-

(@) Tensile testing :- This test measures ultimate tensile
strength, yield and elongation etc.

(b) Impact testing :- This testing is used to measure the ability
of'a metal to withstand sudden shocks or impact. This test is
considered an excellent criteria of performance of metal
subjected to varying temperature including sub-zero
temperature.

Non-Destructive Testing

(@) Visual Inspection : As, its name indicates the casting object
is visually inspected. This method is useful for outer surface
only. No internal cracks can be identified by this method.

(b)Dimensional Testing: This method employes dimensional
measurement ofeasting.

() Magnetic particle test: Thigimethod is used in the low -
frequency surface magneticfield in casting to detect cracks,
porosity and inclusions, 1vely simple and in-expensive.

It has the advant g ing shallow surface flows but is
11m1ted to use miagnetic casting only.
ddy Current

ly curren(‘z;iﬂ&ﬂs used to detect surface or sub surface

aws in cleetricity conducting casting. It can also be used in

aluating characteristics such as hardness, heat treated
condition; alloy composition and variations in mass shape
conductivity and permeability, it is called eddy current because
ofthe action of electrical currents formed when a coil conducting
an_electric current is placed on or near the surface of sample
casting.

Advantage of Eddy current inspection method:-

(1) It detects surface and sub surface flows quickly.

(i) -~ Adopts to product sorting by easily gaging product by size,
shape, plating or insulation, thickness etc.

(ii)) Required No - special skilled operator.

(iv) Indication of flows is immediate.

Ultra Sonic Testing:

Ultra sonic inspection beams high frequency acoustic energy in
to a casting which'travels through the casting and some internal
crack interrupt the traveling. Which reflects an image on CRT
image viewer. Itis most effective and fast method to detect internal
cracks etc.

Radiography:

In this method X-rays and Gamma rays, are employed to pass
through the casting due to difference in density, test piece absorbs
different amount of radiation. Which is further recorded on
photosensitive film. After developing this film internal cracks and
density variations are identified, but this method requires skilled
operators.

Hardness Testing

This method implies testing hardness of casting by basinal
hardness testing and rock well hardness testing method.

File Test
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The file test consists merely of trying to make a notch in a casting
with the corner common metal file. If the metal solidified properly
without massive carbides the file will notch the casting easily ifthe
test edge is chilled, the file will skip over the metal without making
an impression. It is a simple, fast and inexpensive test method.
Leak Test

When casting will be required to withstand pressure. they may
be leak tested in foundary in a variety of ways including testing,
submerged bubbles testing, flaw detection and specific gas
detection. In one method air is pumped at a specific pressure into
the casting, which is then submerged in water at a given

temperature. Any escaping air can be observed as a string of

bubble escaping through a faulty section.
HEAT FLOW RATE DURING SOLIDIFICATION

Heat flows from the hoter portion to cooler portion of the casting.

Rate of heat flow per unit Area= % =—k [jt} ky/ hrm?
X

Where k = Thermal conductivity in KJ/hrmk®.

dt

= thermal gradient in units of temperature (T) and

distance (x). if metal is cooling against a large mold wall and heat
flow is normal to the mold surface thickness (x) of solid metal

Solidification time ¢ {

2 2
ts oc (Xj ts=K [X)
A’ A

deposited will be proportional to the square root of time (t) or x =

K vt

2
Volume
Surface Area

-+ K= Constant

pm /T o (L-&-Cm (Gp —Gf)) ’

K:
2K (6; —6,)

Where p, = metal density

p = density of molten metal
L = latent heat of liquid metal.

K
o= Thermal diffusity of mould = E

C,,, = Specific heat of mould
C = Specific heat.of molten metal
0p = Molten metal potting temperature

0= Coolingtemperature of metal
yﬂo = Initi em%ure of mould
3 4

H - EXE

1.  Match theitems of List I with thefitems of Lis‘a ct
the correct option. +«< ‘f # 1
List I List IT
(Equipment) (Processes)
P.  Hotchamber machine 1. Cleaning
Q. Muller 2. _Coremaking
R, Dielectric baker 3.\ Diecasting
S. . Sand blaster 4

~d Annealing
‘_\’5. Sand mixing *\

(a) P-2,Q-1,R4,S- (b) P4,0-2,R-3,85
() P4,Q-5R-1,S (d P-3,0-5R-2S1

2. An expendable pattern is used in
(@) slush casting (b).~squeeze casting
(c) centrifugal casting (d)~ investment, casting

3. Which of the following en‘g,ine.ar'ing materials.is the most
suitable candidate for hot chamber die casting?
(a) Low carbon steel (b) Titanium
(c) Copper (d) Tin

4. Volume of a cube of side / and volume of a sphere of redius
r are equal:. Both the cube and the sphere are solid, and
composed of the same meterial. They are being cast. The
ratio of the solidification time of the cube to that of the
sphere is
(@) (4n/6)’ (/D (b) (4m/6) (r11)”
(©) @6y i’ d @we)y

5. On cooling, a cubical casting of side 40 16mm undergoes
3%, 4% and 5% volume shrinkage during the liquid state,
phase transition and solid state, respectively. The volume
of metal compensated from the riser is

lsf‘Er’ i lll1

(@) 2% (b) 7%

(a) 8% d 9%

Two streams of liquid metal, which are not hot enough to
fuse properly, result in a casting defeat known as

(a) cold shut (b) swell

(¢) sand wash (d) scab

Match the items in Column I and Column II and select the
corrct option.

Column T Column IT
P, Metallic chills 1. Support for the
core

Q. Metallic chaplets 2. Reservoir of the
molten metal

R ~Riser 3. Control cooling
critical sections

S.  Exothermicpadding 4. Progressive
solidiflication

(@ P-1,Q-3,R-2,S4 (b) P-1,Q4,R-2,S3

(¢) P-3,Q04,R-2,S-1 (d P4,Q-1,R-2,S3

In a gating system, the ratio of 1 : 2 : 4 represents

(a) spruebase area : runner area : ingate area

(b) pouring basin area: ingate area : runner area

(c) sprue base area : ingate area : casting area

(d) runner area : ingate area : casting area

Green sand mold indicates that

(a) Polymeric mold has been cured

(b) Mold has been totally dried

(¢) Mold is green in color

(d) Mold contains moisture
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A cubic casting of 50 mm side undergoes volumetric
solidification shrinkage and volumetric solid contraction of
4% and 6%, respectively. No riser is used. Assume uniform
cooling in all directions. The side of the cube after
solidifications and contraction is
(a) 4832mm (b) 49.90mm
(¢) 4994mm (d) 49.96mm
A cube shaped casting solidifies in 5 min. The solidification
time in min for a cube of the same material, which is 8 times
heavier than the original casting, will be
(@) 10 (b) 20
(c) 24 (d) 40
Match the casting defects (Group A) with the probable
causes (Group B):

Group A Group B
P: |Hot tears 1: |Improper fusion of two streams
of liquid metal
Q: |Shrinkage | 2: |Low permeability of the sand
mould
R: |Blow holes'| 3: |Volumetric contraction both in

liquid and solid stage

S: |Cold Shut 4.

Differential cooling rate

(@) P-1,Q-3,R-2,S4 (b) P-4,Q=3;R-2,

(¢) P-3,Q4,R-2,S-1 (& Pal, Q-2, B‘ .
The hot tearing in a metal wi@s d%e‘o B

(a) high fluidity

(b) high melt temperature

() widerange of solidification temperature

(d) low coefficient of thermal expansion

The manufacturing process in which metal change its state
from liquid to solid.

(a) Casting A\
(c) Forging !
Flux used in ¢

T ;

‘_\’ (b) Machining
(d) Turning

la during melting of east Iron is
(@) coke (b) 'limestone
(¢) sand (&)~ None of these
In which casting consumalee patterni'is used.
(a) Sand casting = = (b) “dic-casting
(c) PD.C (d) Investment casting
Wax pattern are usual in
(a) Diecasting
(¢) Investment casting
In case of ITnvestment casting

(b) Slush casting
(d) None of these

(a) wax pattern used

(b) wooden pattern used

(c) metallic pattern used

(d) any of these can be used

The casting process by which hollow casting produced
without using core is known as

(2) Sand casting (b) Die casting

(¢) Centrifugal casting (d) Slush casting

20.

21.

22,

23.
24.
25.

26.

O

"‘

28.

30.

31.

32.

33.

34.

For non sysmetric shape suitable casting method is

(a) Sand casting (b) Slush casting

(¢) investment casting (d) all of these

For making smooth withdrawal of pattern from mould pattern
should made

(@ Smooth

(b) Slightly taper in vertical sides

(¢) Two parts

(d) None

The purpose of adding wood flour to foundry sand is to
improve

(a) collapsibility (b) strength

(¢) mouldability (d) all ofthese

Surface finish of casting depends upon

(a) mold degassing (b) pattern finish

(c) casting process (d) all ofthese

Cores are used to make casting

(a)~Hollow (b). moresolid

(c) more economic (d) “more weak

Wood forpattern is consideredidry when moisture content is
(@) 5% (b )' Z€ro
(c)” lessthan 15% (d) lessthan 30%
For steel casting followi e of sand is better.
" coarse J (b) fine grain

() 'medium grai (d) None of these
Trowel is g%

(@) pointed-tool

(b) ,~wooden hammer

(e) « tool used to repair corner

(d). s long, flat metal plate fitted with a wooden handle
Shrinkage allowance is provided in

(a) mold (b) pattern

(¢) both (d) None of these
Shrinkage allowance is made by providing

(a) cores

(b) taperin casting

(c) addition in dimension of pattern

(d) all of above

Casting process in which molten metal poured into mould
under pressure is known as

(a) _sand casting (b) slush casting

()" vacuum casting (d) pressure die casting
Casting process in which mould kept revolving is known as
(a) slush casting (b) vacuum casting

(c) centrifugal casting (d) die casting

Loose Piece pattern are

(a) better than Single piece pattern

(b) madein metal

(¢) similar to core print

(d) used when pattern can’t be removed from mould easily
Facing sand used in foundary work comprises of

(2) Silicaand Clay (b) Clay, sand and water
(¢) Clayandabumina (d) Silica and aluminium
Accuracy of shell moulding is of the order of

(@ 0.0lm/m (b) 0.lm/m

(¢) 0.003m/mto0.005m/m (d) None of these
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36.

Hexa methylene tetramine is added to the resin sand as a
(a) Catalyst (b) Binder
(c) dispersant (d) all of these

In investment casting process material used for pattern
making is

(a) wood (b) clay

(¢) aluminium (d) wax

37. Mark the most suitable material for die casting in the following
(a) copper (b) Nickel
(c) Steel (d) Castiron
38. In general, the draft on casting is of the order of
(@ 10-15m/m (b) 10-5m/m
(¢) 20-10m/m (d) 1-10m/m

39.

40.

41.

42.

43.

The purpose of rises in a casting process
(a) act as feeding way in mould

(b) act as reservoires

(¢) feed molten metal from basis to gate
(d) None

Match plate pattern is

(@) Greensand moulding  (b) Pitmoulding

(¢) machining moulding _.(d) Pitmoulding

For making ornaments and toys casting process used is
(a) die casting (b) Investment casting
(c) sand casting (d) slush casting

True centrifugal casting is used to get

(a) chilled casting

(b) accurate casting

(c) dynamically balanced casting

(d) Solid casting

Draft on pattern for casting is proyiding for
(a) Sapteremoval from mould: -

44.

45.
46.

47.

48.

49,

&
AW

(b) adding shrinkage allowance

(¢) providing better finishing in casting

(d) for machining allowance

Coal dust is added in moulding sand to improve
(a2) moulding strength (b) collapsibility
(c) surface finish (d) permeability
The gate is provided in mould to

(a) provide a reservoires

(b) constant flow

(¢) feed mould according to rate of cooling

(d) all of above

Sand slinger gives

(a) better packing of sand

(b) uniform sand density

(c) better packing of sand near flask

(d) none of above

As the size of casting increases, it is often better to use
increasingly

(a) Coarse grain (b) finegrain

(c) mediumgrain (d)» none of these
Linseed oilis used in the.core sand as-a

(a) partingagent “b), flux

(c)  binder (d) catalyst
Black colourmarking it@ttern isused toindicate
(a) machine ace (b) un-machined surface

v

* parting (d) None
Stirface to be machified in pattern making is indicated by
marking wi &f
(@ R (b) Black
(¢) Yellow (d) No colour

1 (d) 11 (b) 21 (b) 31 (c) 41 (d)
2 (d) 12 (b) 22 (@) 32 (d) 42 (c)
3 (b) 13 () 23 (d) 33 (a) 43 (c)
4 (d) 14 (a) 24 (a) 34 (c) 44 (c)
5 (b) 15 (b) 5 (c) 35 (a) 45 (c)
6 (a) T‘ 16 (d) Q‘; (a) 36 (d) 46 (d)
7 (d) 17 (c) 27 (d) 37 (a) 47 (@)
8 (a) 18 (a) 28 (b) 38 (a) 48 (c)
9 (d) 19 (c) 29 (c) 39 (b) 49 (b)
10 (a) DERTA (6] 30 (d) 40 (c) 50 (a)

AN
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4.

10.

(d Use” chvorinov’s rule according to which,

V)2
Solidification time (t) = B [XJ

and (Volume) cube = (Volume) sphere (given)
(@ Volume of cube = (50) = 125000 mm*
for 4% confraction,

4 3
V, =125000 - 125000 x 100 = 120000 mm

11.

For 6% confraction,

6 3
V, = 120000 — 120000 x 00~ 112800 mm
Now, a° = 112800 = a = 3112800
=48.32 mm
® ta(V/A)?andm,=8m,,
aa or pV,=8pV, = V, =8V,
a,=2a; = t,=4



CHAPTER

MACHINING

Machining may be defined as a process of removing extra material from the work piece to achieve a desired shape and dimensions
by using any cutting tool. Metal may be removed either in chips form or in fine powder form like metal removed form is tabulated

as under:
S. Name of Name of operation Removed Metal form
No. Machine to be carried out (Either Chip / Powder)
1 | Lathe Turning, Drilling; Inner..| Metal removed in form

turning, Threading and
Taper turning, etc.

of chipS

2 | Drill Machine

Drilling, Tapping, etc.

Chips

3 | Shaper Shaping ;hips ’

4 | Milling Machine Milling and Boarin&etc. Chips cy .
5 | Planer Plannjng,agg, gtc. Chips @ '/

6 | Broaching Machine g %

7 | Grinding Machine ing Powder

8 £ ﬁingﬁl\@chine Polishing Very fine powder

9 | Buffing Machifié

Buffing and Rolishing,
ete.

Very fine powder

The common features of machining process are listed below:=

1. The material of tool should<be harder than the work piece
to be machined.

2. The tool should be strong-enough and hold rigidity on a
proper support so that it can withstand the heavy pressure
during machinery.

3. The shape of cutting tool should-be designed in such a
manner that cutting edge p,rodu'ée maximum pressure on
work piece. &

4. There is always a relative' motion of tool with regard to the
work or that of the‘work with regard to the tool or both in
relation to each{other.

Basic Elements of:Machine Tool

All machine tools do one similar work that of removal of

material from work piece and all these machine tools have some

common elements as given below:—

1. Frame Structure.

2. Slides and Guideways.

3. Spindles and Spindle bearing, etc.

4. Machine Tool Drive.

MACHINETOOL CONTROLS

On observing machine tools, we find that it contains many
levers, hand wheels, stop switches, drivers etc. All of which are
known as the control of machine tool which performs a specific
function in every machine tool. All their controls specified are
of the following types:
1.  Mannual control.

3. = Automatic control.

2. Semi-automatic control.
4.  Numerical control.

Important factors required in today’s scenario as following:

(a)  Quick metal removal.

(b) High class surface finish with economic tooling cost.

(¢)  Minimum idle time of machining at lower power
consumption.

Cutting Action

For cutting action, a relative motion between the tool and work
piece is necessary. The relation motion between tool and work
piece can be maintained either by keeping work piece stationary
and moving to tool or by keeping tool stationary and moving
work piece. The cutting action can be classified into following

types:—
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L.

Orthogonal cutting and 2. Oblique cutting.

Work Piece
Movement

I R A C

€ :
Cutting Tool
Movement

(a) Orthogonal Cutting

Work Piece
Movement

Lo i C

_
Cutting Tool
Movement

(b) Oblique Cutting

Turning on Lathe in Cutting Process

As shown in above figure, two types of tool shapes are used
in orthogonal cutting process. We see that the cutting edge is
rectangular and the turning face of work piece is made flat. This
type of cutting is known as two-dimensional cutting. while.in
oblique cutting process, the tool’s cutting edge is made like
triangular / inclined. This processis known as three-dimensional
cutting.

CUTTING TOOLS

Cutting tools may be defined as the tools required for cutting.

The cutting tools used in power operated machines are
commonly harder and having more red hot hardness than
manually operated tools. These tools are designed to acqui

more useful cutting using minimum powers¢onsumpt

6.

Properties of Good Cutting Tool Material
1. ﬁ
2.

It should be tough enouglil agig%bod étrength.

It should have good resistance againstwshoek, wear,

corrosion, cracking and creep, etc.

It should have good response for hardening, tempering

and annealing, etc.

It should be economical and easily available.

It should have capability 4o _rctain these physical and

mechanical propertics " *zevated temperature%uring
is

machining operati roperty may be knownas red
hot hardness. []

It should be easily fabrlcated into tool shape.

Classification of Cutting Tools
Cutting tools may be classified-as~foltows-on the-basis-of
having number of cutting point/edges:=

1.

Single Point Cutting Tools: These cutting tools contain
only one cutting edge/point. For example, turning, parting
and grooving tools. for' lathe machine, shaper tools and
planer tools, etc:

Multi Point:Cutting Tools: These cutting tools contain
more than one cutting edge / points. For example, drill bit,
broach and milling cutter, etc.

On the basis of motion cutting may be broadly classified as
follows:—

1.

Linear or Reciprocating Motion Tools: For example,
shaper tools, lathe tools and planer tools, etc.

Rotary Motion Tools: For example, drill bit, milling cutter,
grinder wheels and honning tool, etc.

Common Cutting Tool Materials

Depending upon their physical,

chemical and mechanical

properties, etc. some metal and alloys in common use are
mentioned below:—
-

1.

¥

High Carbon. Steel: High carbon steel shows different
hardness“with different percentage of carbon contents. It
shows® BHN hardness, from 400-750 with different
percentagesoficarben. Itfcontains carbon percentage 0.6%-
1.5% nﬁnaﬂy 2
’hlgh ca teel start losing its hardness above
0°C. So, its ii€ation is limited in slow moving /
operating mgnd tools and wood working machine
toois etc” Forexample, hammers, cold chisels, files, anvil,
sawss.screw drivers, center punch and razors, etc.

Diamond: Diamond is the hardest and brittle material but
its.use is limited due to its high cost. It consists great wear
resistance but low shock resistance. So, it is used in slow
speed cutting of hard materials like glass cutting tool,
grinder wheel, dressing tool and other cutting tools, etc.

High Speed Steel: 1t is most commonly known cutting tool
material. It contains 18W, 4Cr, 1% V. In some tools,
additional cobalt with 2%-15% is also added to increase its
hardness up to 600°C. It contains sound ability to bear
impact loading and perform intermittent cutting.

Stellite: 1t contains 40%-50% cobalt, 15%-35% chromium +
12.25% vanadium + 1%-4% carbon normally and it consists
good shock resistance, wear resistance and hardness.
Normally, it retains its hardness up to 920°C temperature
and it 1s used for comparatively harder materials like hard
bronze and cast iron, etc. It can be employed for two times
more speed than common High Speed Steel tools.

Cemented Carbide: These are generally used in sintered
tips form made up of powder metrology process. These are
directly manufactured into desired shape and size and
mounted on suitable holders (either by brazing or by
clamping, etc.). These holders are normally made by
medium carbon steel. It gives better results than satellite
and high speed steel. It can be used with four times more
cutting speed than high speed steel tools and can retain
its hardness up to 1200°C temperature.

Ceramics or Cemented Oxides: These are made by
applying sintering process with aluminium oxides and



Machining and Machine Tool Operations

A-149

boron nitride in powder form. It is also made up in
readymade tips form. Which is used after mounted on a
suitable tool holder (either by brazing or by fastening).
These can easily retain their hardness up to 1200°C
temperature and can work 2-3 times faster than tungsten
carbide tips. Sometimes these ceramics give more
satisfactory results in finishing, etc. than tungsten
carbide, etc.

Cutting Tool Geometry

The different angles provided in cutting tool also plays a
significant role in machining process along with the material of
tools. Here we give a sketch of single point cutting tool
designed for different turning processes.

End cutting angle

v/

Nose Radius —y (  Face Shank Z
Side cutting
angle
Top View
Nose Face
\‘ Lip rake angle
Side Rake —> f % -
angle r
gb Shank Z
s N\ End relif N
7‘ angle Head
Side Clearance
angle
Front View
Front clearing
angle
Side View
Cutting Tool Angles

Rake angle: The angle between face of/tool and a plane
parallel to its base. If this inclination is.towards. the shank, it
is known as back rake angle ortop raKe angle and if measured
along with side is known as side rake angle. These angles
reduce the strength of tool’s cutting edge. But along with
reducing the strength, these angles also through away the chip
from the cutting edge, which causes reduction of pressure on
cutting edge of tool:

Negative rake: When these angles are made in reverse
direction to the above are known as negative rake angle.
Obviously these angles strengthen the tools but reduce the
keenness of cutting edge but these angles are used for extra
hard surfaces and hardened steel parts, etc. and used generally
carbide tips, etc.

Lip angle: Lip angle may be defined as the angle between face
and the flank of tool. As the lip angle increases, cutting edge
will go stronger. It would be observed that since the clearance

angle kept constant, this angle varies inverse to the rake angle.
So; when-the. strong-eutting edge is required like for harder
material, rake'angle is.reduced and lip angle increased.

Clearance angle: As the name resembles, this angle is made
in tool to provide clearance between job and cutting edge of
tool. If the angle is provided in side of cutting edge, it is known
as side clearance angle and if this angle is given at front of
tool it is known as front clearance angle.

Relief angle: This angle formed between the flank of tool and
a perpendicular line drawn from the cutting point to the base
of the tool.

Cutting angle: The total cutting angle of the tool is the angle
formed between the tool face and a line through the point
which is a tangent to the machined surface of the work at that
point. Obviously, its correct value will depend upon the
position of tool in which it is held in relation to the axis of the
job.
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CHIP FORMATION

Chip may be defined as a thin strip of metal removed from the
work piece as the tool progressed into work piece. Like in lathe
machine, where job is kept moving and a study tool advanced
into it, the metal’s thin strip removed from work piece due to
its plastic deformation but as the length of chip increase a
stress compress the chip and after a limit, this chip gets
fractured and removed from work piece. The shearing of metal
chip formation does not, however, occurs sharply along a
straight line.

Chip

Shear Zone

Work Piece

/¢
J

/

/1/4
B

Chip Formation
The grains of metal in front of cutting edge of tool start

elongation the line AB and continue to do so until they are é

completely deformed along CD. The region betweensABCD i
known as shear zone.

Types of Chips ,‘

Chips may be classified as givwi@rgfi o 2
1. Discontinuous or Segmental chip.
Continuous chip.

2
3. Continuous chip with built-up edge:
1

Discontinuous Chip

O
Dﬁé:tim!)us S
e

Chips

X Work Piece Z

Discontinuous Chip Formation
These type of chips formed in small pieces as shown in
figure. This type of chips are produced during machining
of brittle material like cast iron and bronze, etc.
In machining of brittle materials, shear plane gradually
reduce until the value of compressive stress acting on the
shear plane becomes too low to prevent rupture along with
as the tool advance formed in work piece. At this stage,
any further advancement of tool results in the fracture of

metal ahead of it, that’s why it results in production of
segmented chips. In this type of chip formation, excessive
load has to withstand by tool which results in poor surface
finish of work piece.

2. Continuous Chip Formation

_—7

Continuous

Work Piece

N 4

W Continuous Chip Eormation
As showngin' figure, the chip formed in a continuous
ribbon. form and breaks aftér a eértain length. It happens
when ductile.material 1mchmed. In this chip formation,

minimum load e tool’s cutting edge. So, that

a}better finis hieved and minimum wear and tear
cur in - tool cdge.

Contmuou with built-up Edge

Thts type o ch1p is generally formed during machining

ductlle material and a high friction exists at the chip tool
interface. Due to high friction, a high temperature generates
at melting point of chip and cutting edge of tool. Due to
generation of high temperature, chip formed at high
temperature. As the cutting proceeds, the chip flows over
this edge and up along the face of tool. Periodically, a small
amount of the built-up edge separates and leaves with the
chip or embedded in the turned surface. Due to this, chip
formed is not smooth. When the tool is operating with a
built-up edge a short distance, back from the cutting edge,
the wear takes the form of cratering of tool face caused by
the extreme abrasion of chip. This type of chip formation
may be reduced by using proper coolant.

Chip —>

Built-up

Edge ~N

Work Piece

N\ /

Showing Built-up edge
Due to built-up edge chip formation, surface finish achieved is
rough and chance of production in crater on the surface of
work piece.
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Chip Breakers

Normally, these are used where speed is high and continuous
chip is forming. Because these continuous chip formed a coil
shape around tool and work piece which may damage the finish
as well as the tool bit. Normally the following types of chip
breakers are used:

1.

CUTTING FORCE

Cutting force is a very important factor in. tool designing like we consider a lathe turning tool, it is a single point cutting tool.
The force acting on the tool is the vector sum of three component-cutting force mutually at right angle. The resultant cutting
force is denoted by (R).

Groove type: In this type, a groove is formed by grinding
on the top of tool behind the cutting edge leaving
sufficient space. So that the strength of cutting edge may

not affected. Cutting edge

\

Groove

Tool

Step type: This type of chip breaker is made by forming a
step on the top of tool starting from cutting edge as shown
in figure.

Cutting

Step edge

Tool

3.

Secondary rake type: As shown in figure, a rake is formed
on the top of tool behind the cutting edge.

Cutting edge

/

Rake

e

Tool

Clamp type: Normally, these types of tool breakers are
used in carbide tip tools where a small piece of sheet of
metal is clamped over the carbide tip either by fastening or
by brazing.

Chip breaker

Carbide
tip

Work Piece

where,
F = force normal to machine surface

F; = force acting parallel to the axis of work piece
F, = tangential force along work piece

F
g \\\ ey o
\ \\ f
L
v —
1 \\
! \
\
/1 \
R
Tool
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Out of these three components, force F, is the largest and F
the smallest. In case of orthogonal cutting, only two component
force come into play since the value of F| is zero in that case.
In single point cutting turning process, the component F , F,
and F, can be easily determined with the help of suitable force
dynometer. Thus resultant R can then be calculated from the
following relationship:—

R=[F2+F} +F

and in case of orthogonal cutting process, as stated that F_ is
almost zero. So, value of

R= JF2+F}

According to A.S.M.E. cutting manual, tangential cutting force
will be as given below:—
_ cyd
P, = Kp K, T°L
where,
P, = tangential cutting force

Kp = constant depending upon the material
K, = constant depending upon the true rake angle of tool

T = average chip thickness

L = length of cutting edge in active engagement
c and d are exponents depending upon the material being_ outs
The variable T and L are introduced in order to embrace the
nose angle. Nose radius feed per revolution and'depth of

Stress in Metal Cutting

As we know that when tool appligda®orce o work piece’and
resulting chip formation, the chip ];?odu ion_occurs due to
stress and strain development. To compute’ the stress and
strain developed on chip, we consider a single point cutting
tool as given below:—

B

Strain in Cutting

The values are-calculated for the conditions at the shear plane
where the two normal force F, and N are existing.
Let,

F_ = force across the shear plane

A, = area of shear plane

¢ = shear angle

b = width of chip

t = thickness of chip

F_ = cutting force

F, = tangential force

F, = force normal to shear plane

Z—F—skF/ 2
(29 = (kg F/mm’)
S

F,
and (o) (mean normal stress) = A—n (kg F/mmz)
S

where,
F,=F, cos ¢ - F, sin [0}
F, =F cos ¢ + F_ sin ¢
A
A, = —> (where A_= area of chip before removed)
S sin¢ 0

E F, cos¢ — F; sin
So, mean shear stress (1) = ——= Fe cos¢ —Fy sin¢
A bxt
sin©

(FC cos¢ — F sind)) sin
b xt

and mean normal stress,

Py {F, cos§ +F, sing

(o) = AL bt
- Q‘ sing
",' C {_'(Ftcos¢+FCsin¢)sin(|)

- bxt \

hear Straiﬂ"

#Tt has been.defined as the deformation per unit length. In metal
cutting, the diagram for measuring shear strain is taken from a
shear plane, we have

AB _AD+ DB

Shear Strain, y = —— D

CD
Ccosa

sin¢ cos (¢ — o)’

=tan (¢ — a) + cos ¢ =

Work Done in Cutting
The work done in cutting process may be calculated by adding
work done in shearing and work done in overcoming friction
arise. If
W = total work done
W, = work done in shearing
W+ work done in overcome friction
W = (work done“in-cutting + work spent in feeding)
A, = (cross-sectional area of chip before removal)
Now, assuming that there is no work loss, then total work done
must be equal to the work supplied, then total work done, we
have
W=W, + W, (D)
Now, we assume that total work supplied is used in cutting but
partly used in feeding the tool, then we have
W, = work consumed in cutting + work spent in feeding
W, = F, x V_ xF x feed velocity
Now, assuming that the F, is very minor in comparison of F .
So, neglecting the feeding work, we have

W, =F, xV, . (2)
Assuming that there is no work loss, we have
W, =W )]
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So, putting value in equation in (3), we have
FoxV, =W +W,; .. (4
as we know,
W, = F_ x V_ (shear force x shear velocity)
W, =F x V¢ (friction force x velocity of chip flow)
then,
F xV =F xV +FxV, .. (9
if the forces are taken in kg and velocity in metre per minute,
the work done will be in kgf m/min. Then,

Total work done in cutting per unit time

Volume of the metal removed in unit time

_ ExV, FE

AL XV, A,
F
So, we have |W = <
AO

Horse Power Calculation

Work done in cutting / minute

H.P. required for cutting =

4500
P _ E x Ng P {
ower = 4300 .. (1)
F. x V,
= ———kw . (2
4500 x 1.36 @

Source of Heat in Metal Cutting

N Lo WO

V'

Area (1) = Primary deformation area™,

Area (2) = Tool chip interface, s

Area (3) = Tool work piece mterface

Assuming that all work done is converted into heat, then the
heat generated we haye (Q), where

W, =F, xV,

then we have,

Q=T <V
EARNST-MERCHANT THEORY

It is based on the principle of minimum energy consumption.

It states that during cutting the metal, shear should occur in the

direction in which the energy requirement for shearing is

minimum. The other assumption made by them includes:—

1. The behaviour of metal being machined is like that of an
ideal plastic.

@OL WEARQFAILURE)
-‘_ !

2. At the shear plane the shear stress is maximum is constant
and independent of shear angle (¢).
They deduced the following relationship:

T T (04

=+
¢422

LEE AND SHAFFER’S THEORY

It is a theory about analysation the process of orthogonal metal
cutting by applying theory of plasticity for an ideal rigid plastic
material. The principal assumptions made for this include:

1. The work piece material ahead of the cutting tool behaves
like an ideal plastic material.

2. The deformation of metal occurs on a single shear plane.

3. There is a stress field within the produced chip which
transmits the cutting force from the shear planeto the tool
face and therefore the chip does not get hardened.

4. The chip separates from work piece at the shear plane.
Accounting all above Lee and Shaffer’s had “developed a
slip-line field for:stress zone, in which.no deformation
would occur. éven.if it is stressed to its field point. From
all these, ‘both " of them had derived the following
relationship:

c‘ Gr~45°+a—t

%We can sac
-

(D)

Tool failure may be defined in two main way like when tool is
well designed and grinded properly but it fails to work properly
and’second thing is tool works properly but after some time
after completing work pieces, it wears. Both are different things
but_we have to compute both of them because in both the
cases, production gets disturbed.

In case of tool failure without doing first job completely, we
may have the following reasons:

1. _If the work piece’s surface is very poor.

2. - Dimensions of work piece is not prepared properly.

3. If too much depth of cut used or too high speed of tool.
4. Appearance of burnishing band on the work surface.

During working, tool also wears after completing some limited
work piece which may have following reasons:

1. Thermal Cracking and Softening.

2= "Mechanical Chipping.

3. Gradual Wear.
1

Thermal Cracking and Softening: As we know that a lot
of heat generated during cutting operations and this heat
affects the work piece at cutting point and the cutting tip
of tool also. As the temperature exceeds the limit of tool’s
limit, the material of tool tip starts softening and if the
cutting is still carried out in that heated and soft condition
of tool, then it starts deforming and after a certain limit of
deformation, this tool bit loser its cutting ability. Some
main reasons of generating this excessive high temperature
are given below:

(a) Excessive feed of tool.

(b) Wrong combination of tool with work piece.

(c) Excessive depth of cut applied during metal cutting.
(d) If the cutting speed is increased then specified limit.
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Another failure of tool cracking is done due to variable
temperature increase during metal cutting. Due to this,
variable temperature tool material has to expand and
contract at many variable intervals and causes setting up
of thermal stress and this thermal stress causes cracks
locally at tool and the tool causes failure.

2.  Mechanical Chipping:
Face

/
4

7

Cracked / Chipped

cutting edge

In this failure, cutting nose gets chipped off or gets

cracked and the tool losses its cutting ability. This tool

failure has the following main reasons:—

(a) Extra hardness of tool than specified.

(b) Wrong grinding of tool for making tool’s cutting edge
as we may say that if the sharpness of cutting edge
of tool is made beyond the limit.

(¢) Wrong positioning of tool-on the tool post.

(d) Extra vibration in work piece during cutting process
also results in cracking or chipping of cutting edge.

(e) If the tip of tool has low strength then also it may
damage.

Tool Shank

3. Gradual Wear: During working process, tool has lost
some mass ‘and weight in very minor quantity and _this
minor quantity of mass and weight loss whenadded
gradually with time results in tool blunt / failiire’

Tool Life

Although there is no adequate ﬁthad toig ne the tool life,
for measurement, tool life may be defined on the'time interval
between two grinding (tool sharpening).”during which the tool
works satisfactory. As discussed earlier, it is subjected to wear
continuously while it is operating as we know after some time
when the tool wear is increased considerably, the tool lose its
ability to cut efficiently and must be reground, if not, it will
totally fail. The tool life can e:"ffectlvely used as the'basis to
evaluate the performanc the tool material assess
machinability of the work & material and.know the Cutting
conditions. There three'main ways to-express tool life:—

1. As stated in above para the time interval between two
grindings during which the tool*works' satisfactory.

2. In mass production, we ~ean= count~the number~of
components machined properly, Between two_ suecess in
grinding (sharpening of tool) (if the components are
machine are identical«hen the result will more accurate).

3. If the material cutting is same then we can compute tool
life by total volume/ weight of material removed between
two successivertool sharpening.

Factors Affecting Tool Life

Cutting speed, feed, depth of cut, tool material, work piece
material, physical properties of work piece and use of cutting
fluid, etc.

ECONOMICS OF METAL MACHINING

For cost computation, a metal-cutting operation may be divided
into four parts:
1. Cutting Cost.

/ : ure. Most en dete
can be repaired by re-sharpening upito'some limit o quati

2. Idle and Loading Cost.
3. Tool Changing Cost.
4. Tool Grinding Cost.
The cutting cost is reduced from a high value at low cutting
speed to a low value at high cutting speed. The idle and
loading cost remains practically constant regardless of the
machining time and cutting speed. The tool changing cost
increases with an increase in cutting speed and the tool
grinding cost increases appreciably with an increase in cutting
speed. If these four cost lines are plotted on cost with Rupee
per piece as ordinates and cutting speed V in f m as abscess
as a resulting combined cost curve of U shape is obtained
which is high for both low and high speeds. The lowest point
of this curve represents the cutting speed for minimum cost.
For determining the cost per piece and the minimum cost, the
equation given below:
VT'=C
where,
C = constant
V, = cutting speed
This 1s affected by the size cof cuty he material cut and its
structure, tool material, tool shape and cutting fluid, etc. The
exponent n.v; rles from 0.05 to 0.25 in general, with 0.1 as a
good represe tat
Prod tion Tlme ce, T F Loadmg + Idle time per piece
Machmmg Time + odr Changmg time per piece
ese values ‘ﬁe put in the form of an equation, which
mﬁred and made equal to zero give the following

)
= K — -1
()]
where,

T_ is the minimum time per piece
K, = Tool changing time / tool failure
1. Tool life for maximum production rate

(S uatlon.-

1
Tlnp = [H = l) x (tool changing time in minutes)

2. Cutting speed for maximum production rate
e
Vv =

mp Tmpn

3. Tool life for minimum cost per piece is

( cost in Rupee of changing\

and re-grinding a tool

cost in Rupee of labour

and over head per minute
4. Cutting speed for minimum cost per piece is

( cost of labour and )
over head per minute

o (n )"
V_Ckl—nJ

cost changing and

regarding a tool
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Non-traditional Machining

Non-traditional machining methods are not replacement of
convention machining methods but the complementary to them
because these non-traditional machining methods are always
developed to overcome the limitation arrears in conventional
machining methods. These methods are costlier but having
certain specific properties make them special. Some hard to
machine objects are machined by these machining methods like
machining of tungsten, tantalum, inconel, uranium, beryllium
and some high strength steel alloys and machined by these
methods.
The use of costly and hard to machine materials are very much
used in space research, air craft, nuclear plants and missile
technology, etc. to meet these requirements satisfactory and
economically. Non-traditional machining methods are developed
and still new methods are developing.
The existing non-traditional machining methods may be classified
in following types:
1. Classification on the basis of energy used: Like mechanical,
chemical or electro-chemical, etc.
2. Mechanism used: For example, shear, chemical ablation,
erosion, ionic dissolution and spark erosion, etc.
3. Energy transfer media: For example, physical contact,
electrolyte, electrons and radiation, etc.

SOME OF IMPORTANT NON-TRADITIONAL
MACHINING METHODS ARE DESCRIBED BELOW

Electrical Discharge Machining (EDM): It is most versatile in
all electrical machining methods. This method capibeused

any material only it should be conductive™in mna

hardness is not a constraint means afny hardnes terialiean
be machined only it should be elgétri®a! Congdiictive in nature.
The rate of material ‘removal and" tHe surface achieved
controlled by proper control of energy. D.C. power supply and
liquid di-electric solution bath. In this process, regulated D.C.

power supply used along with liquid di=electric solution like
paraffin or some light oil like transformer oil or kerosene-oil.

Advantages of EDM:

1. Noneed of annealing any die or tool for machining.'So, the
accuracy achieved is excellent. ‘

2. No distortion occuts. So, any weak material, any delicate
material or anyjaardness material can.be easily machined.

3. Any shape that can/be imparted” to the tool can be
reproduced on the work.

4. It is very fast process -and-evensfine-holes-on-minot
dimensions can be easily machin&d, with high aceuracy.

Disadvantage of EDM: Limitation of size according to capacity
of machine and unable to machine non-conducting materials, etc.

Laser Beam Machining (LBM): Laser Beam Machining is
depends upon phénomenon of amplification of light by
stimulated emission of radiation. In this process, light radiated
from a Xenon flash lamp focused on to the laser rod; to
reflected and to accelerated in the bath. This divergent beam
of light is focused up to work piece with the help of suitable
lenses and due to lenses the light beam strikes work piece in
very concentrated form. This concentrated laser beam striking
work piece melts the work material and vaporised it from that
particular place of striking laser beam. Although it is a very
costly machining method but it is employed where other
machining method cannot used or not feasible of use of any
other method.

Advantages of LBM:—

1. Any material (metal and non-metal) of any physical and
mechanical properties can be easily machined.

2. Since there is no direct contact between work piece and
tool and the effect of laser beam is completely localised,
there is no risk of material distortion / warpage, etc.

3. Laser Beam produced a high intensity of heat at a very
localised place at work piece. So, this mechanism can also
used for welding, etc. along with different machining
process like cutting, drilling, etc.

4. As the laser beam can be adjusted / focussed up to a long
distance by adjusting focus of lens. So, the machining and
welding can be done at very long distance from the set up.

Disadvantages of LBM:

1. Initial cost of installation is too high.

2. Flash lamp life is unpredictable and normally has a
short life.

3. This process has too low material cutting rate. So the
efficiency lies between 10% —15%.

4. This process.is unable to drill toe deep holes or the holes
are not round, "

5. Not workable with refractive material and plastic / rubber
like material which are supposed to eatch fire during
machining.

6. Highly'Speed la@gired to focus the lens, etc.
in

Elec g (EBM): It is very much similar to

ite of direlcctrigggolition bath. In this machining process, a
ieam of highli¥elocity electrons passed in a vacuum chamber
strikes: the work piece. In this process of machining
material-work piece is held in a vacuum chamber and the
electron beam focused on to magnetically. As the electrons
strike the work piece, their kinetic energy is converted into heat.
Thisconcentrated heat raises the temperature of work piece material
and-vaporises a small amount of it. And due to vaccum chamber,
beam of electron moves in straight to target otherwise electrons can
be deflected by colliding with gas molecules.
Advantage of EBM:
1. By this machining process any material (non-metal or
metal) can be easily machined.
2, There is no direct contact between tool and work piece.
No risk of any tool wear.
4. Highly precise machining operations can be done to
achieve high dimensional accuracy.
5~ Fhe theat-produced-can;be concentrated locally or we may
say the heat | generation can be concentrated within a
specified region.
6. Because heat produced localised and there is no direct
contact between tool and work piece. So, there is no risk
of warpage, physical damage of work piece.

Electro-Chemical Machining (ECM)

It is a reverse process of electro-plating. Only difference is this a
shaped tool (which required to make) made as cathode, and the
workpiece made as anode both anode and cathode are placed in
a bath of passing electrolyte solution. Maintaing a small gap
between anode and cathode, then a small voltage (D.C.) current
(approx. 0-30V) is passed through the flowing electrolytic solution,
this low voltage electrolytic solution passage make a controlled
removal of metal from the workpiece by anodic dissolution. The
electrolytes used possess such chemical properties that the
confluents of the seperated workpiece, material do not stick on

on Beam Ngs
§DM xcept that Clectron§ are moved a vaccum chamber in

(=)
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the tool surface. The electrolytic solution may be used of sodium
chloride, sodium nitrate, or sodium flouride etc. Practically all
metals can be machined by this method. However, its application
best suits for mass production because it includes high tooling
and equipment cost by this process extremely hard materials can
be easily machined and small size, odd shaped holes, catching
work and deep holes can be also machined easily. The material
used for tool making should be resistant enough to chemical
used in electrolytic solution and this material should also possess
good thermal and electrical conductivity, mostly brass, copper
and titanum etc. are used in making various tools.

The surface finish of these tools directly affect the finish of the
machined workpiece produced soin order to control the path of current,
proper insulation of tool is very essential. Normally a dimensional
tolarence of +0.125mm can be expected through this process.

Advantage of ECM

1. Any Good electrically conductive material can be machined.

2. Mechanical properties of material do not have any restruction
between the efficiency of ECM production.

3. Itisaquick high production rate process:

4. Almost no wear and tear produced in tool during this process.

5. No stress developed on the surface of workpiece due to this
process.

6. This process may.be used for very thin workpeice without
any danger of distortion in shape or dimensions.

7. By this process many machining operations like grinding,

tolerance of the orders of 0.05 mm.
Disadvantage of ECM

1. This process cannot be employedswith materi w
electrical conductivity. d
Initial cost of equipment ant‘olnre ]igﬁ

This process involves high power consumption.

A large area is required for equipment etc.

A close monitoring is required by a skilled.operate.

Specially designed fixture and holding device are required
which also increase the initial cost.

Electro-chemical Grinding (ECG) |
It is a process in which E;chrelwic Grinding is done with

milling, and polishing, etc. with high accuracy of close Q

e

combination of mechanieal gement of rotating grinding wheel
in presence of Electrolytic solution it involves the used of a metallic
grinding wheel and the process can be used for all standard grinding
like, surface grinding internal and face grinding etc. The specific
use of this process is in grinding suchumaterials which cannot be
other wise easily shaped due to elther r this extreme hardness or
too high tensile strength, for example Cemented carbide, hardened
steels, stainless steel and various steel alloys.

Advantages of ECG

1. It has no direct“contact between tool and workpiece so no
danger of wear and tear of tool.

2. A very neglible heat generates during this process so there
is no danger of distortion of shape of workpiece.

3. Ahighly precise and accurate machining can be achieved by this
process at very high rate irrespective of the hardness of material
which is quick impossible by any other conventional method.

Disadvantages of ECG

1. High initial cost and high power consumption.

2. Machining process is limited upto electrically conductive
materials only.

3. Corrosion action have to be controlled to use electrolyte solution.

Ultrasonic Machining (USM)

In this process slurry of small abrasive particles like aluminium oxide,
boron carbide or dimond dust is forced on the workpiece with the
location of vibrating tool. The vibrating frequency used for the tool is
of the order of over 20,000 oscilation per second. Such a high frequency
which is more than the limit of audible frequency of human ear, makes
the process silent. An electro mechanical transducer is used for
producing this high frequency of vibrations. The slurry is pumped
with the help of suitable pump or manually. The tool is made of relatively
soft metal. The material removal in this process is facilitate by the
abrasive action of each grain which is hammered by the high frequency
oscillating tool into the work material. In this process a high frequency
current flows through transduces which produces a high frequency of
approx. 20-30 kHz which is then passed to thetool via various mechanical
attachment/parts like connecting Rod/Body & tool holders ete: the
shape of cutting tool designed according to the material tolbe removed.

Advantage of (USM)

1. Extremly hard and brittle material can be casily machined
without danger ofany crack etc.

2. Through this precess we can get very fine/accurate surface
machiny without generating any stress at the surface of
workpiece.

3. This process is nmseless economlcal and quite safe for

operators cte:
Dlsadvan ge of
Hytlal cost is nd roductlon rate is very low.

This process do suite for heavy metal cutting.

Higher po ’a)nsumptlon and high tooling cost.
For-mam ning efficient metal removal slurry have to be replaced
perlodlcally and size of activity can be machined is limited.

Abrasive Jet Machining (AJM)

This process is almost simillar to the process sand blasting except
of sand blasting process is a surface finishing process but AJIM
is a:imetal cutting process. In this process stream of fine abrasive
grains mixed with comprission air/gas at high pressure through a
nozzle on to the surface workpiece to be machined. These particles
imping on the workpiece surface at high speed and the erosion
caused by this impact enables the metal cutting. This process is
most suitable for machining workpiece which are impossible to
machined by any other material, for example hard materials, and
alloys. Cutting of materials which are sensitive to heat damage. In
this process fine Grains of abrasive material are stored in a vibrating
chamber (mixing chamber) where a gas or dry air is forced at a
high pressure approx 2 kg/cm? to 8 kg/cm?. in this mixing chamber
this:compressed air and abrasive particles Get mixed togeather,
from-mixing chambers thismixture of air and abrasive grains are
directed to the surface of workpiece through a repulated supply
line having pressure gauge and a control value so that the pressure
supply can be controlled as repuneel. Normally dry air, nitrogen
or carbon dioxide are used of compressed gas and for abrasive
grain particles, aluminium oxide, silicon carbide, dolomite, sodium-
bi-carbonate, and glass beads are used, and tungesten carbide is
mostly used for making nozzles.

Advantage of (AJM)

1. Any hardness and brittleness material can be machined
easily either conductive or non-conductive in nature.

2. Low investment of equipment and tools etc.

3. Thereisno direct contact between tool and workpiece soneglible
wear and tear in tool and long tool life can be achieved.

4. Easy to shape tool.

No- special skilled operator is required.

w
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Disadvantage of (AJM):

1. Not suitable for soft/ductile materials.

2. Poor surface finish with low production rate.

3. Abrasive powder can not be reused and cleaning of
workpiece is necessary as there is a danger of sticking of
abrasive particles with workpiece surface.

Water Jet Machining (WJM)

This process is almost simillar to Abressive Jet machiny process
except air/gas is replaced by water jet and this process can be
used for softs material where air jet machiny process is linked for
brittle and hard materials only. In this process a water jet is made to
imping on the workpiece. This jet pierces, the workpiece and performs
asort of sliting operation. Water, under jet pressure, form a hydraulic
accumulator is passed through a nozzle normally 0.08-0.5 mm dia of
nozzle kept to increase its process. In this process a recent modification
had been made in which some abrasive particles mixed with this water
jet and this process is known as Hydrodynamic Jet machining (HIM)
addition of abrasive Grains in water jet increase its cutting speed/
ability etc. Normally water jet pressure kept between 2100 kg/em? to
3500 kg/cm?. at speed of 920 m/sec.

Advantage:

1. This process can easily used for non-conductive materials.
2 This process can easily used for relatively soft material
either metallic/non metallic.

Dis-advantage of (WJM)
Due to use of water it is necessary to take preventive action after

material had been cut to avoid any destortion dug.to/mois
wet condition of workpiece.

- ,,,-f

Chemical Machining (CHM)

In this process metal is removed from workpiece by action of
chemical action also known as etching. In this process metal can
be machined in any specific portion or whole surface
simultaneously. In partial machining by this process the remaining
portions of workpiece have to covered by any chemically inert
packing so that no contact can be made between chemical and
workpiece where is not required, this packing should be easily
detchable after chemical machiny process. This process may be
classified into following types.

1. Chemical machiny: In this process various machining
operation can be performed like blanking drilling or turning
from all surface simultaneously etc.

2. Chemical Engraving: Chemical engraving is done‘mainly
on the workpiece which are too hard or brittle and verydifficult
to be engraved by any other conventional method. This
process is also used to engraved very this section or complex
sections.

Advantage of CHM

1. Low initial cost of equipments and tooling etc.

2. Complex contourscan be easilymachined and lower tooling lime.

3. Partial lmachining and all surface can be machined
simultaneously:

4.. No- danger of w rdening and crackes etc.

5. Materlal ofany orbriftleness can be machined easily.

isa antage 0 HM)
Runnmg/ a‘:&ﬁ cost is high

Lower p ct10n rate.

f Material thickness is limited that can be machined with this process.

T[4

EXERCISE

lll1

1. A zig—zag cavity in a block of high strength alloy s to be
finish machined. Thisian e carried out by us%\
(@) electric kd%gﬂrg achining e
(b)  electroc ical machining -
(c) laser beam maehining
(d) abrasive flow machining

2. Arrange the processes/inthe ‘nlcreasmg order of their
maximum material removal rates
Electrochemical machinig (ECM)
Ultrasonic machining (USM)
Electron beam machining (EBM)
Laser beam machining (LBM)
Electric discharge machining (EDM)
(a) USM, LBM, EBM, EDM, ECM
(b) EBM, LBM, USM, ECM, EDM
(¢) LBM, EBM, USM, ECM, EDM
(d) LBM, EBM, USM, EDM, ECM

3. In orthogonal turning of a low carbon steel bar of
diameter 150 mm with uncoated carbide tool, the cutting
velocity is 90 m/min. The feed is 0.24 mm/rev and the
depth of cut is 2 mm. The chip thickness obtained is 0.48
mm. If the orthogonal rake angle is zero, and the principal

cutting edge angle is 90° , the shear angle in degrees is
(@) 20.56 (b) 2656
(¢) 30.56 (@) 36.56

4. In electo discharge machining (EDM), If the thermal
conductivity of tool is high and the specific heat of
workpiece is low, then the tool wear rate and the material
removal rate are expected to be, respectively,
(@) high and high (b) low and low
(¢) high and low (d) low and high

5. Inorthogonal turning of medium carbon steel” the specific
machining energy is 2.0 J/mm®. The cutting velocity, feed
and depth of cutare 120m/rev min, 0.2 mm, respectively.
The main cutting force in N is
(a) 40 (b) &0
(c) 400 (d) 800

6. In orthogonal turning of low carbon steel pipe with
principal cutting edge angle of 90°, the main cutting force
is 1000 N and the feed force is 800 N. The shear angle is
20° and orthogonal rake angle is zero. Employing
Merchant’s theory, the ratio of friction force to normal
force acting on the cutting tool is
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(a) 156 (b) 125 15. In abrasive jet machining, as the distance between the
() 0.80 (d) 0.64 nozzle tip and the work surface increases, the material
7. Internal gear cutting operation can be performed by removal rate
(2) milling (a) increases continuously

10.

11.

12.

13.

14.

(b) shaping with rack cutter

(c) shaping with pinion cutter

(d) hobbing

In a single point turning tool, the side rake angle and
orthogonal rake angle are equal. ¢ is the principal cutting
edge angle and its range is 0° < ¢ <90°. The chip flows
in the orthogonal plane. The value of ¢ is closest to
(a) 0° (b) 45°

(c) 60° (d 9%

Friction at the tool-chip interface can be reduced by
(a) decreasing the rake angle

(b) increasing the depth of cut

(¢) decreasing the cutting speed

(d) increasing the cutting speed

Minimum shear strain in orthogonal turning with.a
cutting tool of zero rake angle is

(@ 00 (b) 05

(© 10 d 20

Electrochemical machining is performed to remove material
from an iron surface of 20 mm x 20 mm under the
following conditions

In for electrode gap 0.2mm
Supply voltage DC = 12V
Specific resistance of = 2Q-cm

electrolyte

Atomic weight of iron

Valency of iron =

Faraday’s constant ‘ §65@)€/ mol

The material removal rate (in g/s) is

(@) 0.3471 (b) 3471

(c) 3471 (d) 347.1

For tool A, Taylor’s tool life exponent () is 0.45.and

constant (C) is 90. Similarly for tool B, n = 0:3 and

C = 60. The cutting spee (in m/min) above WI*C}I tool
q

A will have a hlgher aﬂ& e than tool B'is
(c) 807 (d) 1429

(@ 26.7 (b) 425

A single pomt cutting tool with 12° rake angle is used to
machine a steel work piece. The depth of cut, that is,
uncut thickness is 0.81 mm. The chip thickness under
orthogonal machining |conditions1s /1.8 mm. The/sheaf

angle is, approximately, 8
(a) 22° (b) 36°
(c) 56° (d) 76°

Match the following non-traditional machining processes
with the corresponding material removal mechanisms.

List-1 List-II
(Process) (Mechanism)

P.  Chemical machining 1. Erosion

Q. Electro - chemical 2. Corrosive reaction
machining

R Electro discharge 3. lon displacement
machining

S.  Ultrasonic machining 4. Fusion and

vaporization

@ P-2,Q-3,R4,S1
(©) P-3,Q-2,R4,S-1

(b) P-2,Q-4,R-3,S-1
(d) P-2,Q-3,R-1,S-4

16.

17.

N g
55.85 | ‘wf

19.

20.

21.

(b) decrease continuously

(c) decreases, becomes stable and then increases

(d) increases, becomes stable and then decreases
Details pertaining to an orthogonal metal cutting process
are given below

Chip thickness ratio 04
Undeformed thickness = 0.6mm
Rake angle = +10°
Cutting speed 2.5m/s
Mean thickness of primary= 25 pm

shear zone

The shear strain rate in s |

() 0.1781x10° (b) 0.7754x10°

(c) 1.0104x10° (). 4397x10

In a singlepass drilling opération, .a through hole of

15 mm diameter is to be.drilled in asteel plate of 50 mm

thickness. Drill spindle speed 500 rpm, feed is 0.2 mm/rev

and drill'point angleds @ Assuming 2 mm clearance at
ot

appr h and e 1'drill time in seconds is
o5
i) 2

(b) 324
(d 30.1

A steel bar _aovm in diameter is turned at a feed of

0.25 mmyrév-with a depth of cut of 4 mm. The rotational

speed of the workpiece is 160 rpm. The material removal

ratedfPmnt/s is

@ 160 (b) 167.6

(c) 1600 (d) 16755

During the electrochemical machining (ECM) of iron

(atomic weight = 56, valency = 2) at current of 1000 A with

90% current efficiency, the material removal rate was

observed to be 0.26 gm/s. If Titanium (atomic weight = 48,

valency = 3) is machined by the ECM process at the

current 0of 2000 A with 90% current efficiency, the expected

material removal rate in gm/s will be

(a) 011 (b) 023

(¢) 030 (d) 0.2

Two cutting tools are being compared for a machining

operation. The tool life equations are

Carbidetool: VT"9=3000

HSS tool:  VT*®=200

where V is the cutting speed in m/min and T is the tool life

in min. The carbide tool will provide higher tool life if the

cutting speed in m/min exceeds

(a) 15.0 (b) 394

() 493 (d) 60.0

The main cutting force acting on a tool during the turning

(orthogonal cutting) operation of a metal is 400 N. The

turning was performed using 2 mm depth of cut and 0.1 mm/

rev feed rate. The specific cutting pressure (in N/mm?) is

(a) 1000 (b) 2000

(c) 3000 (d) 4000

during the process is
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22,

23.

24.

25.

26.

2 .

28.

29.

30.

Match the Machine Tools (Group A) with the probable
Operations (Group B):

Group A Group B
P:  Centre Lathe | 1 Slotting
Q: Milling 2 Counter-boring
R: Grinding 3 Knurling
S:  Drilling 4 Dressing

(a) P-1,Q-2,R-4,S-3 (b) P-2,Q-1,R-4,S-3

(¢) P-3,Q-1,R-4,S-2 (d) P-3,Q4,R-2,S-1

The following four unconventional machining processes

are available in a shop floor. The most appropriate one to

drill a hole of square cross section of 6 mm x 6 mm and 25

mm deep is

(a) Abrasive Jet Machining

(b) Plasma Arc Machining

(¢) Laser Beam Machining

(d) Electro Discharge Machining

A hole of 20 mm diameter is to be drilled in a steel block of 40

mm thickness. The drilling is performed at rotational speed

0f400 rpm and feed rate of 0.1 mm/rev. Therequired approach

and over run of the drill together is equal to the radius of

drill. The drilling time (in-minute) is

(a) 1.00 (b) 1.25

(¢ 150 @ 175

The process utilizing mainly thermal energy for removing

material is

(a) Ultrasonic Machining

(b) Electrochemical Machining

(c) Abrasive Jet Machining

(d) Laser Beam Machining

Cutting tool is much harder thansthe workpie e tool

wears out during the tool-workififeraction’ because

(@) extra hardness'is‘imparted to the workpiece’due to
coolant used

(b) oxide layers on the workpiece surface-impart extra
hardness to it

(c) extra hardness is imparted-to. the-workpiece due. to
severe rate of strain

(d) . vibration is induced inithe machine tool

Which pair of following statements is correct for orthegonal

cutting using a single-point cutting tool? ﬁ

P. Reductionin riion angle increases cutting force

Q. Reduction'in friction angle decréases eutting force

R Reduction in friction angle increases chip thickness

S.  Reduction in friction angle decreases chip thickness

(a PandR (b) PandS

(¢) QandR S Qand S

The principle of material removal in Electrochemical
machining is

(a) Fick’slaw (b) Faraday’slaws

(¢) Kirchhoff’s laws (d) Ohm’slaw

Better surface finish is obtained with a large rake angle

because

(a) the area of shear plane decreases resulting in the
decrease in shear force and cutting force

(b) the tool becomes thinner and the cutting force is
reduced

(¢) lessheat is accumulated in the cutting zone

(d) the friction between the chip and the tool is less

Continous chips are formed while machining of

(a) castiron (b) mild steel

(c) aluminium (d) None of these

32.

33.

34.

35.
36.

37.

O

"‘

39.

40.

41.
42,

43.

44.

45.

46.

For brittle materials like brass, the rake angle provided is

(a) positive (b) negative

(c) zero (d) None of these

Velocity of tool along the tool face is called

(a) Chip velocity (b) Cutting velocity

(c) Shear velocity (d) None of these

The metal in machining operation is removed by

(a) distortion of metal

(b) shearing the metal across a zone

(¢) tearing chips

(d) cutting the metal across a zone

Tool signature

(a) description of tool shape

(b) the plane of tool

(c) design and description of various angles provide on
tool

(d) brand/modle none of tool

Tool signature comprised of

(a) property of tool (b) speed ofeutting tool

(c) 7-various elements (d) 6-elements

The binding material used in cemented.carbide tool is

(a) Nickel (b) Cobalt

(¢) Chromium *d),» Tonic bonding

Mainfunction of cutting fluid is to
(a)  impreve sur ish
(b) provide lubricatio

+ cool thﬁ nd workpiece
(d) "None'of'these g
Reliefan gleq&h speed tools generally vary in the range
() 058 (b) 5°-10°
(c) 10°-20° (d) 20°to30°
Cutting tools used on milling machining machine is
(a) .Single point (b) Double point
(c) » Multi point (d) Any of above
The cutting edge of the tool is perpendicular to the direction
of tool travel in
(a) oblique cutting (b) orthogonal cutting
(c) both (a) and (b) (d) None of these
With increase of cutting speed, the built up edge made
(@) largerinsize (b). . smaller
(c) remainssame (d)  None of these
The front rake angle to machine brass by H.S.S. tool is

(@ o° (b) 10°

() % d 20°

Which of the following tool material has highest cutting
speed?

@) rESySs (b) Carbon steel

(c).. Tool 'steel (d) Carbide tools

In equation VI"= C, value of n depends on

(a) Material of workpiece (b) Material of tool

(¢) Cutting position (d) All of these

The relationship between tool life (T) and cutting speed (V)
m/min is given as

Vll
(a) Vi TfC (b) T —C
\'%
©) T_“: (d VvI"=C

In the relation for cutting tool life VT"= C, the numerical
value n for high speed steel tool vary in range

(@ 0-0.1 (b) 0.1-0.15

(¢) 02-0.25 (d 025-05
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47. Chips are broken effectively due to which of the following (2) Radial force
property (b) Longitudinal force
(a) Elasticity (b) Toughness (¢) Tangential force
(¢) Work hardening (d) Stress produced (d) Force along shear plane

48. With high speed steel tools, the maximum safe operating 50. Flank wear occurs mainly on the
temperature is in order of (@) Cutting tip
(a) below200°C (b) above300°C (b) Frontrelief face and side relief face of the cutting tool
(c) 200°C (d) None of these (c) Corner ofrakeangle

49. In a cutting operation, the largest force is (d) None of these

ANSWER KEY

1 (b) 11 (a) 21 (b) 31 (c) 41 (b)
2 (c) 12 (a) 22 (c) 32 (a) 42 (a)
3 (b) 13 (b) 23 (d) 33 (b) 43 (d)
4 (a) 14 (a) 24 (b) 34 (c) 44 (a)
5 (a) 15 (d) 25 (d) 35 (c) 45 (d)
6 (b) 16 (c) 26 () 36 (b) 46 (b)
7 (c) 17 (a) 27 (d) 37 (c) 47 (c)
8 (a) 18 (d) 28 (b) 38 (d) 48 (c)
9 (d) 19 (c) 29 (@) 39 (c) 49 (b)
10 (d) 20 (b) 30 (b) 40 0. (b)

=mmms  HINTS & EXPLANATIONS "'1

3. M
5. (a
10. @
11. (@)
12. (@)
13. M)
16. (c)
17. (@)
18. @

Hint: Considering the following,

L

te (chip thickness) = T
C

t = uncut chip thickne
L = Length of uncut
7Ccosa.

ip i’

tang = ———
I-rsina

Hint: Use the following,

MRR (Material Removed Rate) =nd__ . ¢

- .o avg f
Shear strain in orthogonal\cutting in Vglven by,

r—cot¢+tan(¢ OL
&nby,

MRR in Electro (hq-’nlcal machining in

MRR {—i

V'

S
A

) Sl

m=/Zit
m_Zi_Ei ( z- E]
MRR= " oF v
. At.wt.
MRR xEi E=
valency
(MRR); _ Ejj
= T = B
(MRR),  Esi,
026 | 28%1000%0.9
= (MRR), © 16x2000%0.9

- (MRR),=0.297 ~ 030 gm/s
V,=V

where, m/t = man removed /tilme 20. () , for optimum conditions
I = current passed 3000 200
F = Fallaray’s constant- = - e e 1] = T = T
Use Tool life equation - 2% g | T
= T=1.5
7 cos ol )
Use, shear angle : (tan ¢) = — V(15)16=3000 for carbide
. I=rsino 21. (b) Specific cutting force (pressure (k)

Use following, formula, 7

7 Ccos ol =—
(Sheas,angle) tan = 7= — hobo

cutting force
V.cosa " de
: _ e pth of cut x feed rate

Strain rats (V) cos (90— o), 400
Use the following formula, %01
Drill time () = L/fN _ 2000' N/mm2
where, L=1+a 24. () Usethe following formulas:

where, [/ = thickness of job
a = approach of drill = 0.30
D = diameter of drill
MRR = tDNdf

ength

L
Drill time (¢) = , where, f),= Rotational speed x

feed rate




CHAPTER

METROLOGY

It may be defined as a science which deals with various aspects
like design, manufacturing, testing, and application of various
measuring instruments, devices and techniques. Metrology
facilitates the correct application of scientific principles to the
accurate dimensional control of manufactural components.
Metrology is not associated with the actual gauging process but
is more closely connected with the design, manufacture and testing
of various measuring instruments-and gauges.

Some Important Terms. Related with Metrology

1. Measurement: Measurement is a process of comparing
method of any numerical value of dimension with pre-
calibrated instrument/devices or we may say in this method
numerical value of dimensions is observed by direet
comparing with the workpiece with standard instriment/
tools.

2. Precision: This term is used to define how accur
direct measured dimension is vg{ake single‘@ oup of
identical dimensions thﬁ‘cogﬁrnksfhe accuracy of
dimension taken by single measurement.

3. Accuracy: Accuracy may be defined as the degree of
closeness of the measured value of certain dimension with
the true value. The difference between these two values is
known as the error of measurement.

4. Sensitivity: It may be defined as theleast count of the-‘measured
quantity by an instrument. We can say how close dimension can
be measured by a instrument is known as its sensitivity.

Basic Method of Measurement:

1. Direct measurement method: In this method the measuring
devices directly measure dimensions without any other help.
For example steel scale, Vernier Caliper etc..These are
employed directly to measure ‘any dimensions. These are
calibrated in mm and inches.as per requirement by virtue of
which we can observe the'dimensions.

2. Indirect measurement method: In this method devices are
not used for direct'measurement or we may say these are
helping devices used in measuring with any other direct
measuring devices by indirect measuring method. For
example measuring by divides and callipers requires steel
scale.

System of Measurement: There are two mainly adopted measuring

system as given below.

(i) Metric system: This system was first originated in France
and is now in international use and known as metric system.
The units in this system are mm, cm, meter, and kilometer
etc.

Joser B

METROLOGY AND
INSPECTION

(i) English system: This standard was-invented by British in
which inches, yard, miles are units used, it is also known as
British standard and maintained by board of trade in United
Kingdom.

(i) Limit system: As the name ressembles thatlimit is the
boundary line of variation it can be accepted to the actual
dimensions which are required to make or we can say that it
is-asystem in which the permissible variation in dimensional
deviation is.ccomputed.in a set. Theimportant terms used in
limit system ate listed below:

1. Nominal size: Nominal size may be defined as the basic
size of anyswork-picce, this size is used as base
~ dimension tolerances and allowance are

added. F ﬂr designing.

dimensi teved by any matching/production

proegssagainst the nominal size.

Basic size: It is the theoretical size which is common

to both the parts of a mating part, usually a hole and a

shaft limits of size of each of these parts are derived

from this size by assigning the predetermined

allowances and tolerance to it for obtaining the desired

fit for particular application.

4. Designsize: There size are mentioned on drawing to
make any object containing permissible limits of
allowance, and tolerance etc.

TOLERANCE

The permissible variation in size or dimension is tolerance. Thus,
the word tolerance indicates that a worker is not expected to
produce the part of exact size, but definite a small size error is
permitted. The difference between the upper limit and the lower
limit of a dimension represents the margin for variation is called
tolerance zone:

: ‘} " Actual ‘size: Actual size may be defined as the

UNILATERAL TOLERANCE

In this system, the dimension of a part is allowed to vary only on
one side of the basic size, i.e. tolerance lies wholly on one side of
the basic size either above or below it.

Unilateral system is preferred in interchangeable manufacture,
especially when precision fits are required, because it is easy and
simple to determine deviations,

Another advantage of this system is that Gauge ends can be
standardized as the holes of different tolerance grades have the
same lower limit and all the shafts have same upper limit, and this
form of tolerance greatly assists the operator, when machining of
mating parts. The operator machines to the upper limit of shaft
(lower limit for hole) knowing fully well that he still has some
margin left for machining before the parts are rejected.
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Bilateral Tolerance

In this system, the dimension of the part is allowed to vary on
both the sides of the basic size, i.e. the limits of tolerance lie on
either side of the basic size, but may not be necessarily equally
dispose about it. In this system, it is not possible to retain the
same fit when tolerance is varied and the basic size of one or both
of the mating parts are to be varied. This system is used in mass
production when machine setting is done for the basic size.
CLEARANCE:

Clearance may be defined as the difference given in the shaft size
against the mating bore size as shown in the figure if the size
difference is given in negative side or we may say the reduction
of size of shaft is known as clearance. Do not get confused about
clearance and tolerance because clearance is basically designed
for mating components dimensions where tolerance is the limit of
error in dimensional permissible due to error in workmanship.

\ Tolelrance
_i_clearence ) _ﬁ
Bore Bore
size
Shaft size ' Shaft
A

N

Fig. Clearance
INTERFERENCE
It is just opposite to the clearance because of its additiof
of shaft to given size, as shown in the ei.c. am which
the actual size of a shaft is large‘anihe a finished size of
the mating hole is known as interference.
ALLOWANCE
Allowance may be defined as the difference between the lower
limit of size for the hole and the higher limit of size for a shaft. In
other words, we can say that it is the algebraic difference between
the design size of a hole and the,design size of mating shafi.
Allowance can be positive or e‘gettive as per requiremﬁ\
FITS ‘] P
Fits may be deﬁnedﬁle ‘tio between two mating parts with
respect to the degree of clearance or interference appearing on
the assembly fits may be classified as follows.
Clearance Fit GG
I