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(a) Sutics, and (5 Dynamics
The Starics is that branch of Engineeri Mechanics witich deais with the forces and their

- el v effects, while acting upon the bodics at rest

- mt&_dmiﬁl

deals with the bodics in motion without
Mh“-mhh* :

u-—-m.--um

or tends w produce, destroy or tends (o destroy
A force while acting on a body may

et of s fece i om Sy, e st Ko he llowing
i'in. A g So———y . <.-‘.
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< gram law of forces. It states iftwo forces, acting simultaneously N 3 particle

. ’-‘n'm'” and d by Wwo adjacent sides of 3 parallelogram, then ;n(,;
i . and di by the d lofa parallelogram which

passes through na;pnhu of intersection.
For example, let us consider lwnlunurmsqnin;n angle 8 at point O as shown

The resultant is given by,
n-Jr’oa‘»zram-a e

If the resultant (R) makes anangle @ with the force P, then

inFig 1)

Qsin®
BR& = B Qcost 0 P
Fig 11
2 Triamgle low of forces. kmudmiflwnlwnu.xﬁuslmu!umlym.m.r.u, '™

P n and dire byﬂul‘oliduoflmgkhlmmmmm“mm
hant may be d in magnitude and directi by!hﬂhndndeo(them.nmm,,.m
opposite order. —

i Pd’-hvdﬁmu.lls&uﬁlifammhern!‘ﬁ:m.mm;umulumu,.m.
particle, be rep dm gni and directi byn‘t:ufl_mmmmwdu.mm"
resultant is rep m itude and di by the closing side of the polygon taken n
opposite order.

Notes : L mlﬂ-dmﬂ-mmhmmhhuuhmhmmmmu
‘horizontally and vernically I such cases. resultant of the forces is given by
R = J@EH) +@v)
IH = Sumof pants in the hori
LV = Sum of resolved parts in the vertical direction.
If the resuitant (R) makes an angle a with the horizontal, then
wox= EVIZH

resultant of 2 number of forces, acting on a particle, is zero then the pascle will be 0
ﬂh:smudhm:mmnmmhunumu-mamvm,nﬂ
brings the set of forces in equalibriur 5 called an equilibriant. It is equal o the resuliant force in magniiude

- i Iv=0
3. A number of forces acting on a particle will be in equilibrium when IH = 0 and
14 System of Forces
When two or more than two forces act on a body, they are said to form a system of forces
L '%ﬁ'ﬁm-mqgwmmmmﬂmmm““
coplaner forces. .t s

. concurreat forces.
meet at one point, arc known as ;
2 Concurrent forces. The forces, which and their lines of a<tiod
forces.

dwecuon. and

3
- - ‘
dni:- same plane. R e do not meet at one point but the

& £ the same plane, are known as coplaner non-concurrent forces. :

i
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X Nuu-rop(nunnmrwrrw,’,r-a- The f

rees. which meet &t ame poiat by
action do not lie on the same plane are kncran

3 nos-coplaner concurrent forces.

& Non- coplaner non-concurrens Jorces. The forces, which do not meet at one powt and
their lines of actions do not lie on the same phane are calied non-coplaner RON-CONCuTTeN forces
1S Lami's Theorem

It states that if three coplancr forces acting 2z & pomt be in \
equilibrium, then each force is proportional 1o e sine

fmes of

{ e angle
between the other two forces. Mathematically
P o2l = B
Sine.  wnd  siny

where P, Q and R are the theee forces and a,3 and y ape the angies as
shown in Fig 1.2,

L&  Momentof a Foree

Fg 12

It s the wrning effect produced by a force, on the body. om whach £ scss. The moment of a force
8 equal to the product of the force and the perpendicular distance of the point, about which the
moment is required and the linc of acgor®F the force Mathematically, the moment of a force P about
point O as shown in Fig 1.3,

=Pxl
Th-lufmnudewldsupmhumulmw
perpendicular distance Iflhefmeummmmdthepa
pencicular distance in metres. then the unit of moment wiil be
mewioa-mewe (bnefly written as N-m).

L2 hihhqhdhh—m(uh-dbﬁ-um
Iﬁnﬁuallmhormpllm forces acting on 3 particle are i equilibrium, then the

Agedraic sum of their -Muanypmmmnunm&moimurmmfuum

the same point.

18 Parullel Forces

Nh-.ﬁo-hnudm“puiklb-tu‘u.nﬂnhmudﬁwml&
mnmhMMmmmMMnm-ﬂmMu‘huhﬂ
forees act in opposite directions, then these are known as weiske porallel forces.

19 Couple

g 1)

The two equal and opposite forces, whose lines of acts
inFig. 1.4, wi ’
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110  Centre of Gravity

= A=
b 24NN\,

Fg s Fig. 16 Fig 17
L Thmdpv‘uydnmifommdismnmiddlepoim.
2 mﬂdpiq(cadnmme(orpmndmn)liuuupvbnhmmdupwh
intersect, 2s shown in Fig 1.5,
- 'l'hm:d.niy{moﬂuimﬂ:li_snnpuimwhuuhelhrwnndmnmum.nlk
imersect, as shown in Fig. 1.6,
N‘:A-ﬁaahjﬁ&mwhmmdeﬂt.

T ‘—“T
‘,“—l

Fig. 1.10
4 The centre of gravity of a semi-circle lies at a distance of 4r/ 3 » from its base measured
along the vertical radsus, as shown in Fig. 1.7. ?
5. The centre of gravity of a hemisphere lics at a di of 3r/ 8 from its base, measus:
along the vertical radius, as shown in Fig. 1.8, .
6 The ceatre of gravity of a trapezium with parallel sides a and b, lies al a distance
%[?::Jmhuu-mumm
7. The centre of gravity of a right circular solid cone lics at a distance of h / 4 from i3 basc.
dalong. ical shown in Fig. 1.10.
1.11  Moment of Inertia B .
£ uqhu::mmm“m SN
.ﬂm
Consider a body of total mass m. Let it is composed
of masses m,, my. my ......e4. m,,b,g,._....-uulg:nﬂ-
lane. as shown in Fig. 1.11. then mass moment of int

ENGINEERING MECHANICS
Lo o mhf + my G 4
= mk?
I!’.imlndufﬂuuu\:nucfmeﬁmum.mmmmmmhmuai
the area is given by
Tua P+ a,tp+ a6+ .
where ks called the radiuy of gyration. It is defined a3 she distance from o given reference where the
Mmarnnaofzh-bodthwnodwbc:a-raumndwn—wmwupﬂ
InSL mm.thaunuu{mmmuluuﬁ.uu-u‘mhmdmmualm;m
Is expressed in m* or mm*.

H'm-mwﬁnadmhbodynbmumm:;\unng duongh its ceaze of gravity (e Ig)is
known, then the moment of inertia about any other parallel axis (ie Iy) maxy be cbuained by using
parsilel wu theorem.

mnwﬂwuhﬂm.memdmm-mﬁuu.

b=l + mi? {camsudenng mas of the body)
= Iy + ah? {camuderng wea of the body)
whers h = Distance between two paraile! axes.

'ﬂlbﬁw‘thvlhnoﬂhl'-vhau
L m“dm‘unma‘d“-mnﬂunmﬁmmumw
hﬂi”ﬁmuhmdh&u
lg = mPI2 = 05mA
o " S
o= mAl4 = 025 me
2 h—ﬂdu-ﬁ-ollm‘nmddu-auh'uh--n-mm
l-d”-npu-ﬁuuninhnu
Iog= mP/12
d-d“h:m;ﬂ-m—#&n
b= mPi13

i m--dmdammhh-.' wudth & and d a8 shown in
Fig. L12, s givenby -




- mmdmdmilw-”“'“

-

A=
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S The momentof inertia of a circular section of diameter D as shown in Fig. 114,15 given by

=D
o e

b ¢
/////,,,
4 X
”///
Y
-]
Fig. L4 Fig. 1.15

&  The momentof incrtia of a hollow circular section of outer diameter D and inner diameter 4
as shown in Fig. 1.15, s givea by
L3 4 4
bx = o = 2 [0 -d']

7. The moment of inertia of a triangular section of height A, about an axis passing through s
mu}mcd—ﬂumhmnc.sdmmhﬁp 1.16, is given by

L [7

and moment of merua about the base BC, -

A

1. = bR l »
i ¢
112 Friction Fig 116
Amﬁhthwhmthhaﬂdhﬂ#ﬁﬂ“’“
simply friction. it is of the following two types :
L. Static friction ; and 2. Dynamic friction. -
friction, expericnced , when at rest, is known as static frictian.
. :.’:;’:- i Gon 3s called o 'ﬁ.“m_hulho:l“
The friction experienced
kinetic friction. 1t is of the following two types:

(a) Shiding friction:and (6} Rolling friction.
The friction, experienced by  body, when it slides over another

The frction experienced by  body, when balls or ollers are interposed betwee 4 ™
surfaces, is known as rolling friction.
113 Limiting Friction pegins 0He
maximum value of fricional force, which comes inio play, when a body Just
m::meuu-mwﬂum
114 Laws of Static Friction
Following are the laws of static friction:

body, is keown 38 sn8

ml;ndv"‘"»

-~ www.Engineeyj
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2 The magnitude of force of friction is cxactly equal 1o the force, which teads the r-.n, ©
move.
3. The magnitude of the limiting friction bears a comstant ratio 1o the normal reacnion hetween

the two surfaces.
4 The force of friction is independent of the area of ¢
5. The force of friction depends upon the m
1.15 Laws of Dynamic or Kinetic Friction
Following are the laws of dynamic or kinetic friction

1 between

the two surfaces

ughness of the surfaces

I The force of friction always acts in a direction, opposse 1
move

®at m which the body tends o

2 The magnitude of the kinetic fnction bears 3 constant rano 1o the aormal reaction between
the two surfaces

1 Fer moderate speeds, the force of friction remains comstant Bat 2 decreases shightly with
the increase of speed.
1.16  Coefficient of Friction

It is defined as the ratio of limiting frctuon (F) 10 the normal reacton (R, between the two
todies. [t is generally denoted by . Mathematically,

F
Coefficient of friction, # = 2=
'~

L17  Limiting Angle of Friction

Itis defined as the angle which the resultant reaction (R) makes wath the sormal reaction (R,,)

Consader a body A of weight W resting on a honzontai plane 5 as a_F
shown inFig 1.17 If ahorizontal force P is applied to the bedy. ne relatve
wmmmmwmmpummmm of fnction
¥, f motion. The of thes force of
icionin ¥ = B W o= p R where R is the normal reaction.

hﬂhum. case, when the body just begins (o move. « s in
Squalibrium under ihe acuon of the following three forces -

L Weight of the body (W),

2 Applied horizontal force (P), and

1 lﬂ-mhmhhmndthl

The reaction R must, therefore. be equal and opposite 1o the resultant of W and # and will be
mwsb*mmmgm-m*mu

Pk
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pk he angle of inclination ( a ) of the plane is equal 1 the angle

of fewmon (9 ). From Fig. 1.18, we find that
Wsinag = Fep Ry =#. Weosa

o tan x k=tan @

Fig 118
1.19 Minbmum Force Reguired to Stide a Body on a Rough Horizontal Plane :

Lzt abody A of wegght W' is resting on a rough horizontal plane 8, as shown inFig. 1.19 [ o
efffort P is applicd at an angle & to the honzontal, such that the body just begins to move Froy
Fig. 1.19, we find that

Poos® = F = p R, = p(W = Psinf)

= wnd(W — Psind) (% p = 6nd
_ sm@(W - Psinb)

cos @ »

PcosBoose+ PsinBsing = Wsing .
Wst-R'
e =
cos (6 —-4)

For P 1o be minimum, ¢0s (8 - ¢ ) should be maximum, i.e.
cos(@-0)=1 or B8-¢=0 or w©=9
In other wosds, the effort £ is minimum when its inclination (8) with the horizontal 15 equal 1o |
angle of frction (9}
P = Wsin0

120 Effort Required to Move the Body Up an Iclined Plane

The effort (P) required 1o move the body up an inclined planc as shown in Fig 1.20, is given by

Wsin (x +¢)
sin[6 - (a +9)]

e W = Weight of the body,

a = Angle of inclination of the plane
with the horizontal,

# = Angle which the line of action of

Nodes : 1. When friction is neglected, then ¢ = 0, In that case,
‘ Wsmna

k= o

B

ENGINEERING MECHANICS

1. When effort P is applied horizontaih

3.

121 Effort Required to Move the Body Down an Inclined Plane

The effort (P) required o Move the body down an inclined piane 1= shown in Fia. | 3
by S

Notes: 1. When friction is neglecied, then & = 0. s

W s (x
sin ]

L. When cffort is applied horizoneally, then 6 = 907 I thas case

Wiin (2 - @

P= — = Wunia - @
cos (2 - ¢
L When cffort is applicd paralle! o the plane. then 8 = 907 - 2 In St case
. _ Wsin(z -4
Pa - = = ¥ (sine - 5
o

LI2 Efficency of an Inclined Plane
It s defined as the ratio of the effort required neglecting fry
Conudenag fncbon (Le P) Nalhemallully‘ efficiency of an inclised pi

n=pAip

te P) w the effort required

L2} Servw Jack

l’hmw.mwluchnmwjukwurksumhbﬁd.m;’!mIl complete
mdnm*:duimulnedmbcunmnd.ﬁomhkﬂ-ﬁm o
¥ © screw jack and dew , it
nﬂh—anumowanlplll = o i

ﬁmhmyumuﬁue.
tan a -_p_
e 4{
where @ = Helix angle, =7
£ = Pitch of theead, and Fg 122

d = Mean diameter of the screw.
In a screw jack, the effort (P) d circumfec of " as d for
inclined plane, i.¢. i

Fornisingthe load, P = Wun(a + 0)
and for loweringthe load, P = Wun(s ~9)
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Notes: 1. When friction is neglecied, then ¢ = 0. In that case
~ £, = Wuana
2. The efficiency of a screw jack is given by

R Wone _ _ Gns
TP T Wane+9) oun+9)
Lﬁmdlmﬁimmlﬂum&
a=48"-972
and the maxsmum efficency © grven by
_I—ﬁIO
e Ty
1.24 Lifting Machine :
. Ttisa device, which cnables us 1o 1ift a heavy load W, by a comparatively small effort P The
L wsad in lifung machines :
L Mechamical advansc -« (M.A.). 1tis the ratio of load lifted (W) 10 the effort appled (P
2 Velocity matio (VR ). 1. is the ratio bf the distance moved by the effort (1) 10 the distance
moved by the load (=)
3 Inputof the mackine Itis the r
and the distance through which it moves (te. P x y}.
4 O f the machine. It is the workdone by the machine [t is equal to the product of load
lified and the distance through which it has been lifted (i.e. W x).
¢ s i B tput to the input of T iy,

thy hine. It is equal 1o the product of effort

Oupst _ Workdone by the machine _ Wxx _ W 1 MA
~ Werkdone on the machine  Pxy iy VA

ENGINEERING MECHANICS 1"
10 M il et The e 4
machine is given by

Max. MA = |/m
« L Hmrﬁrﬂmqﬂzwumdﬁ:myuhhm-smh,
e 2
mx VR
125 Systems of Pulleys
mm:-u'ulru:ymnnufpnlk”nmn—-ﬁ-d
b First system of pulleys. For such 3 system. velocity ratio. (VR ) = 2*
where n = Number of pulleys
2 Second sysiem of pulleys. For this system, velocity ratio, (VR ) = =
X Phind sysveon of pulleys For such a system, velocity ratio, (VR ) = 2* - |
1.26 Frame
A frame may be defined as 3 structure. made up of several bars, rvesed or welded together
These are made up of angle rons o hannel sections and are called members of the frame or frimed
The frames may be classifi ihe follo
L Perfect frame, and 2. lmperfect frame.
A perfect frame o that which is cumposed of members jusi suffacent w0 keep i 1n equiibnum,
“**qhnh*-ﬁwﬁl_“—dghmmm
ExpgrCamOn:

L oups

n=2;-3
b a = Number of members, and
J = Numberof joints.

fre dhich doaz
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i v = u + al 2 ] f ke x
equal in magnuude bt oppos &
4 (a4 v he & b .
\ v =a + 2as.and 4 y
» o
where & = Iminal veloeuty
v = Fmal velocity ¥ 3 ]
resultant force (P) acung tody wh
a = Aceeleraton. and ; ) . ’
Body (me) and the linear acceleration (a) of the
s = Dusplacement of the body in time 7 seconds second law of motion,
Notes: 1. The above equanons apply for umform acceleraton Ps r Pew
2 In case of vervcal monon, the body 15 subjected 1o gravity. Thus the accelerat ! 11 Alembert's principl
principle
showld be substituted @ piace of o, m the above equations. A reversed cffective force or iner 5.
3. The vakee of g s taken as « 9.51 m /57 for downward motion. and — 9 81 m /4" for -
? ' 133 Motion of a Lin
4. When a body falls from aheight k. its velocity v with which it will bt the groun 3
Comsader 3 it elevator A%, » el

ve Jigh Let
131 Newton's Laws of Motion
Followang are the Newton's three laws of motion

a Umiformr ac el
R = Resetwo 1 of the lift or tens« n t $A
+ able s pporting the lift in ne |

L Newtons first law of motion. It states that evervbody comtimaes in 1 e N
uniform motion, in & siraight-line, unless i is acted upon by some exrernal iorc s When e bft 1s moving upwan ds as s hown in Fig 1. 24¢ sua |

2 Newtom'’s second law of motion. It states that the rate of change of momenium i R-mg=nu or Remgsma=mig »a p’
propotional to the impressed force, and takes place in the same directzon hich the force Wihken the it s moving dowmvards as shown in Fig | 24 ’ 2y

1 Newton's third law of motion. It states thal 1o every action. there i+ alwa g mg-R=na or Ramg-ma=s tmg ¥m
opposue reacnon L35 .\luh-df‘-.&dhl'nnm\rdbrlhlnng Fg 1 24

Bt e vensible stiing passing uver asm wimFig 125, 50 tha

1.32  Mass, Weight and Momentum : Conater

The mass is 3 maner ¢ dinabody Itisexp in kilogram (kg :“‘“;r" N the strings 13 sarne. Lot mass m, 1s grea
b " 3 - ¢ ad wring s sextensidle. the upw ird acceleration of maoss s, wil he
- s e of the carth It = .
The weight of a body is a force by which it is attracted towards the centre of the « Sl b the domaward acceleration of mass m,. This acceleras pven b
expressed in newtons (N). The relation between the mass and weight of a body s given by 1 5 SCOCRmEon ». g by

W=mg L e e
X LR I
The momentum -deﬁmduﬂn:mnlmmpomiedby-hndv Mathematically B i N /
Momentum = Mass x Velocity - 2"‘!""!*'

According to Newton's second law of motion, the applicd force or impressed force (F) 5 iy i, + . y i e

direetly propotional to raie of change of momentum. Thus . Fig 125

" Lnumcmmﬁihw.ngmdmdmh‘:;m-uﬂbynﬁq

Pm{ J B Rt ot o kmae 1 First of all, let us consider the motion of two bodies comnccted r
t by an nmmudmihhﬁ.w-ﬁ*-

where & is a constant of proportionality. . -

For the sake of Sonvenience. the unit of fotce adopied i such tha it produces uni sc=c* _ Winex o ension (7)n btk he siings wilbe . The accekes- '
(e 1 m/s%) 10 a body'of unit mass (Le. | kg). R oAk ety

* P =ma = Mass x Accelration

In 5.1 system of units, the unit of force is newton (briefly written as N). A
defined 25 the furce. while acting upon a body of mass | kg, produees an acceleration
direction of which it acts. Thus

i iy B¢ .--M-“'
:e“ 75¥inthe o iy
» Fig 126
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eard
and T-u,.l-:—."—‘!-N Consider a point P as the position of panicic afer e 1 seconds with s
o bt and y as co-ordinaies, as shown in Fig | 30 -

2 I mstead of smooth plane. it is a rovigh horizontal | lane, as shown in Fig 127, they Theequnmofmmot-wmuumamu

M.wnu-',.lll‘nz,’.'iimiIhwnﬂlmliﬂnlolh:ml.nnnrm_,“m given by
3

where i 15 the coefficient of friction. Insuchacas e, A, .
WA, r y=rxtan %~ :':- - L
=m0 : Incosm Fig. 130
-yt L) o r Siuﬂﬁhlheﬂuhcaohpwﬂﬂ;tq&:hr‘mh a progecuile is & pacabola.
; Thi:lb-‘-;uelkimponmeqmuwugdmm
Z o= Nemesen o | ¢I I The time of flight (1) of a projectile v & horzonrat plane is grven by
ey my
g S Fig 1 7 2usinz
31 When the plane is a smooth inclined planiz, as shown in Fig. 128, then L e

o= SA-msing g 2 The horizontal range (R) of a projectile i given by

- my g o Miinla
]
my.my g (l+sina) T R e >
and AR T - n::l; e Foragr 'y of profectile. the rzage wiki whemsmla=loras45°
g . e 1 The height () of a projectiie on a b P prenby
Fig 123 + sinle

| 4 Whenibeplanciss rough shown in Fig. 129, hen . L




138 \agular Displacement

X " lw.mhmmmlnuhmmmmp«nunmcs
T *Ithmmﬂﬂmmmhmnnvecmrquml e

ity
In order ta completely represent an angular displacement by a vector, it must f;
conditions -

x the folluwm'

MECHANICAL ENGINEER g

three
L Diwrection of the wis of rotanoa,
2 Magminude of angular displacement. and
i &unww.
139 Angular Velocity
)ihmdhd.‘-lnd-.!ﬂmmohwy. Itis usunlly expressed 1 revolutions
: second (rad/'s) Iisdencied by a Greek letter () (omega) Since it hyy
Shecsion. s

g hkakurqnlgnl_i &
Iliﬁh“lﬂtmlhea@ﬂlﬁyﬁdumﬂn velocity,
- = %’- nd /s ’
Note: ,*M d /s al mpﬂﬂm:.—mh—-nm,r....,.."e:
.:. vyE@r

140 Aq.rl—l-nn i

iozity. Itis usually expr

angular inrad / 57 and \s dencted by
also a vect 2

"

’W.—m-munwﬂ
R

15
-.”_.,',.un¢

- anglar velox vy @ rad / 3, 85 shown 1o Fig 132 Let P be any posies

e

ENGINEERING MECHANICS w
body from s mean posnon. n Fig. 1.32
aheays oqua 10 the 1 advas of ths circie

mpice revolutn s of he Perucle M.

L Amplitude 1tis the o aximm displacement of 3
OXand OX'is the amphitade of rarticle # The amplitude ry

2 Periodic tme ltis the time wien far one ¢ athemat,

2-

Periodic time. 1, = == seconds

3 Froquency. It 15 the number o

f cycles per second sad wo e reCapeocs
Mautsinatically

O s perwo )

Frequency n = kg H:
L

Note: I $ 1 unus, the unit of frequency i henz \boctly writter: as M i 3

(¥ 3 &o;—m«mmmmwmwn-—-um.
Conssler 3 partic le. moving round the circumferance of 3 crcle of radis r. with 3 umif orm

ol - ome cyele per weoo wd

5" e partcte after 1 3eq nds
“and @ be the angle turmed oy the particle in £ seconds. We know s

B=er, and B 7 eoft = 7 o al

The vek <ty of N (winch s the projection of P on X X) w5 the cour poment of the velooit sof P
paraltel o X,

Vo TH N D = s unh
P

The v alucity inaximam, when 120, i ¢ when N pisses theough O ( Le mean positi sa)
a h =gr
~ The s cusieratn

e " .
cemire 0

- eumive AP o J L)

P € # paralicl 0 XX and ie. directed

Ay =o' rconh = Wt g
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Nates : 4. The monon of one extremity o the ather (ie from B o Cor Cro ) 15 know
. ot ywing Thus ane beat = and periodic time for one beat, ™ 3% bear

nenfE

2 A penduhum, which exccutes one beat per second ( £ e. one com plete oscillation in (wo soc
known a3 secondy pevichelem. ond)is

144  Clasely Coilid Helica! Spring
Consider a chasely coibad helical spring whose one end is fixed ind the ———
o1 her end carries alond W= w2, as shown in Fig. 1.34. Let AA be the equlibriuin
position of the spring after the load is attached. If the spring is streched upto
25" and then neleased. the koad will move up and down with simple harinonic | L.

mo ton.
For aciosely coiled helical spring, periodic time, B “".

.ShJE-TIJEu:wd { n-"]
- 3 F 'y

and fr equency of cscillanon,

I - R )

e R ™

‘where 5 = Stiffness of the spring. and

e &= Deflection of the spring.

. 3
M e o i m sl ke i comsideraion, he gy of b
: >

ENGINEERING MECHANICS 19
£ the ¥+ ¥’
A

1. The penodic time of compund pradulum s mmmues when s Sistcs between (he posst of
suspenson and the centre of gravity (ie 4) 15 equal 16 the radies of gyranon of B bhady 3wt 1t centre of

gty (e ko)
Min imum periodic ime of 3 compound pesdulum.

o tmem ‘Z‘JE
g

1.46 Centre of Percussion
Sometimes, the centre of oscillazion is termed s contre of percas siom. It s defined as that point
a1 which 2 blow may be struck on a suspended body 50 that the reacscm 2t | he
suppor! is zem. It may be noted that
I The centre of percussion (C) is below the centre of gravay (G, s
shown in Fig. | %6, and xt a distance of !

P
A
Fig 136

1 The dstance between the centre of suspension (0) aad & e contn dmlnu
‘equal u ) the squevalent length of simple pendulum, ( ¢
L=ilsh

(0) and the centre of p €0} are wwer-ch,

A The of susp
147 fersiaal Peodulum
“.u.“ﬁ-—dndnqw*mnhlkw

gty theoe h-..hnﬁma.:

-
o o




known as cemmtagal force, - vbose ma

149 Superclevation

1 path. then is outer

vhas Tand on a curve

¢ vehicte i equilibrium wh

wion In ¢

the road. The gencral pract

binclination (also ca

road surface. such tha

where = Velocity of the vehicle, and
r = Radius of circular path

In case cral practice to define the super

bways, the

rence of s bet ween the two

G = Gauge of the track

s mow ag oa a level circular path, then the maximum veloc

and i onder to avord s kadding

os = JoET
where 1 = Height of C.G of the vehicle from the ground leve!
Zer = Distance between the outer and inner wheel, and

¢ = Coefficient of inction between the wheels of the vehicle and th ¢ groumd

2. Whena vehicle moves n a level circular path, the reaction at the inner wheel
mg I v h
2 gra
and reaction af the outer wheel

1
- u[.‘ _*.J
2 gra
wherc m = Mass of the vehicle in kg

1.50 Collision of Two Bodies
Consider the impact between two bodies which move with different velocities

alony
f gra vity of the

wpon th

perfectl

pot rebound at a
two clay spheres

The loss of kinet

w here m Ma

where ¢ Creliftent of

Notes 1 1.
impact

L The value of ¢ = 0. for perfeatly incla
bodses are nciber perfecthy inclasu

L51 Woark
Whenever a force (F) acts on a body and the b
direction of the force, then the work is said to be dore
Workdone = Fxx
1f the force varnies from 0 to a maximum value of £, then
0+F
2

dergoes a dssplacemen) (1) in

Work done =
The unit of work depends upon the unit of force and the displacement In 5.1 system of units.
the practical unit of work iz N-m. It is the work done by & force of | newton when it displaces 3 body
through 1 metre. The work o1 ! N-m is known as joule (bnefly writien as J), such that | Nom = | J
Note : 1f a couple or torque (T) acting on a body the anguiar about
1o the plane of the couple, then,
Workdone = T 0

2 I 3
AmpAs

1.52 Power

1tis the rate of doing Pt workdone per uait ume In S 1 systom of units, the umit of power
s watt (briefly written as is equal to IN-m/sor L}/ s. Generally a brgger wnnt of power called
Kkilowatt (briefly written as kW) is used which is equal to 1000 W

straight line. [t i s assumed that the point of impact lies on the line joining the centres o
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B

o i the angular speed in rad £ 5, then
Note: W T s the orque transmitted w Nom or ] and od is the angular L & The usit of fon

Poser = Ta e TN =
i N = Speedinrpm ST

153 Emergy
Tvis the capacity of downg work. The mechanical energy is equal to the workdone on 3 iy in B
altering either its position o its velocity. Following are the three types of mechanical energies o “Trss

L Potensial energx W 1 the encrgy possessed by a body for doing work, by virmye of 7
pasition. mposition
Let = = Mass of the body, & Thes " § <

W = Weight of the body = m.g, and iNe resolved par heir resultant in tie sime 3
A = Dustance through which the body falls ) pr
Poseatial energy = Wh=mgh

2 Seeim emerpx ki is the potential encrgy stored by an elastic body when L
compressed spring posseses this type of encrgy. because 1t can do some work r e - f
oniginal shape. Thes if 2 compressed spring of stiffness s newton per unst extension 7 10 The = o 3 awnle
s deformed through 3 distance x by 2 load W, then v

Snu!hun-=“’mkdcm:%“x;=-:u3 Faas o - . n o, P

3 Kimesic emergy It s the energy possessed by a body. for doing work. by virtue - PO cos ® @ Jp .
mass () and welocity of motion (+). Mathematically, kinetic energy of the body or kinetrc < ' - 1 y
wranslation.’ 1L If the ressita forces Pand Q acting: at an angle 8. maikes an e @ with the force

1 5 then
= gmat .
Naoss Lm‘u‘—w“m“ﬂmlnmmnmmmmxa‘;- b an angulas e - =
mun-—mmkmmm I this case, - e
Kinctc cncegy of mestin = 1 [a? S i e i e =

2 Whee the has both hnear angular motions o i whe 3

dn“w.mﬁmwﬁhu, €4 in the locomotive dnving whecls and whecis 1 T resuitan of 1wo forces P and @ (such tht P> @ ) acting sicig the same straight line, but

B oppos: w directon. 15 given by

U 1
=3 mvls 2l @ PeQ (b) P-Q ©) PIQ ) Q/P
‘ - LA The: resultant two equal forces £ making an angle 8. 1s green by
m;:‘::r:» force """”’"”"“""lm‘*hﬂvmdmmmm.mp.wm,uem--w' @ 2Psin0/2 (b) 2PcosB/2 (o) 2Puns @ 2Pcox0/2
e "y mouos. I The Wﬁlwfmﬂmhqmn.ﬂudnq-rep--'.'uu
) Agree b
2. Aforce while acting on 2 body may i v @ pE, @ P2 © pi2si @ 2P
(@) change its 15. The a ngle between two forces when the resulizat is and respectively are
@ samuuo.:_ = (b) balance the forces, already acting o it (a) O *and 180° (&) 1807 and 0 (€) S0Pand 1807 d) SO nadO®
intemal strcsses in it ) all of these
3. Inorder o dey 16. If the s esultant of the two forces has the same agnstude 23 cither of the forces, then the angle
m°'m u? 1“"’“&““.’"""‘“"”“’"‘7- we must know between du:.lwo forces is 2 .
gnitude of the force by I;mnflajonnluu{m {a) 30° b & ) or ) o .




Strength of Materials

%

L1  Istreduction
mmu—ummuw-mmmt Engineering - science,
mmmhma—hmdwnmmmmwmmmm
the action of the forces.
12 Strems
Wh-l:tm-l!y—efhwwloﬂhlt:mlbody.dnhwmlfm(mlmd
W)nnq--i_mdhhdy,wmmmeamlfm This internal
&uwuﬁm-mmﬁnd&bﬂyihﬁnnnﬂmuﬁnﬂym Mathematically,
Swess, o = Pid
‘where P-F«uwln-dlcﬁuonlhbody.nd
J-Wmofubody.
hﬂ.*&“i-ﬂywhmm)mﬂlh-lNIn’.hml
mnmb—uﬂdmiqw(hﬂn)lﬁwmﬁ)-ﬂh
IMPa = I x10°N/m? = IN/mm?
1GPa = I x10°N/m? = |kN/mm?
13 Strain
When a system of forces act on a body, it undk defc oa. This defe per
ﬁh@hb—-ﬂmaﬁﬂynm"ﬂmﬁuﬂn
Seminc = 3//1
where & = Change in length of the body, and
! = Original length of the body.
24 Tensile Stress and Strain
m.wa“nmwdwawmunm&dﬂhhbﬁy
Mhm‘mh‘hm-ﬂ-ﬂmum-mmu—udhm
1.5  Compressive Stress snd Strain

Whubmblﬁnihmc—ldmuﬂn-hnlmhdmh
mnmhh‘.hmdmhuhhw-uwmm
sirain.

16 MM#“M
W'-hmum;*ﬂbhﬂ-ﬂ“u,hn—hwy
to strain, Le.
Get o o =Ly o l-loﬂf—
: € Axbl
£ of ' and is known s Young ¥ Modulus or Modulus of elasticity
54
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1.7 Shear Stress and Strain

When a body is subjected (o rwn
resisting section, as a result of which the bod
is called shear stress. The <omresponding str:
angular deformation accompanying the shear stress
28  Shear Modulus or Modulus of Rigidity

It has been found experimentally that withia elastic Emut. the shear stress s directly propar
tional 1o shear strain Mathematically

Tad or T = C.¢ or tig=C

where T = Shear stress ¢ = Shear strain. and € =
modilis or modulus of rigidity. 1t is also denoted byNor G
19  Stressin a Bar due to its own Weight

Consider a bar of length (/) and diameter (d) rigidly fzed a2 the spper T
end and hanging freely as shown in Fig. 2.1 The stress at any section m 2 bar |
due 1o its own weight is directly proportional to the distance Som he free T ‘
end. Therefore, stress at a distance x from the free end

acting tangentially acacs the
section, then ihe stress fnduced
e and 0 is measured by the

proportionality, known as Shear

= Wx ’ l

"
and total slongation of the bar, _L "l
8 =wPnE —a— ‘

whers W = Weight per unit volume of the bar Fg. 21

Nate : When 2 comical bar of length (1) and buse diameter () is gy Sned with its base diameter at the
Upper tad wnd o hanging frecly, then the total elongation of the bar due » 3 own wexght i given by

a
Y.L
6E
218, Stresses ln Bars of Varying Sections
When a bar is made up of different lengths having different cross-sectional areas, and is
Sbjected 10 an axial force P, as shown in Fig 2.2, then the ttal deformation of the bar,

et e P
R . R P e e £

AE ME AE (e ol o
L L 0 O it Fg.22
Ela 4 A )

2.11 Stresses in Bars of Uniformly Tapering Circular Section
‘When a bar of uniformly pering circular sections is subjected to an axial force P, as shown
in Fig. 2.3, then the elongation of the bas, _

arl

8l =
[
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212 Stresses in Composite Bars

A composite bar may be defimed as a bar made up of two or more different materials, joined
ogether in such 3 manner, that the system extends o CORTAcEs as one unit, equally, when subjected
) EERRION OF COMPTESSIon.

Consider a -ompasite bar made up of two different materials as shown in Fig. 2.4

Load shaed by bar 1. & = ’xrg-i—:];

adload silicd bybar2. B = Pxﬁ'—ﬁ

Since theclonganion for both the bars in same (L& 8/, = 8/, ), therefore

s L T Gy
AE AR E B

E,
c,-Ellxa,-.md a,-%‘-xa.
1

The ratio E, / E, is known s modular ratio of the two materials.
2.13 Stresses due to Change in Thermal St
Whenever there 15 some increase or decrease in the temperature of a body, it causes the body
1o cxpand or contract. A fiszle consideration will show that if the body is allowed 1o expand or
contract freely, with the nse or fall of the temp are induced in the body. But, if the
deformation of the body is prevented, some stresses are induced in the body. Such stresses arc
known as thermal siresses of temperature stresses and the corresponding strains are called thermal
31rging OF lemperature strans.
‘When a bar of h—tmumno-numhmpumnm.nsabemm n
length when the-bar is free to cxpand is given by
Bl=les
where . @ = Coefficient of lincar expansion.
nhatdhhm&edbdﬂmmmlu ied, thes
e expansion is prevenied, then
e=Blfl=lar/l=as
and thermal stress =tE=atk

Note: If the supports yield by i 108, then the actual
8= Lai-8

214 mu—hmnmg—h

When

that has taken place is given by

nﬂ.u:l:-inuuhmwumhu U.l- !

o XLEd
o  —
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2.15  Primary or Linear Strain

The deformation of the bar, per umt len s the Zrection of
primary or linear strain

216 Secondary or Lateral Strain

Every direct stress is always
kind of strain in every direction

pposie

strain

2.17 Poisson’s Ratio
The ratio of lateral strain to linear strain is called Poisson
118 Velumetric Strain

The ratio of change in volume to the onginal vo

The volumetric strain of a n

d

219 Bulk Modulus -

When a body is subjected 10 three mutually perpeadics
omresponding volumetnc stram s o

of equal intensity, the
duluz. [t is usually

When a cube is subjected to three mutually perpendicular teamie stresses of equal intensity
@), then the volumetnic strain,

8V
VOE
The relation between bulk modulus and Young's moduies i prven by
_ mE
" im-n

The relation between modulus of elasticity (E) and modubes of ngidity (C) is given by

c mE
= Im+D
and the relation between E, C and K is given by
SKC
N
220 Bearing Stress or Crushing Stress
A localised compressive stress at the surface of contact
between two members that are relatively at rest is known as
bearing stress of crushing stress. The bearing stress is taken
into account in riveted joints, cotter joints, knuckie joints eic
Let us consider a riveted joint as shown in Fig. 2.6 In such a
Case, thd bearing or crushing siress (iLe the stress af the sur-
face of contact between the rivel and the plase),
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sa
e
b By
where d = Diameterof the nivet,

dr = Projected area of the rivet, and
= = Number of rivets per pitch length in bearing or crushing.

221 Principal Stresses and Strains

It has been obscrved that at amy point in a strained material, there are three planes, mutually
perpendicular to cach ofher, which carry direct stresses only, and no shear stresses. A little
consideration will show that out of these three direct stresses, one will be maximum, the other

muumum and the thed an mtermediate between the two. These particular planes, which have no
i [ ipal planes. The magnitude of direct stress, across a principal plane.
s known as praacipel svess.

232 Stress on an Oblique Section of a Body Subjected to

Ihunh—hlho_!hn - -
Consider a recangular body ABCD of uniform cross- ] -
sectional d . j 1o pri e g e t—=o
sile stress O a3 shows in Fig. 2.7. -— -
On 2 section EF, which is inclined at an angle 8 to the 4

normal cross-secoon, $he normal and tangeatial stress will be
nduced. The normal swr=ss across the section EF is given by

. Force normal to the section EF
= Areaof section EF
- 2Acb
Asec 8
and tangential stress (Le shear stress) Across the section EF,
. Force slong the section EF = 2Asinb

= ocos’® (i

* = o uné. cosd

Area of section EF A sech
= ;x!ﬁomd H-;-xlin“ o (1)
From s0m (/). the section EF will be maxi whea

m‘l;lwml-lu.-r.h.--ﬂ.unndmﬂjmyhmm
direct stress.
< Maximum normal stress,
o, =ccnlP=0o
3 ﬁ-mm——u-—-uu—mumy-mw
marunum, when sin 2 8 -.lna- ”uW..-Gwl)’.hﬁlmhMm

wil be Planes inclined at 45and 135°,

Tau = 7 30090 w0 /2

STRAENGTH OF MATEF

From abow
normal stress.
The resultant stress i given b

P

Note: The sbove relations hold good for campre

1.213 Stresses on an Oblique Section of a Body Sub
to Direct Stresses in Two Mutually Perpend
rections

When a body of uniform
bjected to mutu

hickness 1y

sile stressen 2, and 9, a5 shown in Fi

n EF is given by

will be minimum whencos 28 = 3

907 13 0. Thus we see that there are two princips
hen. one of which carmies the manimum direct stress and the cther = s
priscipal plases do not carry any shear stress

aton (i), we see that the shear stress across ¢ -
W2 | or 20 = 90° o 270° 01 0 = 457 0r 1 35° In other wos 3w
Planes inclined at 45" and 135" (o the normal section. There:
s

334 Stresses on an Oblique Section of a Body In One Plane

direct stress. These

be maximum when
be matimum on two
Fanummgm shear stress when @ = 45 or

Accompanied by 8 Simple Shear Stress

When a body of unifarm cross-sectional area and wais-
thickness 1s subjected 1o & tansile siress (9,) in one plase
Accompanied by a shear stress (1) us shown in Fig. 1.9, thea

the maximum normal siress Is glver by

- ) g

) !:L.% JE eat,)

| —
ng 1y
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N e pormal eSS,

Note 1 When o expression 5 w) 15 greater than

oppesier 1o that of (0.} le i (o), © wasile, (0,)_, will be

ompeessive and vice vensa
2.25  Stresses on an Oblique Section of a Body Subjected
to Direct Stresses in Two Mutually Perpendicular
Directions Accompanied by a Simple Shear Stress
cross-sectional area and unit

When a body of un
tuckness 15 ssbyecaed 1 tensile stresses (G, and @) i two mu
tually perpendicular planes accompanied by a simple shear stress
).2s shown in Fig. 2 1. then the maximum normal stress is e

2.26 Mohr's Circle of Stresses
The Mohrs circle is a graphacal method of finding the normal. tangential and resultant stresscs
n an inclised plane It 15 deawn for the following iwo cases
(@) When the rwo munally perpendicular principal stresses are unequal and alike Let ©
and '.', be two unequal tensile (or compiessive) principal stresses acting un a rectangular body Itis
red tw find the normal tangential and resultant stresses on an obligue section making an angle U

munor iensile stress
Mohe's circle of stresses, as shown in Fig. 211, is drawn as discussed below

= e 1 HHITEE

STRENGTH OF MATERIA

I Take OA a

A 1 al and 1
ngle
o w m d € s
) ibe A ;
King an a e 20 1 = = r 1
A N ¢ the requ 1 4
h g echion. b
. . he sca
Revitivn g
The straua encrgy sior 2 uc o caternal loading withun the ia - knows
. « 2 ¢ clastu: known as

N L The maxemum siran
resdionce

2 The prood resilience per unit voly

crgy which can be stored i a body spto e el

e 0f 2 matenal is Known a5 modide

& The strain energy stored in a body (or re. s subyected o dieect lenside or
o ubyecind to drest tensile o
:1.'
a—XY
2E
and modulus of resitience s
28
Wwhere 0 = Suwess induced i the body,

E = Young s modubus for the maseciad of the body, and
V= Volume of the fody
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[ %]

o 1l y when it is subjected 1o shear stress (@ A Uniformly varying |
ey when 1 shear stre | ’

& T wrasn onergy stocest 0 3 bodly (o6 resiliens waries uniformly on each
atone end and increases unf

- ¥
oy 231 Shear Force and Bending Moment Disgram
o modulis of sheas resience The shear force (br
. algebraic sum of all the fon P
- %
Nere € = Miodubes of ngidity for the matenal of the bod) - 2
" The following figures show the shear
8 snumtnhﬁlh&rm.\lodadlnd"! ¢ ople ,“m’:; gures show the z
AWW@*W*ABIM'.mmb“"“'lhmw”s P
L Gradualty sppiiedload. 2. Suddenly applicd load, and li—_] T ek
i mum*mamkbﬂl - ===
wa ., then the stress induced in a body s given b . v SNSRI
When load W is applicd gradually to a body. . : /
w SFD . ]
: e Tr —
w oy
where Cross-sectional area of the bod Tl /
5 > the atan BmMD g
e Fig. 213 Camever bessm weth a px

When load W is spplied suddenly t0.a body, then the stress induced in body 1« r .«
induced when the same load i applicd gradually. ie.

w
=2I%N —
e=2 A

When load W s dropped from a height &, on to 2 body of length [ and cross seot k'.._———'_i,_—___ "
then the stress imdeced (also called impact stress) ts given by s ;
w 2hAE wif 1 :
o e 1+ 14 Wi 2 .
2.29 Types of Beams ‘
Followmng are the various types of beams - s :: g
1 Cantilever beam. A beam fixed d and free at the other end 15 known as 3 can T Ty
Bg 215 Camicver beam wah gradually varyingload. 6216 Simmgly sapporied beam with puoint

ver beam.
2 Simply supported beam. A beam supported at its both ends is known as simply supporned cad w4 T poe

3 Overhanging beams. A beam having its end portion extended beyond the support 1

known as overhanging beam. A beam may be overhanging on one side or on both sides : I
4 Fled baam. A beam whose both ends are fixed, is known a3 fixed beam W
S, Continuous beam. A beam supported on mare than (wo supports | known as continsos L

beam. | "*' f

230 Typesof Loading
A beam may be subjected to the following types of losds: "
I Concentrated or paint load. Auﬂqmlhmhmwnmwmnun
of point losd . :
1 Unifwemiy disteibuted load. A load which i  beam In such a mannel m-ﬂ
ach unit tength 1s loaded to the some extant, |s kisown ss 4 distributed load (briefly 7!
wliDL) ’

g swpD
Fig 218 Sumply supponied beam
withs L DL
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BMD

Fig 220 Simply supported beam with a
gradually varying load, from e
one end to w per metre &t the othe
end

“/l hemte SOSCR s where shea force diagram changes sig from positive ¢
;l“. ue;m]:‘ﬁﬂm ﬁ;ﬂmnm-mnupﬂu\-huk-mn e
z m,—mnmmmwwumbw-p&u«.
ot geacsally
1m Theory of
mmmmwunmmnlnmwu,
| The manerisl of the beam is perfectly homogeneous (i.e. of the same kind throsghou
motropic (Le deﬂﬁmiunﬂdﬁmm) : ;
2 The besm maserial is stressed within its elastc limit and thus obey’s Hooke's law
3 The mamswerse sections which are plane before bending. remain planc after teading +
4 Each layer of the beam is free to expand or contract independenily of the layer. above
below it ‘
S The value of Young's modulus for the material of beam is same in lension 3
compression.
133 Beams in Simple Bending
The fullowing 1 ion for beams in simple bending -

g

Fig 219, Sumply suppersed beam wilh a trian-
' gutarload vanying prasualy from zeoal
hoth emds W = por mevT af the cenre

2.
¥
Bending moment.

1 = Moment of inertia of the area of cross-section,

o = Bending stress,

» = Distance of eatreme fibre from the neutral axis.

E = Young's modulus for the material of the beam. and
R = Radius of curvaturs.

Notes + L The line of intersection of the neutral layer with sy nommal eoss-section of  beam (5 kno™
neutral ass of that section.

2. Onune side of the netral

x =X
" "
n|m

sses, il o the oiher side there ¢

n &

ensile

B it et

STRENGTH OF MATEFIALS

stresses. At neutral axis there
centrond

where 7 ia known as section m

134 Beanss of Uniform Strength

A bear

h ber

slled + beam of

he depth umform and varys

Ith and depth buth

{ obtamng the beam of uniform

A hiferent materials jo
ena a te beam or flitch
Tader 1 3 varlal
and sl W i
beam i e
A beas .o m als. as shown in Fig 221, is most common. such =
wooden beain

tal strips and concrete beams rean ster

s, I such Cases. ihe total moment of resistance wall be equal 10 the sum of the

moment of ressdances of the individual sections, ie
M=M+M,=0,.Z+0,Z,

W also know that at any distance, from the neutral axis, straim in both the
materialy will be same. Le

%;.% or -,.-%x-;:y . )

From the above 1wo relations, we can find out the moment of resistance of 3 compotite beam
Orthe siresses in the two materials

236 Shear Stresses In Beams

The maximum shear stress developed in a beam of rectangular cross-section, 8 shows i

Fig. 222, is given by

T = 137,
* T, = Average shear stress = Load / Arca
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The maximum shear stress developed m a beam of cireular cross-section. as shown in |
o grven
4 - = 2o
-t o "
b - £
i
| :
N - ] 3
W -f-—-—hR— 5 -
-— =
Fgix Fig. 223 o y
It may be mosed that the shear stress in a beam is not uniformly distributed over the cr o
e t varics from es0 at outer fibres 10 a maximum at the neutral surface as shownan Fig » *
237 Deflection of Beams ¢ manimum defle
The gemeral eguanon for the deflection of beams 15 W . ‘
d'y .
M=gX |
- m it ol a (]
M = Bending moment, s 2 g 2!
E = Yowng's modulus, and 4
1 = Momentof incrtia. . . 2 -

The prodict of £1 is known as flexural rigidiry. Let us now consider the following case

I  Simply sspporied beam with a central point load A
sumply supporsed beam AS of length [ and carrying a point load at the
contic of the beam 2t C 15 shown in Fig. 2.24. The deflecton at point
Ot s the maumen deilection) 13

F s buted load w / unit ler
o Fig de 0 8l any section X af a distance x >
< aE e

2 Simpiy supparied beam with an eccentric point load. A
s:miply supporied beam AB of length | and carrying an eccentric point
load a2 C is shown in Fig 225, The deflection at point C is given by

& |76

The maximum deflection ocours at the free end (b

Wab 1t D e o
Py i e b wi* W
6EN AEN g (W
F £ " R BET 8ET
ince b >a, th defl in CH and its g When a cantilever is Iy los > Fia. 230
s partially loaded a5 shown » Fig. 230, then the deflectic ot C (at
woe o I ln giwan by distance I, from the fixed end) is given by AL P By
i i it ignge
o4 A L]
srid rmaximum deflection, and the maximum deflection occurs at 8 whose value s given by

Wa 2 a3,
Yas ™ (" ~a
-~ b !
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2. Campilever beam with a gradually varying load. A
cantlever beam ABof length [ camrying a gradually varying Joad from
2cr0 at B'to w/ unit fength 3t A is shown inFig. 231 The deflecion w
= any section X at a distance x from 8 1s given by

Ll owd Wt ]

P e | e

Erf M o 30
\

The maximem deflecuon occers at the froe end (when x = 0) and its value 1s given by

b
™= na
& Fived beam carring a ceniral point load. A fixed beam AB of length f earrying 2 punt
load at the centre of the beam at Cis shown in Fig. 2.32, The maxi- W

mum deflection occurs at C and a5 value s given by

wr* ;
192 Ef Fg 232

o=

9 Fixed beam corrying an eccentric poins load. A fixed beam AB of length ! carrying an
eccentric point load a1 Cis shown m Fig. 2.33. The deflection atany section X at a distance x from A
s given by

Wb,
v = ——— |r(3a+b)-3al
@y [ !

The maximur deflection occurs when x =
+ Maximum deflecton,

wa'y®
El(3a+b)’

2
)‘-w:;"

and deflection under the load a1 C,
{ wa's!
£
10 Fuxed beam carsying & uniformly distributed load. A fixed beam A8 of length fcamrying
a uniformly disinibuted load of w/ unit length is shown in Fig. 2.34
The deflection at any section X at a distance x from A is given by

A
1 (wid wx* wils® .
ol e P
24

Jc

wiunit lgngih
X

E({ 12 % Fig 234

The maximum deflection occurs at the centee of the beam and its value is given by

Wit S
Yot = SRAET " TBAET el m wl}

2.38 Shear Stress in Shafts

When a shaft fixed at one end is subjected (o a torque (or twisting moment) at the other end.
then every cross-section of the shaft wi i subjected (o shear siresses. It may be noted that the

nertia,

STRENGTH OF MATER

shear stress is zerc
shear stress a
torsion cqu.

where

a Angle of twist in

The above equation is based on the following assu

I The matenal of the shaft 1s uniform thre

2 The twist along the shaft 1s uniform

The normal cross-section of the shaft, which were p
plane and circular after twist

4 Alldiameters of the normal cros
with their m

The followt

on which were straight be

gnitude unchanged, after twist

g points may be noted

L The shear stress on any cross-section normal to the axis of the shaft
tional to the distance from the centre of the shaft. Thus shear st
of the shaft is given by

2 The strengih of a shaft means the maximum lorque or power transmitted by the shaft
From equation (i), we have
T T
R J R
Fora solid shaft of diameter (D), the polar moment of inertia,

AL g
2 D 16
For a hollow shaft with external diameter (D) and intesnal diameter (<), the polar moment of

_d
D
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0
1 Theterm J/ R is known as potar modulus. The polar modulus for 2 solid shaft,

T p
Z‘-!—O-.D
and polar modutas for a hollow shaft,
3 -
p o'-d'
. D

& The term T/ 8 is known s tarsional rigidicy of the shaft
S The power transmitted by a shaft (in walls) 1 given by

2=NT
PeTu= 0 §

T = Torque transmitted in N-m;
N = Speedofthe shaftinrpm . and
@ = Angular speed inrad /s.

239 Strain Energy dueto Torsion
The tosal straim cnergy stored in a solid shaft of diameter D and length [1s given by

where

4C

where ¥ = Volume of the shaft = :,,, Dixl

and total strasm encrgy stored in a hollow shalt of exiernal diameter (D) and interual diameter (d) is

given by
4 af +d* ),
i ( D Jl

240 Shaft 1o Combi Torsion
When a shaft is subjected 10 a twisting moment or torque (7) and a bending moment (M) due
10 self weight of the shaft and pulleys mounted on it, then the maximum normal stress in the shalt is

given by
- a,l_n-ri (u,ﬂi(a.’}ohz) 0]
and minimum normal stress,
f 2
% ey = 5|9 -J(a,)’ur’J (i5)
where 0, = Bending stress induced in the shaft due to bending momeat (A1),
and

T = Shear stress induced in the shaft due (o twisting moment (7)
We know that for a shaft of diameter (D),

2M 167
O i et -
(] 20 and L —B-.

STRENGTH OF MATERIALS 7
Substity

Max.mum nc

denoted by M. T
acting al produces the same tens:

We

The expression J A%+ 77 isknown as eq:

oment is defined as that twisti

The equivalent twisting n
duces the same shea

Note : For 2 hollow shaft o

Minimum normal stress.

o =

o T S b

and maximum shear siress.

241 Springs
A spring is a device whose function is to distort when loaded and 1o recover its original shape
when the load is removed. The various important applications of springs arc as follows:
1. To cushion, absorb or control energy due to either shock or vibration as i car springs,
railway buffers, shock absorbers and vibration dampers.
2 To apply forces as in brakes, clutches and spring loaded valves |
3. Tocontrol motion by malntaining contact between k a8 in cams and folls
4. Tomeasure forces as in spring balances and engine indicatan
5 Tostore energy as In waiches, toys ete.

242 Stiffness of a Spring
The load required ta produce a unil defection in a spring is called siifTness of & apring.
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34Y Carriage Spring or Leal Springs

The mavimum be stress developed in the spring 18 given by

and deflecnon,
o W = Load on the spring,
Spas of the speing,
= Thickness of the plates,
& = Widih of the plates,
® = Numberof plates, and
£ = Young's modulus for the material of the plates
244 Closcly Coiled Hebcal Springs

When 3 closaly
e Iwisling moment due b the koad Wi given by

T=WRs u-=2=i‘xsxd'
2 16

SWR'n WD
B= — = o
cd cd

where R = Mean radius of the spring coil = D /2

d = Diameter of the spring wire,

a = Nember of turns or corls,

C = Modulus of ngidity for the spring
fratena)

t = Maximum shear stress induced in the
wire due 1o twisling

2458

When two springs hay

Springs in Serles and Parafiel

8 stiffness k, and k, are connected in seriey
35 (a). then the combined suffness of the Springs (k) iy

n Fig. 2

Fig 233

-

EERIN

,qeere:afspnngolmandumera(n)usubjc:mdwan\ al load W, ther

o ]

2.46 Riveted Joints

1 It is the distance from the centre of Coe muet o the ceatre of the next rivet
Mecasured paralle! to the seam

2 Back piich. Ivis the perpendicular distance Serwees ntre limes of the successive
rows.

3 Diagonal pitch. 1tis the distance between the cenires of the nivets in adjacent rows of "
Zag niveted jaint

4 Margin or marginal pitch 1t 1 the Mance between the centre of fivet bole 1 the
Bearest edge of the plate

248 Failures of Riveted Joints
A rivetod joim may fail in the following ways
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B the margin (m) = | 5

m:mmﬁlh-dﬂmmhwhm"-ﬂhmmm

designed for shear strengrh

e¢ or pull require 1, 2.50 Thin Cylindrical and Spherical Sheils

* I the thickness of the wal] of a shell is less than | 1050 | 15 of its diameser, it is known =

thin sheil. It may be noted that whenever a cylindncal saett % salpecied o an miernal pressare. 0
walls are subjected to the following two types of enmle mresses

" 1. Circumferential stress or hoop stress, and 2 Lang it strem
hmormmunllmwmnn-unu_hmmwu

1l thick When a thin ¢ylindrical shell of . i (7) and leagth (/) is subjected
ay 10 an internal pressure ( p), then the circumferential or hoop sress mduced i the shell,
eolfhetive per o0

o, =L£E

. 2en

(i Sear i

single shear) nd loagindinal L
«iia double shear) whare n = Efficiency of the riveted joine, when the sheil is made of desired

3 capacity by jouing different plases, by mesas of nves.

Netes 1 1. stress has the tendency 1o 3piit up the Cyindrcal she) Mo twa troughs.

e . A Tae saress has the 1endency (o split up the cylndrest shed a8 rwo cyfinders
SRR por pinc -k The o stress 1 half of the ooy Erem.

of a Thin Cylindrical Shell .

< &-nnnn;nmummn—r.--‘ulkaﬁ,u:wh
i5 10 cause some change in the dis (¢ length and &
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mm«mwmuuwu.’_u

Gl 2 . 0, ¥ 0

A zZ 4

4 M=Pe and 2=1/y,
and the maximum or resultant tensile stress at the cdge €D s

oefan P _u _r_
I 4 Z

Notes @ 1. mumumu-ﬁu—um—-—yuuq
the subscripts ¢ and /.

o5 -,

E S 'hh“ﬂu,h'—huqﬂu— . huea the compreaive
whall be present ail over the cross-section. i ey

E Y htﬁ—l,hh-h*-c,-h_—ﬂm-hh
ﬁ_‘dﬁmuwn—.._u—-dum
188 Limit of Eecentricity

ﬁh*hmnm-ﬁdnﬁ—-ﬁ--ﬂhmu

such that no tensile stress comes into play st any section of the cohumn. We have seen
- the resultant tensilo stress at the edge CD,

N P
'a't'o";':

w semaile st is not to be perminted 10 come ina piay, Sen the bending stress (a,)
L -hhn—(-,)--u-qi-;h-ﬁ-hﬁumu

oy sao, or %!5 or %ﬁ‘; or l"i‘-
(¢) for various sections is as follows -
For & rectangular section of width (3) and depth (d), 5 4/ 6
 Fora hollow rectangular section with 8 and D cuter widsh and respectively and b
~ #ad d imner width and depth respectively, _—
8D’ - b’
% SD@D-bd)
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:
&l
L Forbotentsbinged, =S

oK
2 hiﬂh&d“dh!-—r‘

w B
3 Fordohemdfived, P =

n'El
4 Forone end fived xad other end binged, P = ==
Ia general, Buler's formula is given by
<K 4 g
P= i '

where  Cis 3 constant, representing the end condition of the colun. It may be noted that
(@) C=1, foracolumn with both ends hinged. g ¥
(8) C=4, fora column with one end fixed and n
) C=1/4,for 2 column with both ends fixed.
(@ C=1/2, for a column with one end fixed and the other ¢nd hinged.

13 anoh ‘of An-hhh—_l‘-,wuw-_w-j
-&-m;’pu@wmqﬂ--ﬂq#_% -
ends mnd baving the value of crippling load equal to that of the given columa. g 2

The equivalent lengths (L) for the given end conditions are given in the following
5 No. | Ead condisions Crippling load mxﬂ
e ]
Pk E_<E £
L | Bothends hinged v o
LB B :
2 &cdh‘ﬂh‘dh AP E,)T ""L‘;“"‘ L=2 ‘
4 Bl » t‘kf- x El
3| Both ends finod i [%J {5y
Wl _ LB O
4. | One end fixed and the othar end hinged (_]I, .40
£ L TR 4 3

» : p will e
Neotes ¢ 1. The vertieal columa will have two ). Bloca the colume 0 ',
uwhtmmmdmb&mwd
1o be used in the Euler'y formuls. [ i

www.Engineerjpdistebdfcom

STRENGTH OF MATER ™

2, The Euler’s formuts s given b

(s I=Ak? wh

23w radia of gyTaton of the secrios

3. The ratio |/ k ia known as sleaderness »

umay and

4. Sometimes, the columny whose slenderness 3t wrs o 82 ave
those whose slenderness ratio is less than 37 are kuown a5 shor s

S. Euler's formula holds #ood only for long colums.
1.57 Raskise's Formula For Columas
The Rankine ‘s formula for crippling load (£)1s given by
[ |

e .

i ‘J‘ - |
Lk
Crushing stress of the cofumn matenal
Cross-sectional arca of the cobuma,
o,
a = Rankine's constant = :*E
L = Equivalent length of the cobumn, snd
k = Least radius of gyration.
The values of Rankine's constant (a) are as follows
L For wrought iron, a=]/9000; 2
) For cast iron, a=1/1600 4
58 Duau sad Retaining Walls

A--mldhlmhpchrm,w&i--dhhmof
mﬂp—'mo\ﬂmm--ﬁnﬁ-nunwuud‘u-hnn“
dam construcied

a=1/7300
a=1/750

For ouid sl
For nmber

L The weight of the dam acting downward: snd
1 The of water acting b tally.
leﬁ-dﬂhﬂbu.-—-hm-mam 237
Lat a = Top width of daem,

b = Botiom width of dam,

H = Hoight of dam,

P = Specific

A = Height of water retained by the dam, and

W= Specific weight of waier.
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4 lnerdtrhpvevmnnemhm;ufmrr,--&h—:a{ﬁhhnnmuﬂu
Mkl:nmﬂnpmmmkrwmmmm
2.60 Active Earth Pressure

Thme:.umgdby:rueumnm,umm fill, on the remming wall i known
as active carth pressurc. As a result of the active pressare, um—.om—auu*m:y&m
the retained earth.
261 Passive Earth Pressure

l-nmu,lhemninmn'lmuhm;:r, agunst e retmining earth, which gets com-
pﬁM.mhoflhmwnfhmn-u.vﬂ,umman&mmma
_m-mwwmwmmm;h—-nmwmhmm
.61 hn.‘-ruqmwmmm

Mhhﬁm'lmkmhlhhbhr_‘ti"mm
retmined material i3 given by
i ["""J

2 I+sné
where w = Specific ww-i
A = Height of retaining wall, amd
= # = Angle of repose of the remined carth.
l._'d—un-thun-‘ or load (ie
# will ~1use a constant pressure oo iﬂ—'—'—::‘uhm-: m
(L] 1o surcharged load is given by
Aep (.'_ﬂ)
I+sing
# = Intensity of supercharged load.

. Concrete Beam
hl—ﬁ-m-*hh-f
“—h-—uun-puhn-lﬂn—uu

':hnnﬂi‘ub—h-ﬂ
' Themodulus of elasicity for stcel and concrese is constmat
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5 ol the I used by the eagioeens, may be classified, on the by,
mm’ s, into the following four types.

L Elayic matersals. Wihen a material regains its original position, on the rem,. f the

2 Plastic matersals. When o material does not regain its original position, on the rem
of the external force, 1 i cafled a plastic matenal.
31 Ducnie manersals. When a material can undergo a considerable deformation i,

e.g when into wires), it is called a ductile material
4 Brimie maserials \lhl-nlmuwﬂnpmyderwmam (like glass) ang

farks by rupture. & s cafled 2 bevttle material
T3 “h—halﬂl“uﬂ:“‘l’n
™ 2 fora i tensile fest is shown in Fig 2 15

see that from O A = 2 saras, which that the
15 proportonal © sram t-ummm&hwm
mum;ﬂ-wmmmuwu

m&“tah!)-mwhhd-mhmu
mnznh!-kdumm‘mw-wq.nM-Ehmhﬂkﬁw stre

bt may be noted tha:

e =Q‘Wl‘::l:‘;:;dm

e R T

3 Percentage reduction is arca e, HFI-Ftnduq_lw
Original area

4  Petcentage elongation
N L3
otes : ] T?'-:mkuam-mwudmmnmmmmperrmmdu.mnmc

«ly undergoes some deformation, it sets Up some resista; the This
<" unt area (o deformation, is called
(@) strain M) stresy

(c) pressure

STRENGTH OF MATEAIALS

1. The unit of stress in §.§

(@) N/mm? (B) KN N ) amy ome of

3. The deformation per unit length is calle

(@) tensile stress

(<) shear stress z r
4. The unit of strain is

(@) N-mm (&) N/mm ™ (&) no it
5. Strain is equal to

(@) 1/81 ) &1/ g 3 ) [+81

where I = Original length, and 8/ = C hange i len

& When a body is subjected to rwa equal and opy

e . 23 & result of which the body
tends o reduce its length, the ress and sran nduced i3 co

@) True
7. When 2 body is subjected 10 two equal and Opposite pulls. a8 4 resuit of which the body tends
' extend s length, the stress and strain mduced 13
} tensde stress compressive strain

@) compressive stress, tensile strain
} wensile stress, tensile straim (d) compressiwe sress. compressive strain
& When 3 body is subjecied 1o two equal and opposite forces actng @agentally scross the
FeNIsing sechon, as & result of which the bady tends w shear off across the sectio n, the stress and
STwn adwsd s
(@) wnmsile stresa, iensile strain
€] shear swress, tensile strain
% Whach of the following is a proper séquence?
(@) propornonal limat, elastic limit, yielding, falure
5 elastic it Pproportional limut, yielding, failure
) ywiding, proportional limit, elastic lirmat, faslure
) none of the above
10, Hook's law holds good up to
(@) yueld point (&) elastic limit €} plastac it
. Mlmhmhluded-:mmm:hmwuu SE—
(@) equal to 8) &rectly proportional to
(€) inversely proportional to
12. The ratio of linear stress to the linear strain is calied
(@) modulus of rigidity (8) modulus of elasticity
(©) bulk modulus (@) Poisson's ratio
3. Theuhnlmduh.-tdnh‘qim-.—nl
(a) swress, strain and pressure (6) stress, force mnd modubus of igidity
(©) strain, force and pressure () stross, pressure and modhabus of sigidity

8) compressive sress, compressive strain
(d) shear swess, shear strain

(d) breaking point




lension. I i

2 m
that progerty of
[ AT i T N —

" e or fall of o liquid serface in & small
" vel of e mid. The height of rive or Aol (1) i the

@ = Angle of contact of the fiquid surface,
w = Specific weight of liquid, and
d'= Duameter of the capiilary be

- ﬂ- Dl:ll:qun..lnu.v.,-<, 2 .H“M"M“mml‘_-&-ﬁ-ﬂhn-:mdh
; Mdinkg/m’ Mathema force per unit area is called intensiy o - <y :
p=Pid
P = Force acting on the liquid, and
] A = Ares on which the force acs.
~ The imtensity of pressure at any point, in 8 liquid af rest = equal 1 the product of weight
by of the Bguid (w) and the *vertical height from the free surface of e iqusd (k). Mathematically,
pressure,
p=wh
expression, we see that the intensiry of pressure &2 any powt, m a liquid, is directly
of liquid from the surface.
The micnsty may be expressed either in N/ o, N/ mm? or in metres of liquid or mm
s also expressed in pascal (briefly wntten as Pa). such that
1Pa= IN/mf; IkPa= IkN/m? and IMPa=IMN /m® = IN/mm*

\gineering
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8 AND FLUID MECHANICS 133
L Heriwontall 3
Y immersed surface The 1o provsare norizontally immersed surface

inFig. 3.2, is given by e o i o

AT

Specific wesght of e luqusd,

Area of the immerssed surface. and

T = Depth of the centre of gravity of the

immersed surface from Sie hqued srface e eraed vaaca
mﬁmcnm&umhnldsgmdfunltndxumﬂ-mmd Fg 1l
2 Vertically immersed surface The ol pressare on 3 verncally enmerved sarface. as vhown

~ nFig. 33 s given by
P=wAX
and the depth of cemre of pressure from the liquid surface.

i = Depthofcentreof graviry of the mmmersed .
surface from the bhqusd surface. and Fig 33
= Moment of inertia of immersed serface about the borizontal axis
through its centre of grawity
1 dnclined immersed surfoce The ol pressure on an mciimed surface, as shown in Fig. 3.4
Liquid surtas
P=wAT¥ 2
of centre of pressure from the liquid surface.

3
-_.' ,‘::a"i
8 = Angle at which the immersed surface is
inclined with the liquid serface.
Curved immersed surface. The total force on e
as shown in Fig. 3.5, 1s given by

r-(P,,)‘»(P.)'
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39 Lack Gates

The lock gates are provided in aavigation chambers to change the water level in a canal o fiver
for navigasion. There are two sets of gates, one set on either side of the chamber.

In a lock gate, the reaction between the two gates (R) is given by

@
P = Resulant water pressure on the lock gate, and
@ = Inclination of the gate with the normal to the side of the lock

where

3.190 Bwoyancy

When a body i immersed wholly or partially in a liquid, it is lifted up by a force equal 10 (he
weight of hquid displaced by the body. This statement is known as Archimede & principle

The tendency of a Biquid 1 uplift an immersed body, because of the upward thrust of the liqu.
8 known as buoyancy. The force tending to lift up the body is called the force of buoyancy or huc-
Jforce and it is equal 1o the weight of the liquid displaced. The point through which the buoyant for -
is supposed to act, is known as centre of buoyancy. It may be noted that

(@) 1fthe foree of b than the weight of the liquid displaced. then the body .
floar.

{(b) If the foree of buoyancy is less than the weight of the liquid displaced, then the bad) w1
sink down.

3.11 Equilibrium of Flosting Bodies

The equilibrium of floating bodies is of the following three types:

: I  floating in a liquid returns back to 1ts erigimal position. « hen
“Mmm.uﬁ;meﬂhhhﬂnw

Unbdyﬂuiuh-hdﬁd—umhﬁ 0 its onginal
;—ﬂ-w small angular displacement, then the body 15 said 1w oe

u# m &,ﬂw new position and rerains at
uh&-—.‘nﬂa h.m;nhhdyuudbhm
neutral equilibrium.

ut which a floating body starts oscillating, when

r—v—

HYDRAULICS AND #LUID pcsiasscs
The conditions of -

138

TR g d submerged body are as follows
S No Equilibrium o=
condition
1 ) Suble 3 Sen sb
7 3 Unstable W hies
X Neutral Moand ¢

The time of oscillation ( T) '»h aating b

T=2 -
Vaz
where k = Radius of gyration of twe Sosting body about its centre of
gravity, and

h = Metacentne height of the Joanng body = GM

A1) Fluid Kinematics

The Fluid Kinematics 15 that branch of Fluid Mechancy whach deals wich the study of velocity
#dl asceleration of the fluid parncles without taking into conmderancn any forse of energy.

LM Raweof Discharge
The quantity of liquid flowing per second through 1 secuen of & prpe or a channel is called

“ discharge snd s measursd n cumecs (m’ 3) Mathemaucaily. Gscharge
Q=av
a = Cross-sectional area of the pepe. and
v = Average velocity of the lagusd.

]
]

It may noted that
) The velocity of the liquid is maximum at the centrs of 3 pipe and s susunum near the walls.
B) | m’= 1000 litres.

“dﬁmwy
le liquid is ly flowing Srough 3 pipe or a chaanel (whose cross
area may or may not be constant), the quantry of bqusd passing per second is the same af
‘I‘hukm«nnqwmuquohhdfb- Mathernatically,
Q- 0,90 = o g amEa .

~ Types of Flows in a Pipe
‘h"lufﬂvwnhlmldmm.‘h_n--ﬁh
th are many types of flows, yet the g T

~ Uniform flow A flow, in which the liquid particies at allsections of  pipe or channel bave
ocities, is called a umform flow.
WAAM-M&:WwHImmd-ma
“-lnbﬂ-.hcdhhmu-lw-b-

L Al‘hﬂ.h'hbuﬂh#pmdlblkﬂdﬂ#-dhplhuf
do not cross cach other. 1s called  stream line flow.

particies umie and move.

e abioet of view =
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ed © rentanmeter orifice meer
The Bernoulli's squution for 1 FR

=3l fuids i green by
8.8, .8 9. .
> " - }-‘ * el
n which the volume of a fluid and its density changes during B = Lossof
e flo L are considered to have compressible flow.
ncompressible e A o i which the volkame of fluid and it density does notchange
X All the liquids are considered to have incompress b

: meqrhmmtu—lul
. e Euler's Equation
.- & The Euler’s cquation 1n the dif¥erential form
dj
L pdvvndeng
]

.’whma{nthsgvuufn&“

Ny low, in which the fluid particles also rotate (i e. have some angylar This equation is based on the following ssscrmptions
R g. is called a rotational flow. (@) The fluid is non - viscous

«© Thﬂo-uconnnmmmakm'mm

733 'l‘h-eh:-ryofﬂwawfwmmu!h:!xh
m&—m‘nmnmnmmm&‘“
Venturimeter

R sany used the discharge f ligd Sowmg m 2 pipe. It consists of three
- h‘hmmmhumm_l\:h“&hwn
&bhmh-&nwdhm-:-*bmmd
) .-w_nﬂiqn‘i-dnmﬁnndh-s.lnqhmdu

185 The velocity of liquid at the throat i higher dhan that of infet,

- The pressure of liquid at the throat is lower than dat of sier

) mmumulmmuua_mm_
 Whe discharge through 1 venturimeter is given by

o-fﬁﬂ

€, = Cosfficient of discharge,
a, = Arcaatinlet,

Agineering



AND FLUID MECHANICS
€= Coeflicient of dincharge,
5 = Breadth of the orifice,
Hy - lbwwhln-nmu-uu.-mu
Hy = Fieight of the liquid sbove e bomom of fhe orifice.
) Di:h'pw-vhnlydﬁ:.

Q= CobHy-H) [igh
H = ihiﬁol‘-w(nt"-—lha

sbove the top of the orifics,
H = Mdmf-hh——m}m&h\n-dh
orifice, snd

H= Dufhmbﬂh—nw“.ﬂunﬁa{hm&u,
e © hmdb-vyhﬂmtu‘--ﬁ-htm

et
Cya

T Time sequired to empty the hemispherical tak through an rific & the botiom,
4 142V

the sades. of the mouthpieces, then the mouth
ST




W 15 MOre tha | bl e
5 less than half 9

of » weir, thos Be

-~ ol O

Is of the channel AMS
pih the waire. Ja msh

v.Engineerjg

Ilorum.gmn
b oo Y17
Igd
/= Darcy's coefhiciens.
I = Lengh of pige,

¥ = Mean velocity of fiqmid i pipe. and
d= Drameser of prpe:

e
; ﬁrh-d hdwmnnhnhm The mmor loss of head inclodes fhe
,“ I..dhdhnuﬂmnh_

8 =
Iy

; » Loss of head due to sudden contraction,

]

€, = Coefficrent of contraction.

] h hdhn--uur.p—.

A= G.J!ﬁ
Lows of head at the outlet of 1 pipe,

v
Ny
‘and Total Energy Lines
the sum of pressure head (/) amd poseneal head or datum bead (z)

line is hydraulic gradient line (.G L).
wh—dmu(ﬁﬂ.h- head (1) and velocity head




en he koss of hoad and discharge of borh the pipes should be same The uniform diameter (4) of
”mmv-mmmmﬂlwtuﬂmm
L2 5 Y
i B
where { = Length of the equivalent pipe = L+ L+t
A3 Pipesin Parallel
ﬁg—elrmnmo‘mmmlm In such a case
@) The rate of discharge in the main pipe is equal to the d v,
suom of discharges in each of the paralie! pipes. 1.e A
Q@ =Q,+ 0,
(3) The loss of head in cach pipe is same, ie.

Ay =R or A4 _ 4649
4 234, 2gd, L
3134 Syphon Fg 17
Asyﬁ_anh‘hmwmcmnectlwumzrvmnll different levels intervened
a high ridge. The highes: point of the syphon is called the summir. An air vesse! 1 proveded »
-m-uhnnulmmmﬁw
335 Power Transmitied through the Pipe
The power ransminied (in warts) through the pipe
= Weight of water flowing in N /s x Head of water in m

The power will be when the head lost in friction is equal t one-thrd
the 1otal supply head
The maxs efficiency of through a pipe is 66.67 percent.

336 Flow through Nozzie ot the end of a Pipe

A nozzie is 2 apering mouthpiece which is fitied 10 the end of a water pipe line 1o disbas g
mla*hhm&npﬂﬂhnﬁndmmm The power wransminc:d
through the nozzle i when the head lost due 10 friction in the pipe is one-thid of the i
wu-&*dkmm&nndn'dhmmfwmlru_uumofp-u-u

is given by
IIIT

where D = Diasmeter of pipe,
[ = Darcy’s coefficient of friction for pipe, and
- 1 = Leongth of pipe.
337 Wister Hammer

rest by closing the valve &
M.HMM.uthWHﬂh :v‘ntve.mthuﬁ

the end of then wave
ﬂ:—nrruawnu-mduwmw
is known as water hammer or hammer blow.

MYDRAULICS AND PLUID Mg sia
The magnitude of water b o 143
(g) The length of pipe line
(5) The clastic properties of e -,
() The elastic properties of
{d) The speed at which the valve »

338 Flow Through Open Channeks
According 10 Chezy formula, the mea

and discharge, Q= Ay
whers

m = Hydraulic

414, for curular pipe
hy
I
P scunling to Munning's formula, discharge through an opes channe
@=AdMm¥ |2
* M = Manning’s constant.
" B9 st Econamical Section of s Channel
A slanned is said 10 be mast economical if
) B gives maximum discharge for a given cross -sectional srea and ded shape
@ Bbes mumimum wetted penimeter, and
SR ineaives lowser cxcavation for the designed amount of discharge
The follow g points asc worthnoting
L The most | section of a s
] depth of flow.
2 The most | section of a trap
o half the depth of flow.
The most economical section of a triangular channed is oo which has 13 sloping sides v
“The discharge through a channel of rectangiuler secton 3 maxsmum when its breadth i3

Loss of head per unut lengmh of pipe

channel s one which has bydraulhic radius

dal channel = one winch has hydraulic mean
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& The depth of waser m a channe! (e h &

oding specific energy is known ,,

9 I the depth of water in an open channel is less

. T open than the critical depth, then the floy, |,

WL Ifthe depth of water in an open channel is greater than the critical depth, then the flow .,
cafied pamguil flov e
348 Vortex Flow '

m.wuﬂhﬁ—wummmmﬁdugwhw
suriace is depressed down at the wxis of its rotation and riscs up near the walls of the vessel o,
sdes. This type of flow is known as vorsex flow. It is of the following two types.

| Forced vorses flow In this type of flow, the vessel containing the liquid is forced 1o rou..
ahout the fixed vertical axis with the help of some external torque.

- F ﬂltj-v-ﬁ- In this type of flow, the liquid particles describe circular paths sh.;
fixed ] wihout any que acting on the particles. The flow of waser through -
hole i the botiom of 2 wash basin is e of froe vortex flow.

The following i=p ints may be neted fgr ypriax flow :

(@) When acylindnical vessel contedilig liquid is revolved, the surface of the liguid 1k s
shape of a parabolosd.

(6) The risc of igud along the walls of a revolving cylinder about the initial Jevel 15 52 10
the depression of the liquad a2 the axis of rotation.

© Thewonl e b R o fotely filled up with »
hiquid is equal to the sum of the total centrifugal pressure and the weight of the bguid in the vevsc!

{d) The sotal pressure (P) on the top of a closed cylindrical vessel of radius (r) compici’/
filled up with a higuid of specific weight (w) and rotating at © rad / s about its vertical axis s goc &

’_:m'?

(¢) The increase im pressure st the outer edge of & drum of radius (r) completely filled up «

ﬁua—d—-‘-ymu-‘u.m-bﬂ?.

(f) The tangential velocity (v) of the water clement having a free vortex is inversely progurins
1o its distance from the cenre.

341 Viscous Flow -
controls its rate of flow. due 10 cobesion and intersction between part i<
1 5.1 it th wsit ofviscouiy i M- o/ s C. . 5. i, xpressed n 5"

I poise = 0.1N-a/w o

We have also discussed in Art. 3.3 e i €. 0.5

s e M -
1 stoke = 1 em?/s= 10 m/5

R ——

HYDRAULICS AND FLUN MECHANr c

341 Newton's Law of Viscosity b
According 10 Newion's law of . B
e D0 s of Shoar swss. © Shear swess on 2 layer of & floid & dectly
The following important points may be nosed vo—
(@) A fluid which has no viscosity is known 5 = :
(B) A fuid which has & viscosity is known 35 3

(:) A ﬂuni w)’jﬂuscdvun;'rz Joes not change with the mwe of deformation or shear sorwm i
known as Newtonian flui

@ A ﬂ;‘idﬂv‘d?mc viscosity changes with the rate of deformusen or shear strain is known a3
Nown - Newton: s

@ A flow in which the viscosity of
Jaweinar flow. It takes place at very low ve "
A flow in which the inertia force 13 dominating sver the vesec
Ittakes place at high velocities
@) The velocity al which the flow changes from the lamnar Sew 1 e trbulent flow, o called
viieal velocity [t is of two types, t ¢ lower cincal veloairy ind ngher rocal velocty The velocity
o8 which the laminar flow stops, i3 known as lower ¢ y, whale dhe velocity st which the
swbulent flow start, is known as higher rruical velocin
@9 Theratio of the inertia force 1o the viscous force s called Reymald s sumber. The flow ina
inar when Reynold s number 13 less than 2000 and ow s tartulent when Reynold's number
e 2800 But when Reynold's number 15 berween 20080 and 7300, e flow 13 nesther laminar
B0 Mrduient
@ The velocity corresponding to Reynoid's number of 1900, & cailed lower critical velocity
e velocity corresponding to Reynold's number of 2300, 3 called magher cnuical velocity
@) The loss of bead due 1 viscosity for lamnar fow = pe =

iorumatmy sver e merua forca, u called

omery. 3 called nerbulens flow

cal

2
wd?
B = Viscosity of the liquid,
v = Velocity of the liquid in the pipe.
B I = Length of pipe,

d = Diameter of pipe, and

W= Spw.ﬁc-vﬁ‘lofﬂqu!_d
w nrhudh-dunﬁmnmmd-s-d-—'--m.mnom
-llll*mknhw'lm

mdmu--&:uw_,u_wu

s important. The following points may be neted for vissous resistace:
) wwummwdmh—--

Te l'!Nl‘
601
}= Viscosity of the il

H =
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N = Speed of the shaft,
R = Radius of the shaft, and
+ = Thickness of the oil fi'm.
@ Tongue required 10 overcome viscous resistance of a collar bearing is
I N
T= '.‘l:.h_{\n,\‘-m,\']
ahere R, and R, = External and internal radius of collar.
) The coefficient of viscosity may be found out, experimentally, by the following methods
() Capillary tube method; (i) Orifice type viscometer;

(i) Rotating ¢ylinder method; and (iv) Falling sphere method
@) The cocfficient of sty (1n poises), ding to the method of erifice type viscometer
is

F

p-[m r -%] x Sp.gr.of liquid

144 Compresidic Plow of Plulds
We have already d2 d that for an incomp le fluid flow, the total quantity of Now
different secnons of & pipe is same, Le.
=y =ap, = oy =
But in 2 compressible fluid flow, the mass of fluid flowing through any section of the pipe 1
Same, L.,

-y
a8, Py = 8Ty "0 Py
or o i e Bt b S T e e Sl v w=p
245  Velochry of Sound Wave
The velocity of sound in a fluid is given by
c=JKie
where K = Bulk modulus, and
p = Deasity of the fluid.
3.46 Mach Number and its lmportasce
The ratio of velosity of fuid, in an undisturbed stream, 10 the velocity of sound wave, is kiow
s Mach number. 1 gi imp formation sbout the type of flow. In general, the flow ol
fluid is divided into the following four types depending upon the Mach number.
(4) When the Mach nusmber is Jess than unity, the flow s called & sub-sonic flor.
(] When the Mach nurmber Is equal o unity, the flow is called a sonic flow.
) When the Mach number is between | #nd 6, the flow is called & supersonic flow.
) When the Mach number is more than 6, the flow is called hypersonic flow.

3.47 Seagantion Point 3
nﬁ-uuu.vuu“duhuhm--ﬂuw

HYDRAULICS AND F MECHAS

348 Flow Around Immersed Bodiey

According to New
body is directly proportic
The following poi
{a) Whenever a pin
[iquid, it is subjected 1o some p
the liquid, 13 known as drag an
flow of the liquid is known as
{#) According to Prandt] - E

R, = Reynold's sumber at adistance r from the leading edge
348 Typesof Forces Present in a Moving Liquid
The mmportant forces present in a moving liquid ar= & ]

$) Beertia force. 1t 1s the product of mass and aceleranon o

) Mscous force. It is the product of shear stress due W viscomty and the cross-sectonal
wwen ol flom

) Gravity force. 1t is the product of mass and accelarsbon S 4 gravity of a flowing liquid

@) Surfce tension force. 1L is the product of surface iemsson per anst length and length of the
warface of flowng hquid

() Pressure force. It is the product of intensity of pressure and the area of a flowing liqusd

() Edastic force. It is the product of elastic stress and the area of a flowing hquid
150 Dimensionless Numbers

The important dimensi. nless numbers are a5 follows

(a) Reymold's number It is the ratio of the inerta force | the viscous force

(8) Froude s number. Itis the ratio of the inertia Sorce to the gravity force

(€) Weber s numbser lllldnmﬁoal’hmhwhh-{sxmfwﬂ-

(d) Ewler s mumber. llhbnuoolh-huuhp—n-hu

(® Mach s number or Cauchy § number hih:-dt-’-uﬁ-hwuhd-n‘:w
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MECHANICAL lNuINH‘va,
ORJECTIVE TYPE QUESTIONS

L The per umit volume of a liquid at & standard temperature and pressure is called

- - igh ) mass density (@) specific gravity (@) none of these

1 3 ‘h*p&-ﬂmn{.ﬁqlidhnﬂdmlﬂrmrume
@ Ye 4 No
X The weight per unit volume of a liquid at a and py is called

@) specific weight 8) mass density (©) specific gravity (d) none of these

4. The specific weight of water in S.1. units is taken as

(@) 981 kN/m’ @ SBN/ () 981 % 104N/ mm? (o) iy one of thes
5 The ratio of specific weght of a Bguid to the specific weight of pure water o 5 standard
emperature is called
(2) density of hqusd (B) specific gravity of liquid
(€) compressibality of hiquid (d) surface tension of liquid
6 The specific gravity has no emits.
(a) Agree (8) Disagree
7. The specific gravity of water is taken as
(@) 0001 ® oo © 01 @1
&  The specific weight of sea wateris ......... that of pure water
(a) samcas &) less than (¢) more than
9. The density of » liquid in kg / m” is numerically equal 10 its specific gravity
(@) True (b) False
The specific weight is also known as weight density,

10.
(@) Correct (6) Incorrect

11. The mass of 2.5 m’ of a certain liquid is 2 tonnes. Iis mass density is
(e) 200kg/m’ @) 400kg/m’ () 600kg/m’ @ B00kg/m’

12, The specific gravity of an oil whose specific weight is 7.85 kN / m’, is
@os @1 © 12 @ 16

13. .A vessel of 4 m’ contains an cil which weighs 30 kN. The specific weight of the oil i
(a) 45KN/m’ &) 6EN/m’ (c) 7.5kN/m’ (@ 10kN/o’

14. The property of a liquid which offers resistance to the movement of one layer of liquid o»<!

mnother adjacent layer of liquid, is called ‘
(a) surface tension  (B) compressibility (c) capillarity (d) viscosity
15. Kinematic viscosity is the product of dynamic viscosity and the density of the hiquid.

@) Yes 1

16, The force per unit length is the nit of .
o sl OSSR R ) ot
17. The varistion in the volume of a liquid with the variation of pressure is called its it
(a) surface wnsion  (B) compressibility (c) capillarity el

HYDRAULICS AND PLUNG magcpinnne
B8 The property of s liguid which - " e g
(@) Agree e
19, When a tube of smaller diameter wed i
of water, ) . e water risey in the tube due 1o
(@) True Pales
20. When a tube of smaller Glameter is dipped in water, fhe water fises i the b n
w SS— ﬂl!f-\fl‘ . e w
(a) concave
. A glass tube of smaller diamcter is used while perfo
of water because
(@) it is easier o sec through the glass ube
(5) gluss tube 15 cheaper than 3 metailic tube
©) nnmmnbkmmﬁmﬂuu:xmvmumm. ey be
) ol of the sbove
1. The mercury does not wet the glass. This is due 1o the property of the Sguid known a
(@) cobeson (8) adbesion (€) viscomey ) surface wension
I3 With an increase in size of tbe, the rise or depression of liqusd = e 2be doe 1 Jurface
Emon vl
(@) decrrase (3) incresse
e} remamn unchanged () depend pom B ctaracienstcs of lquid
n Ahh:ﬂ'uﬂlld\u‘wm!d\w'wed:uﬂmd,mm:(*n or fall in the mbe is
ven by

= o called ity surface lension

v acosa dacos
=

i S ™ i (e
wnee w = Specific weight of liquid,
a = Angle of contact of the liquid serface, sad
o = Surface tension
3. In e masuiacturing of lead shots, the property of surface semsion  stilised
5 Apw (5) Disagrec

36 The surface tension of mercury at normal temperature s that of water
(&) lower than (c} bagher than

(@) same as
17 The unit of surface tension is

(@) N/m (&) N/m? © Niw? @ Nm
8. The viscosity of a liquid is due 10 cobesion of its particies.

(a) Comest (#) Incomect .
9. The viscosity of a liquid ... .. its rate of flow through a bole in » vessel

(@) effects (8) does not cffect
30. The viscosity of waler is ............ than that of mercury.

(@) higher #) lower
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Hydraulic Machines

The subject *Hydraulic Machines” may be defined as that branch of Engineering - science
deals with the machines run by water under some head or raiging the water 10 hgher levels
Tmpact of Jets
The following relations are important

{a) Force exerted by a jetof water impinging normaily on s fixed plasz,
9 y!
| $ L (in newton)
(b) ; - L

Specific weightof waterin N /m®,
Cross-sectional area of jet in m, and
W Ve‘ncllyui'm mm/s

Force exerted by a jet of water impinging normally on a fixed plate inciined at an angle 0

: ]
Fe =280 inT0 Gn e disscrion of Bow)
1

1
Fy= "";y x5in20 (ina direction nosmal wfow)
g

ajuofwwmmmdluvumemdm#c_—pﬁih.mw
) along normal to the plate

L xart (cosa + cos)
g

@ and § = Inletand outlet angles of the jet respectively.

uﬁbynjﬂofwmiWMnn#Mﬂuthd
direction of jet with a velocity v is

wa v
T J

dmmﬂm—-““n‘-bmoﬂu the
vanc is s

wal
- 221, -Fa) e
mdﬂlum-ﬂwm G

.
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43 Hydraulic Turbines
lic narbine is 2 machine whach b encrgy
' s known a8 wane perdines

e Rt o
y energy into

ing two types of hydraulic turbine.

A
The hydhamll
a7e ampormni. .

| Impulse marbine:; 2 Reaction turbine

In an impuise nerdine, e total coergy ot the inlet of a turbine is only kinetic cnerpy 11
pressure of water both at emtering and Jeaving the vancs is atmospheric 11 is used for high head ¢
warer. A Pelton wheel is 3 magential flow impulse turbine

12 3 reacsion-serdine, the total encrgy of the inlet of a turbine is kinetic energy as wel|
pressue encrgy It 2 wsed for ow head of water. The Francis and Kaplan rurbines are inward flow o«

sval fiow reacmon merbanes respectively.
4.4 Impabe Tarbines

The followiag impoetant points tay be noted for impalse turbines

(] TIrMm!srmnmc)ormsmpuhenlhmhlhmiodhhq-\dr-wmlhru'w

10 the encrgy of e jet
B) The bydravl efficiency of an impulse furbine 15 maximum whes the velocity of whee!

onc-half the velocity of jet of water at inlet.
€} The maximum hydraulic efficiency ol an impulse turbine is grven by
1+ cosg
=

¢ = Angle of blade tip at outlet

i_ﬂ The mechanical efficiency of an impulse turbine is
the turbine 1o the energy imparted to the wheel
(&) The overali efficiency of an impulse turbine is the ratio of the sctual power produced by

the turbine 1 the energy actually supplied by the rurbine
{f) The width of the bucket for a Pelton wheel 15 generally five times the diameter of jot

@) The depth of the bucket for a Pelion wheel is gencrally 1.2 times the diameter of jet

D

{4) The mumber of buckets on the periphery of a Pelton wheel is given by | =
Dis the pitch diameter of the wheel and d is the diameter of the jet '
- (0 Therawoof D/dis called jet ratio.
wﬁmwmmmﬂw Pelton wheel are six

45 Reaction Turbines
l‘hmﬁ may be noted for reaction turbines -
{4) Ina reaction turbine, the water enters the wheel under pressure and flows over the vancs
(6) The hydraulic efficiency of s resetion turbine is the ratio of the workdone on the whee! 1o
the encrgy (or bead of water) actually supplied io the turbine.

A ﬁ::«mW& i# the ratio of the power produced by the

ki ) ‘x“‘"wﬁmm*“b&iﬂmunmltrﬂﬂ

where
the ratio of the actual work availshle 5

v 1§
' whete

g Aumkmwhmmmdblﬂlnmgmm”!

LATSRF S
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46 Draf Tube

The draft tube is & pipe of pradus
 gresction turbine. 113 an ; :
j 10 have the press.

p | The efficiency of a dran

,“l-"“" of draft tube
47 Specific Speed

The specific speed of » tur
gven turbine, which develo

wne By nowing the

fer one mews head. Mathemancally,

80 2 turbine when the besd on dhe nurbine is unity

on, growth and collapse of vapour filled cavimes o bubbles i 2 fowing liquid due
8 Buid pressure is called caviation. The caviaboe @ a hydrssbe machine affects in the

cea the discharge of a trbine
sudden drop in power output aad efficency
in reaction turbines can be avoided 1 3 great extent by using the following
y installing the turbine below the ) race isvel
stainless stoel runner of the urbne.
highty polished blades 10 the rumn<t




- ESomen: sulanty is said to
Nt n shape 2 &%er cmly in size.

Tresponding powsts e cqual, then the model
) d‘mq\‘n‘hng forces acting

of them are

r'h;nmkngnhh
&re smd 10 have dyng !
Pump
’ ”nlmlncduphﬂmlp«w.-l-m‘h‘:llﬁh”d
of its piston or plunger which SXSCIES 4 moprocating motion in
lliﬂmlﬂlfmkndw:hug:lndhrvmhfn
- mpm!smybenohdfnrzheruip\x.“”
Nlmamm;yump.
Q= LAN /60 (inm’ / 5)
= 2LANI60
L = Lengthof the stroke in metres,
A4 = Cross-sectional area of the piston = =, and
N = s'uduﬂhccnnimq'm.
to drive a reciprocating pump 3
= wQ(H, + H,) (in wass) (Fox sngle selip)
= 2wQ(H,+ H) (1n wass) ~ (Fot dublaschng)
= Weight density o specific weight of e iqund n N/
Suction bead of the pump in mees, and
= Delivery head of the pumg in mewes.
o the teoretical drscharge uad . sciual Cachaspe i called the

rocating puimp is negative whes the suction pipe is kong and delivery
mp i3 runaing at high speeds.
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418 Al Vessels
The air vessel, in a reciprocating pump, s 8 cast iren closed chamber having an opening ot . 3. The force exerted by 2
hase. These are fited © the suction pipe and Selivery pipe close to the cylinder of the pump 11, gooves in the directior o wich due w th .
vessels are ased for the following purposes: Sy
T

(@) To get continuous sepply of liquid at a uniform rate.

(3) To save the power required o drive the pump. This is due to the fact that by using ., & Ajetofw
vessels, the accelerstion and fnction heads are reduced. Thus the work is also reduce perpendicular 1o the v
It may be noted that by fiming an wir vessel to the reciprocating pump, the saving of work a, {a) True
mbﬂ:{?\%hml-“l in case of a single acting reciprocating pump and 19 2+, . B A jot of wat
- 4 > X of water enters and leaves 5 "
double acting mriprocanng pump. mormal 1o the vane is phboaaet 02
47 Rydraulic Machis
The followng arr e m i i (@) = \cos a+
(2) Mydromiic E * i ¢ 3
PR s m:-l?-i::\hpuwwwmohLumr; . -
The efficsency of a bydraulic press is given by E s
o !‘1 whers . ol
P 4
wheve W = Weight lified by ram, ;-"\Q,!" '71_"1 ------- aves 2 8 uon
P = Force spplied on phunger,
A = Arcaofram,and (2 ‘,
& = Arcaofplunger Ve
@) Hydroutic ram. ltisa devi i o —
2 large quantity of water is ~'ttwfmf-”uwn:m—4—ﬂ'f'.'f'w""' e !
© o iple of water hamume: aners ¥_md ¥_, = Velocities of whir
Hydradic accamulator device used ; a b
supplied 10 hydraslic machines such ss Hh-"-'m-ﬂ"hﬁmf'" % The ssso of e aormal force of jet of water on 4 plate nc
(d) Hydraudic v I - when e plate s normal 10 et 18
mignzifier ldrvm_dlohu—h”dmpr..l.,v - g
) vl ® 12 w 42

m-;uvmﬁuuhpm.“.-.h_‘
3 Hydraulic crane. 1t is a device used
hﬁud—qﬁmmh‘;ﬂ"”l":“'ﬂvﬁumn

B Ajetof water is striking at the centre of 8 curved
metion of jot. For the maximum ¢(ficiency, the vane v

(7)) It is & device
-ﬂﬂ.hl—ﬁ*ﬁ;.ﬁ_ used for carrying persons and loads from one floor ) ome-half (5) one-third
OBJECTIVE & The primciple of jet propulsion is used 1 dnvin
L The fofce = mm & @) Comect {
way i mally on a fixed plae is g I8 A ship with jet propulsion draws water through mict onfices s nght angles to the dirextion of
(a) 2z ©®) _:_V @ wak? wer? 3 8 motion. The propeiling force of the jet is
where ' £ 2 T 3 wa, wa, e 3 wa, 2
m-mdmhmd_ 1 @ ) ) —= ") ey ) MT{V' -4
o sl i 3 ’ !
/s & where a = Arcaoflthe jet,
L The force excried by ¢ of " _—yr
-chdn.-.j,g.‘." Jet '_&'mmbbﬂ“-.hdw ¥, = Relative velocity of the jet sad ship= ¥+,
y ¥ = Velocity of the ship, aad
¥ = Velocity of the jet usuing from the ship.

.
—— xginf -u’. 1
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: iy =nes which dealy with the energies
o3 the coms © of Bese eacrpies m rerme
M-ﬂhtfﬁ‘ﬂh‘mnwplh:-. S b YE I

odynamic system may be defined a5 drfiaue swres or gy pace where some
process takes place. It may be noted
anything outside the boundaries o c

Beclassified into the following three groups

ystem. This s & sysiem of fixed mass whese

substance occuped in In 2 closed svsmem, 3 st work cross the boundary
there i no addition or lows of the angial s of Be working ssbstnce. Thus the
*-u-hx!\mpn-alh:ryum. 3 fimed.

Soendanes ae devermined by the

I this system. the working subvarce cmonse he boundary of the system.
may also cross the boundary

gystem. 11 is & system of fixed mase and 5o heat or work cross its boundary.
a System

B of a system may be identified by certam shseraibie quantines such as volume,
e and density etc. All the quantities which «denufs the sate of & syséem are called
jynamic properties are divided mto the foilowmg nwo classes - ‘
properties. mmum_--*suq-q-.
£ I_ﬁtlhiudivihllp‘qu-.-—-ﬂm
total mass and total energy of 3 sysem are extemmve properties. 2

7 for the entire system.

properties. The properties of the system, whose value

'-umﬂmmmw—an—-’uﬂm—

mm&q_“m

1 from point 1o point of & isolated system, the
oz e o
.-mh-""‘"'h".-' .

g A
Jaws of thermadynamics bodies are in thermal
This o s Sl ot
- 4




| AUl perfect gases chawy -, | g ; 209
in temperature o f mal vedume o1 0% C for
Volume
¥, = Volume

10 the above

= Absolute

deration wili show, that the v
for every |

p urme = decreasmg by |/ 173thof s
C decrease in temperanure St at a temperature of
of the gas would become zero. The tempersturs = whach the volume of a gas
absolute zero iemperarure.
Lsssac faw This law states, “ The ot

3 proen maxy of @ perfect gas
e absolute temperature. when the v .

Mathemahcally
peT o 2 - Comsant
? - ’;_7- - = Constant
v h
and . r~fer o different sets of conditions.

2 perfect gas, the values of pressure and rempestae = oxpessed abuolute umits.

nsopveummmum-ﬁh-m:;
Bulmmiptun(:.ﬂihh-rdh;r.m.v.
- simulatagcously. Inod:rwddmanlwnﬂ_umlnhvlﬂ
.wn'n:hp'v:uu;a
s law

1
| L
v

law

vaT

T
-u%wru e

waT o pv=CT :
*.,...._-inn-d"l"""‘f"




m
L3 proatiect

n kg-mole, and

s end R Ry Ry e wre

Beat of 2 substance may be broadly defned 35 Se wmewnt of heat required W rase
umit mass through 1* All the luquads and soluds v ane speaific heat oaly But

sy number of specific heats (Jying Setwees 2o and afinry) depending upon the
wiich it 18 heated.

the two types of specific heats of s g

heat at constani woiume 1t 13 the amowet »f sem wguared 1 rase the lemperature
through 1*, when it is heated at a comstant wolume: s generally denoted by ¢,

m = Mass of the gas,

d to the gas at constant volume.
@ = Mass x Sp.heat at comstaet valume « Ruse in temperature.

- la heat encrgy is utlised accessing tbe mpershirs and pressuce of the
"::b:nnor'un:ﬂ'—"""""-"‘"
/i intemal energy of e g5

PE= il
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Q@ = Mass
: :s'hmuummrex Rmmu-mm.
‘henever a gas'is heated i P 3
ata
. . Coastant pressure, the heat supplied 1o the B35 is utilised for 1,
L To raise the ;
i — :-o-ed-:s: This heat remains within the body of the gas. 5ns
“Prescats encrgy. 'y increase in internal energy, "
2 Todo - -7 .
© do some external
:rkdnm‘ expansion. Mathematically, workdone by the gas
el =pvy=v)) = mR T,=Tp

O, that the i
specific heat at constant pressure 18 higher than the specific he.: ,

constant volume.

Note. :mnwhﬂllm

called volumesrsc or molar specific heat w2 U iplicd by the melecular mass of 1 gas (vr)

: ;:-namgmsﬂmudby:_ Munthematically
513 ﬂzﬂ_lﬂw_svu:l::ﬂnk"
The 3
: ::o—qmbuwm.memmciﬂrhuu(h,c'ﬂgnw
&ﬂumdmoqmnﬁcmuuqudmpmtnu
€ -c,= R

2  The mtioofiwo heats (L
specifi
S wChis 3¢, o (Le.cylc)is known as adiabane imdex and it is represcaic.
R

We know shar 6 =C,= R or E’—-h—
€, &
% 1=+ X
Sincec, = 4
A d-mmht,,mduvﬂud ¥ is always gresier than wnity
Note : The value of 7 for air is 1.4,
5.14 Thermody P of Perfect Gases

The process of h‘qwm&ud-phﬂﬁndulw'-m

_ . 1t has

mﬁ“anhhpﬁlhmmdmﬁ
pressure, -lt:uﬂm. specific energy, specific enthalpy etc. The following

th 4 .

moted that this process is governed by Gay-Lussac law,

Now consider m kg of # certain gas being heated st # constant volume from v
#n imitial temperature T 1o final temperatuire T, This process is shown on the p-v Ry
lie pressure-volume)® diagram in Fig. 5.1 f g

STy e i that the dres below (e pov disgram of b , e work dowe
- pripestosel s p-v diagram of & thermodynamic process represents

W also know that b

% Heat supphed

know that hea

i internal enc

jame during the process or by the e >

megecind by the gav

o imtemal eneryy. U,

‘on the gas. p v
Myperbolic process. A process, in whih
of its pressure and volume (Le p X~
is governed by Boyle's law, Le 2
\during the process, we get a rectangular 0
process, Its practical application 13 15

Constant temperaiars proces
rking substance remains constant
pe process or bothermal provess Thes w
contact with the surroundings. =2 :
bl"lh:gmhmml work done by, of on the g8 respectively

ded in such 3 way that
1 hyperbolic process
aph for pressuse and
process 18 known a4

ssed below

Foocess a5 &
the temperatute

on 3 SOMPrESSIC jed @ comstant
cpen when I working subsiance remaind m

e heat ‘sucked in” of squeezed out’ 1
1t s thes obvicus

A process. in
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Wekmow ihat @ = U/ « W, - W
Hence during isothermal expansion of a gas, el
Heatadded = Work done by the gas
Swmilarty. during isothermal compression of a gas,
Heat subtracted = Work done on the gas
A ke comsideration will show that "
mmm_dlm“‘::mmmu;nnmdb, Boyle's law. Thus

Now consider certam quantity
by the curve l-!-n.. 3 of aperfiect gas being expanded isothermally, which is show

Let

¥, = loral volume of gas, 7 .
£, = Initial pressure of gas, T

v, = Final volume of gas, and 2
P = Final pressure of gas. 2
o done duning pansion is given by |
sz = Area under the curve 1-2

otharm e
s manion
curve

Vonme “y
-nnb&[ﬁi]-uawh[i‘] rg 19
nu-nru[‘—'l]-u-nru[—:] Ean=nn)

Ingeseral. W= 23pvlogr=23mRTlogr
| where r is the cxpansion ratio (when gas 15 heated) or compression ratio (when gas is conled)
i o, o Yolumesi theendof expansion
Hetapicng Expamsion 0. £ = ] okume s the beginning of expansios
c : Volume at of
L pRes o Volume at the end of compression
‘ : % Mpw-ah-rﬂm Amh-ﬂhmm:
| wbithoer 85, during its €XPANSIOn of compressin 1 - 411
'“mﬁ-lhm-hhw substance remains thermally tnsulaic!
50 that po heat process. It is thus obvious, that in an adiabatic process

L H-hnh-nn-lﬂp.

2 : temperature of the gas changes, as the work is done at the cost of internal enery:.

: ‘rhd-phl-d—,haﬁhbntu

We know that ﬂ“'ﬂW” o dU=-W A Q= ®
Minus sign indicates, that for increase in interna ergy, work must be done on the gas (ie ¢
-n—':uunmmn- ease in | work must be done by the
gt el

P ; 4 e !
.AM“MD“I’W.““

The workdone during -

§ ) For adisbatic proce

@) Sincep,y, =mAT andp ¢ =mA

& Polytropic process The
and compression of gase

e general law for the

depending upon the
i which the expansion of
may be expressed by

¢ varous equations for poly

process

mstant) is given by

1 ' -1

When n is less than v . then hewi is aheeresd ™ B g
When n is greater than 1 then heat 15 repecesd by

3 froe expansion occurs when 3
wnresisind expansion) process A
o wﬂpdh"&s'" Iy into a vacuum chamber &un;humrnvf large :‘-,_‘mem.
- ; pected sad 20 uw-n!-wmm Hence the
o bcnhodumunm-lhdnm




ENGINEE 1,

| & aperture of .,
18 termed as thro,

{processes). wh
ditions are
1 oF processes of cy
gl figure. each operation he
area under each cur
leach operation, there!
sycle will be giv
dedinFigS 6
OF compression) 1l A cycle, which req;
ng values of # are impor, o

R s W JTECTUOR, reveriey
X ywn a5 3 rever

B s, there should b
f beat due 1 friction. radiation ot o 2 de reversible if all the

g the

‘o a reversed cycle s eg
the cold body to the hot body
and temperature of the working csbemance st pot difffer, appreciably
those of the surroundings at any siage = e
the processes, laking place 1he < ycie of operane
sworking parts of the engine must
should be no loss of eperey duar

e
. must be cxtremely slow

mmmhﬂm
Mllkﬁdh‘hn




© wold ot clove

bcwn by 4 -t mF

= mR log, ~(T.~T;)

Work dose ﬂ"ﬁ—?r
¥ N = Heat suppised =il kg,

5.:.&.;--:1

The smpie resson
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m

Berwoen the wmumdh“ﬂmh
Whﬂu-nmumc-nmmm
mnhmmuw“hwu &
5.21 Stirling Cycle —]
= This cycle Was devised by Robert Stirling in 1845 which consists of two isothermal Procese. |
and two constant volume processes. The last two processes are performed with the help of —
regencrator to mhmiscyvhmibb.mr-udﬂ:diumoflhucy:lem: shown in Fig, s 5 ; e
(@) and (5) respectively :
N v, v, —
t Vokime (v) — B
[ (a) p-vdiagram
E "
i jeyele consists of two co .
H e a
T :
L r
—— Entropy (5) — 7‘
Fig. 58 BL e, R ®
- _mdﬁ:‘acydlheuixlingcnhilsnmenﬂmof&mmcycle.This due to the fact that this
cycleis b d all ible cycles have the same efficiency. W that reversible adiabatic o isent
> L _[%)" (e
522 Eriesson Cycle L {v\ ) \n
? { 1 tf‘____ 3 iadiabatic or iscntropic compression 4
£ § E:[L]F :Iﬂ . i)
3 h <] \ A/
a2l 5 .
€ tions (if) and (iii),
o ‘ B o7
- = T R o . | = p, and g, =
l ! T = T or ho % (2 py=pyand py=p,)
- ——Enlopy (s) —» v-1 ( .,‘J
. e
b oty (6) T:s diagram. .V.L] ey
ists of two isothermal and two constant

devised by J. Ericsson in 1840. It

vand 75 diagrams of this
used in closed - cycle gas
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on is thatall the heat 1 1,

CqUALIOn, (iv) that the efficiency
increases with e comprey

= Total cylinder volume
———L T Wolume

Clearance solume + Siroke volume
= ——— 0% ¢ Jiroke valume:
Clearance volume

Clezranc volume
Stroke volume
- —c

: e attain a highes thermal
et o

B iC, & CONSLAN! pressure.
mﬂﬂw‘”w'“nm-




 circulated within ihe

ber

the help of circyty,

turhine
and cooling of u kes pi

pressure closedt Cycle gas ruriy;
$.154a) and by respectiv

tpansion of air in the turbene. Semadarty. e process 14 shows conling
in cooling chamber Fisaily. te process 4-1 shows isentropic

Samduste” chamber




whine is ais o —— Birbine o ,
ot This trbine also works on Joule's eycle -
Plant

ined ﬁmhhhkhﬁlhﬂl SUpplieg

nJoule cycle is shown in Fig § 15

) s the matia of
mpression. Maih

asmple gas turbing Can be norrssed @y TE cicwty metody
e 2it i rwo wages w1Mh in tecogier Mmwee e teo
the B0t MiF in fed stages with § reheser setwess S wn

exchanger through whech ot gases Tom D tarihee e Tade @ pass which heat
entering the combustion chamber

defined as 3 substance (contsmng mos's caren and hydrogen) which on

(i) and (0)]

due 0
and 123
1" shows tb¢




Coke is dull by,

n has 8 higher calor:

of Fuels
(oriefly written as C V) or deat vaitse - 4 sossd 1 s facl may be defined
out by the complet
orific value of gaseous
pressure.
two types of the calonfic value
calorific value The smownt of best seumned by the tomplete combus-
the products of its combusten = oo ied down 10 the temperature of
i as 15° C), is called the grass o ingher calorfic value of fuel I the

It s expressed n erms
pressed i terms of kJ F o’ at »

| h-nimmmemmwmxuhmw»u

as Dulong s formuls.
33800 C + 144000, - 3T0S U ‘g
hu-dmm-d-wﬂull(ulhlulu
M“eﬂﬂ with
while finding the calorific value

%).mumu
uu-um\dwwbnﬁﬂ

’—m,.‘u_l-dﬁhl




e with on g,
$+0,
Tmol. + | moi
Ikg+1- 16 kg
1 Tkg+ | kg -
1 kgof sulphur =i,

2H,+0,

2Vol +1Vol
Al combinario, of

2m’+ Im' -
Bkg+ 1 =32k = 2+ 131y"
hpnﬂn.m_. hll“ll:*""gsq
equation

of e o e
hydrogen requ of o produce 1 volumes of
(By vohurme,

1 kg of hydrogen requires § kg of

argem s roduces § kg of water o

By mass)

€M, +20,=C0, + 2H,0
1'¥ol + 2 Vol =1 Vol + 2 Vai |
I T . P | 1By volume}
2% 32kg = 4kg + 2x19%g"
11 9 i
. .I‘wi- kg+z kg ]

+3m’=2m’ +2m’ ]

; I.:-er""'
- S
e » mﬂ#"“‘

1/ 7kgof

unu.‘-’l‘#




IC process
18 One In which heyr
does not cr

is one in which

i crowses the boundary of the
MOt crosses the Soundary of e -

1
werking substancs crosses e s )

crosses the boundary of the o= ”
iand work as well 15 mass of the «
mnd work nor the mass of he aory - : 5
meither the heal and wo working substan

system

fy of u thermodynamic sy
i transferred r T -
15 utihsed @ some of these

.:‘ property of a system is said 1 be s mense rpeTy ahase value for
Lt sum of their value for the sl party of Be sysiem
) sootepai®
. whose value for the entire sysiem i oqual fo e 1um of thair
of the system is called exwasve preger™y
» N

the extensive property of 3 Sermadysamc

3

syssem
(d) Density



Steam‘ Boilers and Engines

A steam generstor or boiler is, usually, a closed vessel made of steel. Its function is to ransfer
kwmh&Mofﬁul(»lid.lm!d«mm)mmw.mdulnm.m:s
generaie steam. The selection of type and size of a steam boiler depends upon the following factors
L The powes roquired and the working pressure
2 The goographical position of the power house
3 The fioel and water available.
4 The probable permanency of the station.
5. The probable load factor.

62 Classification of Steam Bollers

“Thomgh there are many classifications of steam boilers, yet the following important
subject pomt of view: * o e

L According to the contents in the tube

{2) Fare tube or smoke tube, and (b)) Water tube.

In fire rube steam boilers, the flames and hot gases, produced by combustion of
wuﬁﬁﬂs(*mﬂh-'m)wﬁﬁwmbymwdh::

e ical boiler, Cochran boiler, Lancashire boiler, Cornish boiler, e
boiler, Locomotive boiler, and Velcon boiler. g

lin waser tube stzam boilers, the water is contained inside the tubes (called water tubes) which
m-n—ﬁbﬂ,-:dhmﬁmmm.ﬁwhdwmw“ Babcock
and Wilcox bedler, Stirling boiler, La-Mont boiler, Benson boiler, Yarrow boiler and Loeffler boider

2 According io the position of the furnace

(a) Internally fired, and () Externally fired.

In internally fired steam boilers, the furnace is located inside the boiler shell. Most of the firs

‘tube steam boilers are miernally fired.

hm—!;erd‘-JwMav. Ileﬁh:nuh-mpdmdmnmhlhkk-m selting
are fired.

3. According to the axis of the shell
(a) Vertical, and (b) Horizontal
In vertical steam boilers, the axis of the shell is vertical, whereas il is horizontal in case of

BOILEAS AND &

In multitubular sieqm . i
8 According to the m
(a) Naturs
In natural ¢
gh are set up during the he B
a al puaimg
™

& According to the u

(a) Stationary, and (5) Mobile
e statlonary steam boilers ace
stationary because
The mobile steam boilers are e w . . 5 aadas Wheooo )
¢ and marine boilzr 3

1 According 1o the sour

of other chemical proceises, elecmia 27 o suclen ey o
Shmple Vertical Boiler
Asimple vertical boiler pr
llow power generation or o where space s limnted. Thas ber s & cylind
anearly cylindncal the top to al

of the steam 10 the su The fire bax et wih owa or more mekined er
e beating surface as well 3 to improve the acon of water
Cachran Boller or Vertical Multitubulsr Boiler

tubular dosders. A Ca ber i3 consadered W be

am 41 1 low pressure =t o small quanabies. [tis, t
tind

iler

Thas bosker consists of an cy she sex The shell and fire box are both

The hemispherical crown of the bouer sheil grees maionum space sod strength 1o
the pressure of steam inside the boiler The bemispherscal crown of the fire bux is slso
for resisting intense heat The firz box amd Be combustion chamber is connected
& short pipe. The flue gases from the com hamber flow 10 the smoke box trough o
‘smoke tubes. These tubes generally ha mem casormal drameter and are 165 w0 number
es from the smoke box pass (0 the atmospbers Bhrough 3 chamney The combustion chamber
ined with fire bricks on the shell side A manbole neer te top of the crown on the shell is provided

‘Scotch Marine Boiler
-hmhiblvf!hrmhuruﬂl!}wnmﬂihmnmh,mﬂh},_m
pactness, eliciency in opersion and their ability 1o use any type of water It does not
wark setting and external flues

& drum of diameter from 2 § to } § mewes placed horzontall
o double ended '!'hlifurbclu”ﬁcmdrdnembmk'ﬂurbeu;*.-

y. These sicam boilers may be
1.5 metres while
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fow donble ended upto 6§ metres. A single ended boiler has one to four fumaces which e
nter fro
framt end of the boiler. A double endied boiler has Barmaces on both of its ends, and may have fumarri‘;

&8  Lancashire Boller
hinmﬁ-—yﬁvmm fired, hor 1iih
d natural l boil
S . boilers have a cyl Ias:‘:“

mw;\-.ww“ &
I

diameter about 0.4 times that of shell tler i set in bri i g
e “&m:h:mr‘:mlaummmkwodrmm.um!nmm
&7  Cornish Boiler ‘

lh-Thlmbm?tmnllmh.nceplmaeitmlymﬂuruhfm('nrn-m
‘*—ﬂ_ "":l = igt.Tb:dunmnme'uhbmlerumﬂylmlo.’mnmtm
; IlI.i!v-: fom S JmThelhmuurmzmbem-ybubumoﬁnmlrummwu The
| capacity mmanﬁ:mhhboilerhkmucompud!oLuu—uhrzhu-kv

68  Locometive Boder
!'-nll-h-mauhmul. internally fired and mobile boi
g e, ly mobile boiler The principie feature of i,
Iu"luﬂhlmlhl\fingl5medﬂmw4
2 metres in length. The coal s fed
m%khﬁ#h&zdoumbmmpn.mnwmfmm&r-m‘:ﬂ;s—d
hlhﬂ“.ﬂhhﬁkufﬂnl’nhxnmyhukd'ﬂarmﬁwuii?tmum fie
ﬂumi—ﬁat}ndzuhickor crh i
“h‘hﬂamu-mc'bm mmmmmumw
&g]‘hhﬂn—fsmmrdthmbu.whichuhuhdlpbyhlhpum'u.‘

69  Baboock snd Wikces Boller
lh#*ﬁu—ywmmbehoiia In this boiler, the water
£ g tubes ase wclined
uﬁ-—d—n&:m&ehadamﬂndawnnhbuda Each row nfh::u-
m-ﬂ-hﬁn-dha:mplmlyol'm fows.

6.10 La-Mont Boller

u-ﬂut—c-'—s-—uummmmmum;m-mmnm

This prevents the tubes from being overheated

‘ 611 Boller Mountiogs

| m-ﬁn”uubﬁhmiummuhhutmm
f Mu-ﬂhﬁ

& lh-i-_mwmwhum.wmhmmm
Atin e safe Qh.q‘vtﬂﬁemmlvnrﬁn.nfhbﬁhmm

g are generally two in number.

i8 used [0 measure the pressure of the steam inside the
it"l—umuylndnufw

BOILERS AND £,
; 25

of safety valves
(8) Leversmafety va
(B) Dead weig!
{e) High steam and low o
{d) Spring loaded safer

It may be noted
boilers. But the

4 Steam siop v
part of the shell b

fa) To control the flow of

) To shut off the cteam

& Blow-off cock

@) Toempty the botler wher,

T8 discharge the mud, scale or sediments which s sccum TR
botler

& Foad check valve 1115 3 non- =
8 regulate the <wu “

st have its spindle |1 fted be for=

level of the bosler

B Funible phug. 1 s fitted 10 the crow

fumace of the bovler when the les

benplosion which may take place due 1o o

Baller Accessories

These are the dovices which are used 15 integral pars o€ 4

smportant boiler accessories are as follows

K. Food pump. 1115 used (o deliver water to the boder 4, 4 wmp may be of rentrifugal type
g type. But a double acting reciprocating pume = commonly used a4 3 feed pump these

below the

a W0 put off

e %ils 1o an unsafe limut, and thus

% o1 e fumace plate

i i running efficiently

-

3 Swperheater. 1tis an important device of 3 seam generatig umit. Its purpose is to increase
of saturated sicam without rusing s pressare. It @ generally an integral past of 0

18 placed in the path of hot fluc gases from e Samace. The heat, given up by these flus
1 in h the steam. Such whnch are mstalled within the boiler, ane
& integral superheaters.
~ 3. Ecomomiser Itis adevice used to heat foed wams by utihsing the beat in the exhaust flue
deaving through the chimney. It improves the sconomy of the steam botler. Following are
of using an economser

{8) There is about 1§ 1o 20% of coal saving

(8) Itincreases the steam raising capacity of a berler because 1t shoriens the bme required to

‘convert waler into sicam.

o
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) & prevents formation of scale in boiler water twbes, because the scale formed in the Joller Trial 287
mh&-mud—-ﬂ—ﬂy - abjects of 3 boiler wriaf 5o
“@ Shn&hd-mhbmhbh«.mhumimduelnuneqvulnpnmmn {0 determine the generating o -
i I To determine the thermal efficiency of e s Y
613 Boller Performance {5 prepare beat balance shest for te sie. o
The performance of a stcam boiler is measured is terms of its evaporative capacity. The 1
. apacity of a borler is the f water d or steam produced in kg /b. It may In & Bofler
th-h‘unf!\dm«nm /m* of heating surface. 3 are the heat losses in 3 bojler
&.14  Equbvakmt Evapocation Heat lost 10 dry flue gases
lnbm—dwmewaunmrcw:’wmedumarymsmumn-, Meat lost 1o moisture present in the .0
n-nn!urtcw-nqha:m(l.ﬂlhx) Itis, usually, written as “from and at 1007 | Heat lost to steam formed by comb
hh—u-Mumwlmmm.irmmwly latent heat at normal atmo. Hent lost due 10 unburnt carbon in 4

PrSSSErS. I Somvert it i Steam at temperature 100° C, The value of this latent heat is taken a
22257k 7kg Mash Ry, oqut jon “from and ar 100" C, i -huumvplemconbmz-m.«,r:w., % caron memside
Hent lost due 1o radistion, o

. hg(h-h[,)
257

whers - o= Mduumllymuumwmu"" 3 "rm"""’“"“’b"“"*‘"“m The swem cbjeen of producing
! kg / kg of fuel burnt, e -
[ & = Total heat of steam in ki / kg of steam, and n adequate supply of sir for the foe
£ &= muurﬂ._mu,ngm e gases of combustion from
ge these gases 10 the atmosphere througt
may be of the following rwo types
draught. It is the draught produced by & chimsey due 1o @

b-k
l&kﬁha—_fﬂ hbnnﬁnanwndilhuwmmlumruw benlers
| 615 Boller Efficiency

l-,ulf--t:nﬂoofhumﬂywhmmmhmmrhumw he ot gases inside the ch ¥ 20d cold stmospher
the fi k= also ke as thermal efficiency of the boiler Mathematically, bosler efficiency o«
i (or artificial) draught It is the draughe peodiaced by 3 fan, biower or steam

‘mechanical draught 18 provided, when natural drmugh is nor sufSicient [t may be

- Heat sctually used in scam _ m,(h-hy)

Heat liberated in the furnace c

dha-mww)uphndnhndu‘h-

e before they emter the

- Imdmmnynwﬁwmu-mmwl;n;ur ! bh-.umdﬁnmmumumuuwmdwn
g foet, and b air W into the grate through the closed ash i, e dramght srodhuced i foen fmram
. M m.hhmpﬂmhl_f.a_am:hﬂ-quhsim-ﬂn
i M'llun"lnlmk.llk[dhnl. W\-hl-nm-qﬂu--uh-“-&nw-duchfnn'
- o= 'lﬂ-d-rwmuunl.ulq.-d s the llh-uhndnn-md-.n
™, = Massof fucliokg, . .
- iy dh lﬁammmw.mnwmm, Since

“wbﬁd&d’hh&'swwhuhh
draught

b“mhh-hmhm—mhw
lu-_efﬂ*ﬂﬂm‘ . 1t iy usually expressed in
Y, draught pressure,

1 1
P mk{ﬁ‘%J mem of water
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where M = Meight of the chimney above the fire grate in metres,

m = Mass of air actually used in kg / kg of fuel,

7, = Absolute temperature of air outside the chimney in K an

Iy = Absolute temperature of the flue gas inside the chimney -
Notes : 1. The shove aquation gives only the theoretical value of the draught and 15 known a5 ¢

3 Thedrught may also be expressed in terms of column of hot gases. IF /£ us the heighy -
the hot gas column whach would produce the draught pressure p, then

IS =) .
_— K
 CaliBT Tl

= d)
- el )]
3 m-\-hqd'Mn:h_;;hhm_haulhmnuf metres
ve g = 43 I

4 For the height of hot lumn p the draught s ecusl |
e chimncy, ie H = H.
5. The draught pressure for maximum discharge is given by
. 176.5H
" T‘md-m
626 Steam Engines
In all sicam engines, the steam is used as the working substance These engines op-
wpie of First Law of Th d ics, L.e. heat and work are mutually conyertt
C i <h. work by ihe reciproca

engne, as the heat energy in the stea:
o) motion of the piston, it is also called recip ng mgine M.
e fiuel takes place outside the engine cylinder, it is also called an exsernal combusi.

a8 the comt

621 Classification of Steam Engines
The steam engines are classified as discussed below:
I According to the number of working strokes
(@) Single acting stcam engine, and (b) Double scting steam engine

When sieam is admitted on one side of the piston, and one working stroke is produed (Lo

of the crank itis said 1o be & single acting steam engine. Bul when the siews
admaticd, in turn, on both sides of the piston and two working strokes are produced during el
-@d&nﬂﬂ,ihuﬂdnhahﬂ.m’u steam enging. A double actng 3<a"
v*“‘.mh“mw.wmnmmuu
2 dccarding t9 position of the cylinder
(a) Horizonal sieam engine, and (b) Vertical steam engine.

8aid to be a horisontal steam engine. Bul P!

A vertical steam engine requ e 1<

RS AMD £ 4

According 10 the

Mecording 1o expan

"8 Simple steam engine. 104

e enginc speed 1
jpressure of sicam |

by cants ’
Mecam engine

Purts of a Steam Fngine

Steam supply

A Sleam engine are discussed 13 beiow

tog steam engine The



mfuul-l
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o

I Frame Ilu-h-rym-mpmuhnhlwpemnll_ﬂululwmryu well &g
parts and holds them in proper position. I1, generally, rests on engfne foundations

2 Cyiinder Itisalso a cast iron cylindrical bollow vessel, in which the piston mo.
fro under the steam pressure. Both ends of the cylinder are closed and made steam tigh;
stoam engines, the cylinder is made an integral part of the frame.

1 Swam chest It is casted as an integral part of the cylinder. The superheated ;...
Bagh pressure (sbove 20 atmospheres) from the boiler is fed into the steam chest and it then, .

d and

the inlet port is op

10 the cylinder with the movement of D-slide vaive. : essure of the stea

4 D-slide valve. [tmoves in the steam chest with simple harmonic motion 1rs
exhaust sseam from the cylinder at proper moment.

S Jmiet amd exhaust ports. These are holes provided in the body of the cylinier
movement of steam. The steam is admitted from the steam chest alternately 1o eiiher
ylinder Srough the inlet ports, P, and P, . The steam afler doing iits work ip the cylinder
“roggh the exhaust port.

& Pusmon. It is a cylindrical disc, moving to and fro, in the cylinder because of
pressure. fis fanction is 10 convert heat energy of the steam into mechanical work P,
ihﬂinufﬂhumhhp&mthimuupmnnm

7. Pistom rod. It is a circular rod, which is connected 1o the piston
cross-head 1o the other. Its main function is to tranafer motion from e pint
bead

& Crous-head Itis a link berween the piston rod nd comecting rod. It funciion
motion: of the piston rod and to prevent it from bending.

8. Connecting rod. It is made of the forged steel, whose one end is connected |
Ml-ll:uﬁnﬁ:mk.luﬂum’uhmm motion of the piston

n mkibnﬁnmdunﬂehvﬁ‘am The crank work
r‘-*dpnhnummﬁnn{ﬁemmmn-wmm
the enpmne.

n Mhhmmﬂwim,ndnhdhmmwun hs
= provide recaprocating motion 1o the slide valve.

2 E d and rod. The d is made of forged sicel, w hose .c
ﬁlhh.-kﬂn&hhmmhlmhnwmmy moton o
wa-up—hxummmmmM\»mmu--uu--
D-slide vabve. Iz fi i vide simple harmonic motion (6 the D-slide valve

I3 Flywheel. It is # beavy cast iron wheel, mounted on the crank shaft. It funcion o
b“l*ulbmhhhhhmﬁ

. Governor. hhn“hhhmumqh form at all lowd

*lhhﬁhmum.mu...::mwmu

m for s steam engine without clearance (1 ¢ 5
g " in the
% AT m #hmhhmm

K

(@) without clearancs

8l Jet us consider the heorencal ing

tal workdone per ¢

L

imean effective pressure.

Workdone

Displacement volume

- H—l!‘lug, -

* = Expansionr

Vohume & cat-off

consider the theoretical indicator & agram with clearance as shown in Fig 6.2 (b
workdone per cycle,

W = AmaoffigucdScOE
= AralB8QO+AmaSCRQ-AesDEPR-Ara OLAP

¥y

Pr iy P mlog, | L -ain-n)-ppy

Py vy (l+log, A=p vy =vj=p .~
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an effective

, . LAk -pyvy-v,
LS volume vy -v,

dilled
called cle

Netes: 1. The

2 The P " : olf is called

A The s of [ ept volume is known as cur - off raria Tuis the recipro,
xpanton nno.

.24 Actuml Indicator dingram

r diagram (drawn with firm lines) 3 Actual work done

::rrd—:l—m-ﬁ“ﬁ-)hmm ;

b following points, regarding actual indicator diagram, sre e
L They 1 sream in th ot b

of the steoke i dess than the boiler pressure. This happens because of

&h:ﬁ-_—'-mnwim—y-bnhlhd

2 Desing the forward stroke of the piston, there is slways Fig 6 ' hctor may. therefore. be defined 1 the 30 of scouat mea
s by ﬁu“!hh'ﬁ!&““hmpﬂ; effective pressuse
s the imlet port can not clo asly, th B s b s e vaue fuctor, 1o be used i any particetar ame. Sepents apen a mamber of factors
i a2 2 8. The rounding of the cut-off point Begiends upon the type of alve ur. . . P
- mechamesm employed.
4 M’mwuhhﬁdh“ﬂhm .
5 by pownt (
, . Ports. This causes the rounding off the toe of the diags o Qs g 1 Y
E _m—.ﬁ.hmhhmi*hun,h“k . P, = Theorstical m.e.p. « Diagram facor <5,
< : sicam engines and higher than stmospheric pressare i case 1/

ive pressure o

walue of K lies between 065 and 09

valve closcs at some point £, and the remaining stearm in the < s ‘
ve EF before of the exhaust stroke. This reduces the wire dae Py L AN

also reduces initial condensation. This also serves the pusje < 1R = S wans {iec siagienaling digies)

. “M‘“dmﬂ_ﬂmluﬂw-umn ng

Ill.l SlalAN (For doublé hring engine)
/i admitted just before the end of exhaust su ke 3t % .
R " RS P, = Actialmep iaN/m,
L = Length of stroke is metres,
hm“h“““hmhkm:r A = Area of piston i = and
ving shightly

o m‘hhﬁﬂfﬂ‘:"" i N = Speed of the cogine m £ p.m.

ot "  the et effect of ~ Piston speed = L Nm/ min, fix ungle s engee. sod

e mhmudi: = = 3 LNm/ mn, for double scting engmne

is
E .'.. (briefly writien == B. P). It
pwer available at the crank shail is known as brake power

diagram ho help of rope brake or promy brake dynasnomet=r Mathermatically, for 8 rope brake



afficiency. It is the [ U T ———

W

i e

for the mass of dry saturated seeam
diagram, & curve (ssch s A ) 14 “braned
cuerve a8 shown in Fig 6.4 W he heip

of steam. at 1! pors of the expanss:
any point X.
K « Yolume of steam in cyfimder = &
—— O e I
Ol seam = 7, Volume of steam x X & ary

Meam represented by the line AL is called S velume of mussing quaniity at

Fg 64

=t point X

= Volume of steam given by sanuraton

wurve UL - Actzal volume
of steam in the cylinder (/i

I-anohanmuc_-h-ﬁ&-qmmumie
Muo(nnmmhqﬂ-hu-‘ryu-dux
= Cylinder feed - Indicated mass of meem

the expansion of steam i rwo cybaders. insiead of one cylinder Or, in
e 1AW the expansion rat smail = zach cylinder
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" the same.
On Steam I8 also increase,

reduction of its thermy
reason for the same i 11,
, due 1o constan,

5 10 lower the therma! o7

, sleam engine, is a methog 5
past the valves snd piston
across these parts.
can be reheated after expan -
SHEAm is Ao incres ey " Bigh speeds are
cut-off gover ' breakdown, the sngine can be modified

TR Moment s exerted an the amk @ad )
atwo cylinder engines ar at 1207 i1 rpie expans

required.
the working parts arc reduced, as the forems e S

T MoOTe parts.
engine, for the same power and scomcm. s o an bt

imple steam

engines may be classified soording w he aramgement of cranis, and

‘compound engines,
d engines, and
d engines
engine, the two cybnders (H P and L P) have 2 common piston o
(ie. cranks are at 07 1o cach oter ).

engine, the two cylinders (M7 xd LP ) have differeat piston rods
(s set of 180° 1o cach ofher These cranks are cast in the same crank

engine cylinders (HL P and L P) have differet piston rods
nﬂxﬁw-uhh—uﬂﬂ
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‘.ﬁdﬁdn—l-ﬂh B vacuum under
it higher on leaving

inlet nmhuma—h will have a consider

s Muﬂ-w
M“W-ME-MM« plant

1 hin p ‘hmMuTMplmt
2 k ﬁm work can be obtai
3 and thus more work can be obtained

M
4 mlﬂﬂmﬁu)nﬂhhﬂm reduces the cost of

s ,‘»Mh:hm—-m -
suppied per

m

jgatio of sctual vacuum 1o deal vicoum Vahers
Actual
ideal +
Actual vacuum = Baromewr
Ideal vacuum
EfMiclency

efficiency may be defined as the =
minus inlet cooling water iemperan;

= Baromer

¥

se if ey vwe

Tempersnure
Vacuum temperafure - e sonang waker emperature.

ne =

OBJECTIVE TYPE QUESTIONS
jweasel made of steel and used for the generamon o0

¢} smam condemser () steam injector

meam s caibed 2
(&) stzam turbine
boiler is one which produces maximum =amary of sueam with the given fuel
(b1 Dusmgee

ﬂlypllndnunfunlmbo\lu depemis wan
required and working pressure
position of the power house
water available

hmhwmgw-m are surrounded by flames
outssde

() Fainc
mhmﬁ—“wh-ﬁ-ﬂnmﬂdbyﬂmm
2 =i
is o fire rube bouer *
@) Baboock und Wikox boiler
(@ oome of hese
“..-hﬂp-'d
@ 1N @ 1IN @ oMN/e

e boder !
ey (@) Bebeck nd Wiss b

@ Cochren boiler
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Steam Nozzles and Turbines

steam norzle of steam into
s a passage of varying cross-section, which converts heat energy
“:-nmm_-huhmmmm-uamm with
ahigh The smalle lled throat. Tt may be noted that the steam enier.
the nozzle with a high . velocity. But leaves the nozzle with a high velociy yn
small pressure. The pressare. at which the steam leaves the nozzle, is known as back presv..,
_t.-l-hmuhummwn-ﬁ Therefore it 15
‘considered as adiabanc flow, and the corresp o8 an adiabatic ¢vpan
sion. The follows th mmi&'l'bm-hmhm
of nozzles : -8
& .-q--uh When the cross-section of a nozzle decreases continuous!,

entrance 10 exit, it 15 calie tgent nozzle as sh inFig. 7.1 (a).

‘cross-section of a nozzle increases continously from <0
s bt ey e & ey &
\ m.M‘c-‘ummw

divergent nos
¥ -l.ihﬂaulv:vl g

Mmmnmu:wws

We know thay tnthalgry o hegr drop dur, Ng SYpanign

b, -y i kg

¥ .?am.l P =
If¥, is neghgsble ag compared 1o ¥,

¥, = [300n,

Mote : In actus practice, (here 15
mnumqmml
inghy. This the sbon,

3ways 3 conam s o
Grop by 1010 | % and thuse the evr
Ve relation may be wrnten 35

¥y = s eh, mis
= Nowmie efficrency
! _;QA C-ﬂuuthinm-Dh:w

A nozzle is, normally, designed for Maximum discharge by desigming 4 certain throat which
this condition

Let 2, = Initial pressure of sesm_snd

= Pressure of sizam u Swosc

There = only one Vﬁ:nfmmny.fpl.wmmm Sscharge from the nozzhe

givm by

(2 p
)

sm-mmmdﬂ-m;:lhm.mhmn

‘b—';,';,
prexsure

‘-_.*dhﬁhynm-'—hy

in ﬂf 2 Y
\tnu

his cxpression we see thal in & convergent - divergent nozzie, the discharge depends
dl‘u.ﬂﬂhnﬂﬁhdﬁm{u pressure p, and ). It
‘ﬁdmdhnn:&_uum:—
.-tn-(u.'-‘-“ 8¢

s iniatativs din

= hg's -4
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S The flow in the convergens porman of the narzle is subsonic and in the divergent portion
T

& To increase the velocity of steam shove sonic velocity (sspersonic ) by expanding steam below
critical pressure, the divergent pomon for the sorrle i pecessary

7.5  Sepersaturated Flow through Noale

When dry saturated steam 8 expanded adiabatically or isentropically, it becomes wer v
know that the expansion of steam i an ideal nozzle is isentropic, which is accompanied by condens,
mion process. IF the steam is inially superheated, the condensation should start after it has becor
dry samurated. This i possible when the steam has proceeded through some distance in
and in a short intervg) o time. But from practical point of view, the steam has a great veloc
umes soni and even Wl\'\ Thus the phenomenon of condensation does not take pla
expectod rane. As a resultof this, equilibrium between the liquid and vapour phase is delayed and
stcam contimues W expand in a dry state. The steam in such a set of conditions, it said to be
sanwrgsed ot in metastable stase. tis also called supercooled steam, as its temperatisre al any pr
15 less than the p T g to the pressure. The flow of supersaturat
steam, through the noxzle is called supersaturaiod flow or metastable flow 1 may be noted

L The difk of d temp and temperature s k

degrée of sndercocling

2 The ratio of pressures comresponding to and saturat
perature is known as degree of supersaturation.

The following are the effects in 2 nozzle in which supersaturation oscurs

I Since the deasity of supersaturated steam is about exght times that of ordinary
vapour at the corresponding pressure, therefore the mass of stcam discharged icreases
2 The entropy and specific volume of the steam increases

2
3 Theexi welocity of the steam reduces.
4  The dryncss fraction of the steam increases.

7.6  Seeam Turbines

A_*ﬁlwwinmhmmunﬂllmdbylh‘y-J.uaIm.u-
momentum of the steam. We have already discussed that in a reciprocating steam engines, (he w1
unﬁﬁ“-ah‘wﬁdﬁ.l.-.ﬂ.mﬁmofsmﬁm

I & stcam turbine, the force exerted o the blades is due to the velosity of steam 1hu &/
ﬁehﬂﬁ&aﬂd&hhmmmdmmﬂwnhuwmwu l;-
nh:of-r.n-ilﬁnnein&ihb:dy-mk,‘ﬂuslhtdmhlmnhmnumml:l
mw.umTkwﬁmbhdﬂmmwdblmhlwnyllmn.uemdlmw
w-&m'-&-‘eﬂ.wnmhﬂmnmlwnrmﬂlhyy\ﬂmmuw
surface of blades. In general, 8 sieam turbine, ially, consists of the two parts A

nozzle blades which the heat energy of high pressure steam is conve

B . o from the nozzle with a very high velocity
mmhwin.{mmlhcnmk.u:tlul-‘

into kinetic energy, 5o that the sieam isues
2 ‘The moving blades which change the dircction of

of momentum and propel them.
mm-huﬂu:um = E work on modified Rankine €)%

ing steam engine

STEAM NOZZ1¢

& A steam wrb

n the

e fixed hiades and is

¥ 4 reaction wrbine 18 Parson 'y
19 Neliny Triangles for Moving Blade of an Impusise Tarbime
Clomuder 2 sieam jet eniering 3 curved blade at C after lean
e surface and leaves the blade at D a3 shown n Fig The

s of the moving blade are drawn as shown in Fig, 7.2, in whech

¥y = Lincar velocity of the moving blade (A5)
¥ = Absolute velocity of steam leaving the nazale or entering the mov ng blade (AC)
¥, = Relative velocity of jet to the moving bil K
y m % biade (B0 It o e vecton:
between Vand ¥, o e vectonal difference
¥, = Velosity of flowaten- ¥ g % ——o
wance of the moving Mo~ A
blade. 1t is the vertical
component of V.,
¥, = Velocity of whirl at en-
trance of the maving
blade. It is the horizon-
tal component of V.
@ = Angle which the rela-
tive velocity of jet 1o
the moving blade (V)
makes with the direc.
tion of motion of the
blade.
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@ = Angle with the direction of motion of the blade at which the jet enters 11,
blade.

Vi Vp Ve V. B.@ = Corresponding values at exit of the moving blade

A lirle consideration will show, that as the steam jet enters and leaves the blades withou
shock (or in other words tangentially ), therefore shape of the blades will be such that VandV, w
slong the tangents 10 the blades at mlet and outlet respectively

For the sake of umplification, the inlet and outlet velocity
angles for the moving blade is combined as shown in Fig. 7.3. It m
i the mass of steam flowing through the turbine in kg/s. then
workdone by the steam on the blades

= Mass of steam x Change in velocity of

whr! x Blade velocmy
=m(V_2V_ )V, N-m/sor)/s
=mxEFxAB
. Power produced by the turbine
=m(V_2V )V, was
The plus sign is wsed when V,, is in opposite direction with respect 1o the blade mo
minus sign s wsed whea V_, &5 in same direction with respect to the blade motion
The axzal thrust on the blades or on the wheel
= -(V"—'i:,l}-nl(CE—anm
Notes : 1. Whes Ecmice is aeglected st the blade surfaces, then V,, = ¥,
2. Whes there i3 friction, then ¥, will be less than V, and the ratio of V, 10V, o known s blade e vy
o efficuen: of ryorf  factor (usually denoted by K)
% A The value of K vanes from 075 to 0.85 depending upon the shape of the blades
4. The esesgy Jost due 1o fricion in blades

5. When i

B f blade motion (i ¢ e iuite e
anial discharge). then V_, = 0
Reaction Turbine
7.10 wmw. ) A Y
The velocity triangles for the moving ‘blades of a reaction turbine are drawn in the similai «27
fo rbine. The

mbined velocity triangle for 8 Parson’s reaction tubine is show 14

A
Fig 7. TR

STEAM MOZ7) ¢

turbine in

307
&4 Siades scting 25 nozries
and heat drop 1hy -
Note : The degree { iction o P s
t Srbine with symenicsl Sk e

AE1 Eficiencies of Steam Turbine

The follow;

¥ R < 15 wel TN e
supplied 1 1 - ¢ 18 the ~aredone on ades 10 the emergy

Let

clocity of wharl mm . g
We know that workdone on e blades per second

and snery

ted to the blade = K E of steam at niet =

Dwagram oc blade officrency

i roui or siage efficiency. 1t s the ratio of workdone-cn the Diades per kg of steam W the
il emengy sspphied or heat drop per stage per kg of sieam. Mathemmicaily #7oms or siage cfficency,

_ (raw

n = Feis
4, = Total energy supplied or beat drop per stage in joules per kg of
steam

1 Neasle efficrency. 11is the tato of encrgy supplied to She bindes per ky of steam o the ol
d per stage per kg of steam. Mathematically. sozzie eficvency,

no=F i,
that sage cfficiency,

1
Jath i AN P
N e 0,
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l Apht angles 10 their motion lneﬂmwds.lhvchmfyo{thulauhﬂm.slmmmgl-l.| i 7e

fhe ¥ =0 Therefore maximum efficiency of an impulse tarbine,

The efficiency of De-Laval rurbune is maximum, when
Fy=0S8¥ =05 Feosa {2 ¥V =¥
where a = Nozzie angle
Mavimum efficiency for De-Laval turbine,

N = c0s’ @t
In deviving She condinion for maximum cfficiency of reaction turbines, it is assumed th
fixed and moving blades are symmetncal and the degree of reaction is 50 percent. The efficien
reacton urbines s mamoam when
¥y=Veosa
The maxsmum efficiency for a reaction turbine is given by
2cos’ @

MNar =
1+cos’ a

7.13  Methods of Reducing Rotor Speeds

In power plamts, hagh pressure and high temperature steam is used i osder 10 increase ¢
thermal efficiency. If the entire pressure drop (from the boiler pressure to condenser pressure
carried out in one siage only, then the velocity of sieam entering into the turbme will be cuire
#hﬂ*u-h—mmmu‘avmwwud(emwmwm\-mnn ’
number of disadvantages.

hﬂ-‘:hmqﬂmmmm“mpbwd Al of these methoxds conant

m-mwmammnmmaemreme o ¢
absorbed m a tﬂwlmhmmbm This process is known as compo

B sataing oot syt
M of turbing, the cxpansion o
L a-mnuw-ﬁl R e

m-—:ﬁhﬂldﬂwl"""

steam, after expanding through
uﬁm':mmw-mummmdmm—uu
the next ring of fixed blades. The fixed blades ty ,
mm*“ "hﬂywh mwn second
:M k&ubz The steam is now directed by the

'MM’&““‘MMMMMW&MW

blades. All the
w,'p..md

‘gccurs either in the fixed or moving
mﬂ--mamﬂ'ﬁ“""‘

Ilﬂlllll the rings of the
pmm e i shat i sris. The it
: uuvudq--"v"‘““'

.. STRSENSEE——

BTEAM noy2 2

It may be not.
entering the me

The Rate.

L Pre
Bine, bot
D Bages, and v
apresi:
Ber of 50,

K may be  1ha eter of
ieressog .ol & iy 3 . wed o ca ag A
Bl stage A curtis turk, i .' <oty . ot 3t the wement

Governing of Steam Turt

Sy pma goverming

agal govormor

we gouged @ two, three or more
2 SICAM supply controdied by valves The different
wmangement of valves and groups of nozzles may be cmplowed

I By-pass governing, the steam enters the furbne chest drough & main thronle valve which is
Iy a speed governor For higher loads, 2 by-pass vaive = opened. Thus valve is nof opened
e it of the throtile valve cxceeds a certun amosnt When the load decreases, the by-pass
first. The by-pass valve is automatically reguiased by 3 twonle valve (under the contrel
) which senses the efTect of sudden decrease or mcrase of losd.

Steam Turbine Efficiency
methods are used 10 improve the cfceacy of sieam turbine
pgofsicam; 2. Regenerative foed beating and 3. Binary vapour plants.
Steam 13 removed from the tarbume when f becomes wet 111 then
wstl 4 & agaim @ the superheated state. |t is theo

of steam in 1 turbing has the fallowing sdvantages |
increases the work done through the furbine.
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2 T imoreases the efficiency of the marbine

3 Rreduces the wear on the blades, because of low moisture contents in low pressure stage.
o ihe tastene R

In regenerative feed heasing, the heat is wansfered from the steam in the turbine to the liquid
condensate) flowing around the turbine. such that the temperature of steam and liquid being same 3¢
amy sactuwn m the turbine.

The process of draiming steam from the turbine, at certain points during its expansion ang
wsing this steam for heatng the feed water (in feed water heaters) and then supplying it 10 the boules
s known a5 bleeding, and the corresponding steam is said to be bled The effect of bleeding are
Tt increases the thermadvaamic efficiency of the turbine
The boiler = suppled with a hot water
1 A small amount of work is lost by the turbine, which decreases the power developed
In & bimary vapour ploms, mercury and steam is used.

7.16 Reheat Factor
1n steam merbines, the blade friction, shock, leakage ctc. reduces the effective heat drop
encrgy wasted in friction exc. reheats the steam and improves its quality as it emenges from the uia;
The reheat factor is an mmportant term used in multi-stage tur-
b'-s&ﬁ-ykﬂ'nduhrﬂajmmwhﬂ'um B,
drop 10 the isemsropsc heat drop.
Fig. 7.5 shows the expansion of steam in three stages. on 2
nhﬂhml\,l,itewmwwhhﬁm E""'
outof which A, C, is the useful heat drop. Theratio A, €, £
hA,l,ihmhhfmmpmwmd L
-:mi—.:ﬁuwhrqmdby‘ﬁ,um
of B, (ie. p;) wnd wasl beat of C,.

N -

L2 dddid

" e 8 e ol 8, (e
The condition of steam at cxit from th P YAy P b
) and total heat of C;-
Now for the third stage.

STEAM NOZZLES A

Cumulat

and isentropic hea: 4r

M the work delivered a the nurbine saft (in heat smis) or dhe it vseful Sext drog 1 the
hermal afffctemcy of the tarbne

sentropre heat drop o the eat vppised 15 ke m Fanisar eficiency
OBRJECTIVE TYPE QUESTIONS

B A sesam poszic convens

fe) Beat encrgy of steam into kinetic energy

@) kinctic energy info heat energy of steam

(&) best energy of steam into potential energy

{ef) potential energy into heat encriy of sieam

 Theexpansion of sizam in a nozzle follows

7 - e (@ uincyck

(d) Stirling cycle




T8 A bimary vapour plant consists of
() seam farhee

(8) steam condenser () mercury boiler

MECHANICAL & NGINEERING

() all of these

45 A wwam mrbine, in which a part of the steam after partial expansion, is used for process

hoating amd ihe remaimmg steam s further expanded for po
&) back pressure turbine

wer generation, is known as

(8) pass out turbine

) low pressure turbine () impulse turbine
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L.C. Engines and
vuclear Power Plants

8.1  Introduction
The engines in which the
internal comh
fnside the cylinder of and g
B3  TwoStroke and Four Stroke Cycle Enine
In & two pine :
mevolbution of

Inaf

wxth 3 great force and

scts) are exhausted

r Sirvhe Cycle Engines

four stroke cycle

Advantages and Disadvantages of Two Strok
The following are the advantages and d'<

the mumber of power strokes then the fou

L A twostroke cycle engine gives e e cycie cagine should develop wice

eyele engine at the same engine specd nmmm.- Jp—
| mnn‘uohluu; stroke cycie engune

2 Forthe same power developed, 3 Te ke cvcle ongine i lighter, less bulky and vemupses
less floor acca

3 A two stroke cycie engine has » highvwer fywheel lmgv:ih~;humhﬂwl]:ffxm
afour stroke cycle engine

325




o MECHANICAL ENGINE | RING

mmafea e
L The thormal offic ol che &

P s sk e M s ompeast e A e
ey al'“:‘he ovenall efficiency of a two soke cycle engine is also less than that of a four i!’!»-lf
1 The consumption of Tubricating oul s large in a two stroke cycle engine because of hy g}

& Vatve Timing Diagram for & Four Stroke Cycle Petrol Engine
i mm:;:r’:p:ﬂ:;::;a;::?u gimmi tgnition engines. The valve timing diagram

> wamFig 81

The following partcular are important for a four stroke cycle petrol engine regarding v,

fa

lﬂl“
@) The inle: \.::\capns (IVO) at 10" - 20 before top dead
m(TDU-a:h-nr-wumh\mmdndmnm
BhCy
i#) mwdn.pmnw_w-manc
and eads at 20° - 30" before TDC.

) 'n-rmvmmfdwp takes place at 207 - 30° before

(7)) me:I~whcfm1DCandem-l
30— 507 before BDC.

t€) mmm-em(svomw-wurmnnc
and closes a0 107 - 15 afier TDC.

Notes : () The miet vabve of 3 four stroke | C. enginc remains open for 2307

() Thchpn__a-hm&cvahn{u inlet valve and exhaust vadve) se < loar!

(] Thd-.za—inﬁlrwpdllmn

(iv) mm—aumthmn-m—mmw--r_“

8DC
Fg &1

LY anwmlh'-hrlfurm(‘ydemm
The diesel engines are also known as compression ignition engines. The valve timing diagram
or a four stroke cycle dicsel engine is shown in Fig 8.2
The foll dars are for a four st

(@) The inlct valve opens at 10F - 207 before TDC and closes
at 25" - 40P after BDC

(5) The fuel valve opens at 107 - 15 before TDC and closes
at 15° - 207 after TDC.

(1 The compression staris at 25° - 40 after BOC and ends st
1 - 15" before TDC.

(d) The expansion starts at 10° - 15° afier TDC and ends at
307 - 5P before BDC.

(e} The exhaust valve opens at 30° - 50" before BDC and
closes sl 10 - 15" after TDC.

k "
¥

s A
s . presson ra
| i .
. e !
e
5 The mamies

The thermai ¢lTiciency

mal eifisenny
13 | These are high speed engines

4 The petrol engines are gencrally emp!
in hght duty vehicles such as scooters
motorcycles, cars These are sl wsed »

aeroplancs !

» heavy

sach 2 bases, trucks,
mwing machocs ris |

88  Scavenging of LC. Engines
The scavenging. in an internal coml o <<:ﬂulr¢m-»ﬁ:lk‘:«fﬂl p::
ypes of staven
from the combustion chamber of the engine ¢ are many types of scavengng. »
the following are important from the subyec!
L Cresgflow scavwnging I o
eylinder) and exhaust port are situated o
WO stroke cycle engines)

port the engine
der (s b the case of




MECHANICAL ENQINEERING
ane

3 Back flow or loap soavenging In this method, the intet and outlet ports are situated on
e same side of the engine cylinder

3 Uniflow scavenging. In this method, the fresh charge. while entering from one side (or
somonimes twao sides) of the engine Cylinder pushes cut the gases through the exit valve situated on
he 1op of the cytmder
‘Note : The scavenging efficiency of a four stroke cycle diesel engine 13 between 95 and 100 percent

e - engine f k plug at the end of
ginon pewol ime takes place by means of a spark plug

b -uh.;l: vohage required to produce a spark acrois the gap between the sparking
points of a plug & 000 1 10000 volts. The following two Ignition systems of petrol engines are

I . Coil igmimon system (also known as battery ignition system); and

2 Magnewno gaition gystem.

o system i ! sils known a8 primary
has an induction coil, which consists of two col

ﬂxﬂﬂu-mmm.nmnw 1s Pig. B.3. One end of the primary «

the

m}’ i Safbon cere

=

--v’“ 9

can *

graer

+
S S T

§
)

Spaa il

connected o other end of the
M“.i—xmrﬂmmuh::mu across the
mmhh“nm‘m”-“

o s w::l:l’-ﬂwmlmmmumm
. '. y4 M-Mmﬂunu-\

caUse 0| !
- - mlt-linder o “
—— "?.mﬂﬁmnn*“"‘“"

L - - a9

Phtior e gimen such as m

motor boa

810 Supercharging o 1

Itis the pr
spark igni
8 usually done w
tally found ther

"
Slreraft engines, a 1h,

happens,

3
- i

sombustion
1 T B0 in avail
3 Toredu
4 To reduce
3

2 T -
mming cars and o1y, :
—:.ll Lubrication of 1. ¢ §
The lubnication o

RMreduces wear and

It damps down (he

vibrations n
It dissipates (he heat generated

Wt eleans the moving parts

Tt makes the piston Bas-tight

Governing of 1.C. Englnes
hmufpmvtdm; any amangement, wi
shanging load conditions) is known as sngines. Though th
.hpﬂmml of .C. engines, yet the filow “gur _,:,_;“r: -
”mﬂmﬂ\wmu. In this system of poverm 28, whenever the engine starts running
:’t’:ﬁ’::‘%““‘*'- ‘::’.“ :l.‘- 2 wvo missed. This is done with the
+ 1hIE mehod of povernag a widaly uied for | C engines of smaller
#88 engines
governing In this yyssem of governing, o sontrol valve fs fned in the Aal
, Whish controla the quantity of P 1o e = v 0 \he ctharge. The movemest of sontrol
By the contrifugal governor trough resh and pin on armanpement
governing, In (s sysiem of governing, the quality of sharge (Le air-fuel
18 hopt consant. But the quantity of miaturs supplied bo the engind cylinder iy
OF & Uhrottle valve whish is regulated by e canirifugal povermor through rach and

L

3 ill kowp the wgine spe

goveng o

ant
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Ma{p\mnm-wm

R Carburctror

1

i the varying prop o suit the operating
reaking up and mixing the fuel with the aie s called carburation

814 Spark Plug

215 Detonation i LC. Engines.

A Combimarion system af governing  In this xystem of goveming, the qualitative o

A spark plug is a device wsed w produce spark for igniting the charge of petrol engines. 1115
always screwed into the cylnder head. It 18, usually, designed to withstand a pressure upto 35 bar »
operate ondor 3 current of TOON 30 000 volts. The spark plug gap is kept from 0 3 mm 10 0 7 mm

ENGINEE i

The carbarenior is a device for *stomising and **vaporising the fuel and mixing it with the air
i N of the engine. The process of

The loud peisating noise beard within the engine cylinder of an 1.C. engine is known »

deromanon calied dmocking or pinking). It is caused due to the propagation of a high s
— hm-iuri‘timofadpmim of unbumnt fisel The blow of this press

wave hd-ﬁ::-uﬂwhuklhc piston, Thus, the detonation is harmful 1o the 1y
i -d:h: avesded The following arc certain factors which causes Setonation
i mwdkmﬁm&r.
| 2 The selative position of the sparking plugs in case of petrol engines.
.
3 Thechemucal mature of the fucl,
4 The il d of the fuel, and
i 1 ite. This ;
dﬂmd’uhﬂ“-k&vmam te i
du;m‘qwﬂhmwﬂﬁmthmn
AUID-TEMDON 10 BT

F reduced by the
S i lulﬂlﬂﬂ*h_“'—‘-
-,—T:uﬂ.aﬂﬁdwuhﬂ.mh*ﬁ'
mmu&aﬁtdﬁaunm

L A losd pulsating noisc which

additon of 3 vma

n-ybewidhy a vibration of the cogiic

2 hﬁmﬂ-khﬁhﬂhhnﬁcofﬂum»m:w
3 Am increase in carbon deposits.

pe i ine have & lendency 1o cause ©Ux
mw%:-d—“h#w—‘ﬁ”-&u L mﬁm)ui.turlw?u

opet

mixture of iso-octane and sormal heptanc,

lnock wh — The percentage, by volume. fisn-achns 8
engines MMW“ 1y matches the knocking intensity of a given
¥ nndllim:' h-u-‘::lha-‘l" A——
Ihﬂ-"""““‘h"

it Sl Ths, iffn sisbere of 30 perceat iso-octanc a0 SOpemert SFUE v, o

e et hen i fue i signed 0 006

ormal heptane. then this fuel
WWM ‘m”’r-,mi- an expression b

s ekl o o h W e sl s
e f s af s o bl g

@

, e e o i
|

mimate patic’e of

LC. ENGINE § ppyr,

L 8
£

Bincs lss-o
number On the
B rating of rer.
primary referer
be its resistance

rating in fucls for § |
Nste : The octane mumbey

817 Ratingof C. 1§ ngine Fuely

The knocking ter
similar to that of S | - g
o sudden ignition and sbnc
Such a situation occurs b

percentage, by volume of
e samme ignition lag i ¢

e comne which is 5 straigh
T ——— e, ey
- ammigmed 3 zcro cotane nunhe : . i
M ). The knockg i ( L engines may be cont
1 8 the tendency 1o knock ; ; PAPnts Mnshum e i by
& The cotane number of diesel o
Testing ol 1. C. Engines
e purpose of testing un internal co eep—
@) Todetermine the information which cannot e
- 0 conform the data used in design, the validiey of whic
W) To satisfy the customer regarding the performance of

hermodysiamic Tests for |.C. Engines

LR internal combustion is put to thermodynasic s, 5o 35 1 desermine the followir

§ Wuda

& Indicated mean effective pressure The
the indicator diagram drawn with the help
(in bar)

an effective pressure of an engone
engne indicator Mathernatically, iwan

_ Arca of indicator cand ~ Scalk of mcator spring
Length of undscaior card
be noted that the mean ¢ffectve presserr caloulased vo the basis of theoreucal ndcaior
NOwn a3 theoretical meun gffectve pressere 1111 based on the acteal indicatr dagran
actual mean effective presiare




MECHANICAL ENGINEE Ry,
2 Ieficared power The indicated power (briefly written s |P) is the
.~ chmed By the sngme cylinder Mathemancally. R sty
= 100 X Pu Ladn -
e ry kS

- hre K = Numberof cylinders,
P. = Actual mean effective pressure in bar,
L = Lomgth of stroke in metres,
A = Area of the piston in m?,
= = Number of working strokes per minute
= Speed of the engine for two stroke cycle engine
= Half the speed of the engine for four stroke cycle engine
Note : The LP of » sssle<yihinder 5 determined by AMorse ress

3 Broke power The brake power (briefly written as BP) is the power available st
crankshaft. The brake power of an 1.C. engine is, usually, measured by means of a brake me b
{prony brake or rope brake).

In casc of promy brake, brake power of the engine,

Torgue in N-mx Angle tumned in radians through | revolution

Br & (m watns
p _I"::N_'h‘zonll

¥ = Brake load in newtons,
| = Length of arm in metres, and
N = Speed of the engine in r.p.m.
In case of rope brake, brake power of the engine,

(W -5)sDN
R e walts

v "-n::n"n—” walts . {Considering diameter () of the 17|

W = Dead load in newlons,

§ = Spring balance reading in newions,

D = Diameter of the brake drum in metres,

d= Diameter of the rope in metres, and

N = Speedof the eogine in r.p.m. -

power of *h”hﬁh“pﬂ(lﬂdu-&:ﬂ.

::mh.ﬁ%:-*mu—-mpm Mathematically.
wp-.m.u-“ ..
Efficiency. Md-*bd“uhubd-m'

.‘:u-mgm.mm.mm*-w<

10, BNGINES ANG M, 1 s

(a) Mecharicol cfricy

‘Mathematically, re har, - |
i v P E
Since B. P is always i "“
() Overall effic 1oy g
the energy supplicd by ¢ - ;r &
= 3 grven tme
3 p * 4 efficsency, b
‘where B
) = Ma
L = Calor
@ Indicated ther,
e fuel per [ P how,
.
- -,
e caio T 1 ko
B Brake shermal offc o - i
i BLP howr. Mathematically, brake ih - . e
_ Heat equivalent
. Heat in fuel per B
- |
T i; 18 known as specific fue
e siandord efficiency. The general expre ncy (8 given as
A engones
For dicrel engios,

r = Compress:on ratio,
¥ = Ratio of specific hests. and
p = Cut-off raio.

. Relative efficiency It is also known s o
ratio of the indicated thermal ¢fficiency
| Volumetric efficiency 115 the rabe of e
8t NLT.P 1o the swept volume of the pst

fi il |
energy is the large amount of energy that can be rdwz:) rom 8 simall mass o
jal. The first nuc lea power plant 10 [nd was hocatod at Tarapur. The primary fuel used in

> The relative efficiency of an L €

efficiency

{ charge admined during the




wolt. It way be noted tha
asa product of reaction

the contents of U,
by slow neutron.

AND NUCLE g, (.

Owen

Teshamcy «fScency than 4 four smroke cycle engine
e

eycle engines have ighter flhywiess
Y S—
“g,n(.l Mo strake cyele enyine 5 a fomr Srake Cycle engine,
66) less than O grester ham
C cycle on which the petrol sigrme warks, o
B Joule cycle ¢! Ramkoe cvcie &) Strling cycle
Bine, the sequence of operasiens

stroke cycle ¢n,
‘COMpression, cxpansion and exhmst
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9

Compressors, Gas Dynamics and
Gas Turbines

9.1  Introduction

mpressor is @ machine used to compr

9.3 bmportant Terms ased in Air Compressars

rtant terms are frequently

mm’ /mmorm’ /s

& Free air delivery |
soemal smmperature and pressure conds
o froe s Sohivery

& Sweptvolume. 1t is the volume of air sucked by the compre
% Mean affective pressire. 1tis the ratio of the workdome Der e 0 the strolle ¥
e mgrEsed

23 Werkdone by a Single Stage Reciprocating Alr Compressor withaeut Clearance Volume

Thep-vand T- sdiagrams of a single acting, sngie SEMgE FECIPROCBOG 3f COMprEsscy
clearunce volume is shown in Fig 9.1

Inutial pressure of air (befiore compresso

Let P
i
T, = Initial temperature o
ey = Corresponding valves for e (Le at the delivery pomnt)

and r = Pressurenbiolie Py [N

The air is sucked from the atmosphes
compressed at constant temperature (T, =T,
sion continues till the pressure ( py) in \he cylunder 13 sulficn
aC

358
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I Peytropic I
5 Wothermal 3
H 4
€
A N~
A o Al 3
-
—— Volgmy —— Entropy - -
(@) pvdagram (4) Tos Giagram
Fg.9.1
Th ypressson of air may by or pc (reversible adiabatic) The
amount of workdone a--‘qnnlihlulhmth:umuisurolkwm =
L Whes compression of air is isoth I, then by the per cycle
W =Areaof p-vdiagram ABC, D=23 pv, logr=23mR T logr
2 When compression of air is polytropic (ie 10 the law pv* = >
g o pv" = constant), then
'=Amofp-vd;lwn48f0';f:i'(h':‘l\"l)
*x g ) L
Y [Pl] 1 ,:xml(?’rf,.
3 When ypression of air is i pic (Le. 10 the law pv' = constan), they
workdone by the compressor per cycle,

¥ )’
W = Area of p-v diagram ABC,D = 'J_-,(Fx*:'n"n) 'v—_-l-*pm [:J IJ
\

,—'{"-'G’e'-m--,tﬂ-ﬂ)
We soe that the workdone per cycle during isentropic compression is equal 10 the heat required
1o raise the lemperature of aif from T, io T, at 8 constant pressurc.

Note 1 The work done is the air i munimum wheo is (ie. whenn = 1) a0d

itis n when is u:.m-’-nuu-uwnuanuunp:m

isentropic line. It may be noted that in order to perform thermal process, mpression should be very siow

50 that the it d which is not pessible is actual practice However, the isothermal
may be app ir

compr

(a) the air or water cooling is done during the compr=ssion.

COMPRESSORS, aag DYNAMICS A
=8 AMD GAS Tyn

) the cold was

() i mghi-stag,

94  Wo
rkdone by Reciprocating Ak ¢ Mprescr wigh r
The p—v diagram of 3 single stage bl
wolume (v, ) is shown 1 i

ay be noted that th nce . A Gk ot

he power requared for con

9.5 Muiti-stage Compresion
Sometumes, the wr 1 required ut
PrEssGre ano (8 3 sing
mlti- snge compression. Following are
HagR SmprTsERN
L The workdone per kg of air is reduced in ms
compared 1 sngle stage compression for the wame delrvery e
I improves the volumetnic efficiency for the given pressure -anc |
3 The sizes of the two cylinders (i high pressure and low pressures) may be sdjusied to st l
he volume and pressure of air.
It reduces e leakage loss considerabiy

y o large
s inown s
sresson aver single

mpresson st intercooler a8

4
3 lrgives more uniform torque and hence a smaller scze ywheel = regquired
& I provides effective lubrication because of lower wmperstars raage
7. It reduces the cost of compressor.
9.6 Two-stage Reclp ing Air Comp: with s ‘
Fig.93. The following

A two-stage reciprocating air compressor with inscscooler i Sown 8 A
simplifying assumpuons arc made in case of a two-stage FECIOCAInG 2if COMPrEssar with inter-
L The effect of clearance is neglecied ‘

2 There is no pressure drop in the interoocles
‘1 Thecompression in both the cylinders (te LF: and HLF) is polytropic (Le. "= C)

4 The suction and delivery of air takes place al Comstant pressuIe
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playsani role in the working of a two-stage recipn,
ypes of i g are important

Intercaciar
Cooling water
ATy BT,
Lr. HP_cylinder
st l
LS A B
Al
Fg 93

(@) Complete or perfect intercooling. When the temperaturc of the air leaving the intercooler

(ie T‘ qual to the original air (Le. ). then the intercooling is known as
or perfect i ing. In this case. the point 3 lies on the isothermal curve as shown in
Fig- 9.4 (a) and (8)

A

»

By

:
|

——— Volume —
(@) p-vdiagram (b) T—sdiagram.

Fig. 9.4 "

&) I or ling. When the of the air leaving the inter™
cooler m gml] atmospheric air temperature (ie.T)). then the intercooling is
kmﬂn(:: 7',)!! Mﬂlﬂlﬂ i lnrhl:cue.dwpoml]]m on the right-side of the

mﬂm-m:nﬁ;?j(a)mﬂ(b)

e

4 5 pV=C

»

= Pressure
>

——— Volume ——*
(a) p-vdiagram.

COMPRESSORS GAS DYNAMICS AND GAS TURBINES
9.7 Wnrkﬂo_by.hmgkm

Procating Alr Compressor with Tnterencier
4 S«m{daa Wo-stage reciprocating air COmpresIOr with ing
72 e > 1 miereosler sompress:
Let P =
i

' Volume of the [

Py = Pressure of air leav ngthe LP ¢

¥y = Vohumeof the H P, cylin

Py = Pressure of air leav

a = Polytropic tndex for b
Now we shall consider both the cases of incompete in
L. When the intercooling is incomplete

We know that workdone per cycle in'f. P. cylinder,

Lif)

= ﬁ Y [%fv Ay

2 When the intercooling is complete ;
In case of complete intercooling, v, =Py % Therefore substituting this valve in equation

(itd),

Ab)

{9
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tove expressions, we sce that the ‘work is saved in & two stage reciprocat-

=y Fasa

The work required 10 drive the COMPressar i minimum, When the pressure ratio in each stage
@ s, L8

-
a,n-[le o
A h Al

o P =NAYPH (vify

Now substituting the value of 2“ o ‘::: in equation (i¥), we have minimum work required for

5 TWo STARE FECIPROCEDNG KT SOMPICSSOT,
n .
W=x o x [,l e (i)
=2 x Work required for each stage

2 \
Again M—:“(%] in equation (v,
a-1

2
W=2x——xp¥ [&] o
n-1 P

Similarly, for 3 hree stage COMPrESSOL,

)
n,g._.[&]
F21 P P P

and mimiemam work required for a three stage COMprEsSor,

r-;-;:_T-p,v, [L:—:

i 3 of i'"d.'.awmwz
The following eficiencies s the rtio of work (or powee) required

1 WM(“MMWWHthmwmﬂ“

COMPRESSORS, GAs DYNAMICS AND Gas T
D GAS TuRBNe
2 Overall isothermal efficiene €
brake power of the metar or n.,—‘.,
1 Mechanical
power of the motor ¢

4 lsentro
nropic efficiency. |t
drive the compressor

5 Volumetric offi
vohmme of ¢
ume of the piston. The »

volume s given by

where X =

P, = Initial pres
Py = Final pr
n = Polyw

99  Retary Air Compresors

compressor, the

" squeezing ac
gine. The maximum deliven
s 25 igh 25 3000 m’ / min. The speed of rotary asr compeessor i s
compressor

Following are the four types of rotary compressor

L Roots blower compressor, 1. Vane blower compressor 1 Cenerfiegal Sower compressor
and 4 Aal flow SOmMPREssor

The first (wo types are known 38 posifive displacement compressors whereas the Last (a9
Iypes W noe-posttive of negaiive displacement compressor:

Lst ws now discuss the above d types of rotary

ror in brief, s foilows
Rwots blower compressor A roots blower Compressor. ifs smpiest florm, consists of two
st with lobes rotating in an air tight casing whick has indet 3nd cutiet ports. lis action resembies
il (it oA 8 geas pump There are many design of wheels. but they generallly bave rwo of three tobes
(anst wamenmes even more). Inall cases, their sction remains e same a5 dows i Fig, 9.6(a) and (4).
The lobes are 50 designed that they provide an air bght joint a8 e pount of thesr contact.
The efficiency of roots blower (also known as roots efficency) 3 pres by

1

|

Lv.ﬂ

el
1

- —X
et

wherc r .3 the pressure ratio (ie Pyl py)- We o that the cfficncy of roots bipwer decreases with

the increase in pressure ato
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.d-‘:--:;u_._d.m-; A lobbed rotoe Similay. he sc  detivere

Fig 96

2 Mame Bower compressor. A vane blower, in its simplest form. consists of  dis otating
eccentnically ‘with inlet and outlet ports The disc has a number of skots (gener sl
410 §) comtaming vases. When the rotor rotates the disc, the vanes are pressed against the Caing
hnwhﬂh&mm

mh,dh_bhw(ﬂmkmummdﬁrhq]-pmh
e

Wit W,
where W, = Workdone due to compression, and
W, = Workdone due to back flow.

1 Comrifugai comp AN ifugal blower . in its simplest form, consusts
dlﬂk#’nﬂt“dﬁmmﬁmﬂmm The rotor rotates in
m&*“umﬁanﬂaﬂhpﬁm The casing for
Y the kinetic energy of air is
hmm“lhmheﬁunﬁnan@OJ

m“—-duhﬂﬁmm‘numm
the air eaters and lcaves their tips tangentially, e without shock.

4 Asicl flow An axial flow inits

by boundary
muua—_—.u*dumumb
arranged stator and rotor: The flow of air is parallel 1o the axis of
compressor.

COMPRESSOAS. GAS DYNAMICS M0 Gas T

In an axial flow compressor, the ratic
compressor in one stage is known s degres

9.10  Gas Turbines

In 4 gas turbine, first of all, the air is
compressor. The compressed air is then
considerably. The hot air is then made
'mparts rotational motion to the runne:
exhaused into the atmosphere. A major part
driving the compreasor. The remaining power

ot Diades 5

st hisad

911 Comparison of Gas Turbines and Steam Turbines

awing are the points of comparison between gas nrtines sd seum trbine

_+ Gas Turbines P
. —

The umportant components are compressar ind | The mpe e a r
“ombustson chamber and scoesaeres |
The mass of gas narbmes ser kW developed o | The oo of sseam netunes per kW developed |
s s lew

3| roquires less space for instailaton It regares more sace

4 The sawallation and runming cost 4 e The astulanes g =

The sartamg of gas urbene u very casy and quxck The waro o Sewm

akes g

5. | s comtrol with the changing load conditions, = B ey, ice
| -y |
A gas nurbine does not depend on water suppiy A stearn Gartene depeads on water suppl |

| & i cfficency s less Its efficency o bgher

#11 Comparison of Gas Turbines and .C. Engines
Fallowing are the points of comparnison between gas farbuses and | C ergires

i Gas Turbames L Sagrmes
Tha s of gas turbine per kW developed s The mmss of s LT engine per kW developed 5 |
eas mure
2 | e nd islens The retaia g cost 1§ more
) | hsefficiency is higher. I efaency 3 e
4 | The balancing of a gas turbine ks perfect. The Salamcing of an L C. engine 1 nof perfest
s The wrgue produced i uniform. Ths no fly- The wmegue produced is not uniform Thus
wheel is required. fly wheei = necessary
6. | The lubrication and ignition systems are d
smple.
It can be driven at a very high spewd. B can mot be dryven af 3 very hugh speed
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Gax Turbines IC Engines =1

L ] ::r---ln_y?«-ﬂh- The pressures used are high (sbove 60 hayy

8 [ The exhaust of a gus turbine is free from The exhaust of an |.C. engine is more poliuin, |

mmoke aad lews
They are very suitsble for air crafty
" n.-.anp-u----qu

913 Qlassification of Gas Turbines

The pas tardemes may be classified as follows :

L Acconding o the path of the working substance

(@) Closed cycle gas turbines,  (b) Open cycle gas turbines, and

{©) Semu-closed gas nrbines.

2 According o the process of heat absorption

(@) Conmstase pressure gas tur and () Cx volume gas turtines

A closed cycle gas tardine, in its simplest form, consists of a comp beating chamber 11:
turbine which drives the g and and a cooling ch & shown in Fig 99 1
!luhnh*'!wh,-': cycle. The air is heated in a hesting chamber 5t comstant pressure an’

d the turbin m“hmhﬁ*ﬁ-mu—

al 22 gically

They are bess suitable for sircrafis |
The starting of an 1.C. engine is simpic |

Ganeinins
s
Fig.99
mwdl'“ﬂh siderably i d by the hot air in two
”l" h "“""-"lﬂ.‘!‘hmhlpmhwl
work and the thermal efficiency of the turbines. For maximum work, e

mwhm--wmd
py == rnes = o o py pyand iy =)
p, = Maximam p sad py = Minimum p

9.04 L en Cycle Gas Turbine .

turbine, in its simplest form, consists of & compressor, combustion cham b<!
aada ::;::k';mtmdc—-' a5 shown in Fig. 9.11

COMPRESSONS, GAS DY MAMICS

Since the comba
continuously, therefore
a continuous com!
bine also works an

9.15 Applications of Gas Turbines -

The gas turbines are mainly used where the
high power and speed are the primary consider
ations. The applications of gas turhmes are a5 f
lows I Eoa

L Itis widely used in jet propulsion unst
for air crafl
2 ltcan be used in ships as the propulsior

3 Itis used in the

4  ltis used in the process of supen harging

9.6 Jet Propulsion

The propulsion umit which obtams te *oxygen fc
ng smosphere, i3 known as jer propuinon. [t s used
capable of operating at high speed. It may also be used

f thrs:

The propulsive officiency is defined as the ranic
Lee m, = Mass of flowing i in kg/s,
v, = Relative velocity of jet 10 sircraft m ms. st
vy = Velocity of arcraft in mvs
We know that thrust power
-, (=)

(Gt
wnd progulsive power - :'—"I—V—

-
OBJECTIVE TYPE QUESTIONS
1. A machine used to raise the pressure of mir is called
(a) gas twrbine (#) LC. engine () compressor (d) i mkor
1 Acompressor must be driven by some prime mover
(a) Agree @& Diagree

3. The compressed air may be used
(@) in gas turbine plants (8 for opersting pocumatic drills

() in starting and supercharging of 1 C. cngues
() all of the above

TWhte the sircrsll usas fla ow onyges for coednaton, € i Sen knows w cechel prpision.
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104 Thermal Condu tivity

Heat Transfer, RefrigeratiOH and We know that smount.of }
= Air Conditioning getaxil.]
== — S nhars s
W1 Introduction — s
{ heat flow through a body

A.‘:an.img 1o Secy 1 s
- budLawel Thermodynamics, heat transfer or heat flow takes place from a Nl 4

hody at a higher
temperaneee i "
Tanafer from ome body 1 s - IemPerature. Following are the three methods of heat Py

L G

d‘:;:rn ksnmdh&un-:ururrommcp-mchonhebmybmhumnhe

Thed'mmr I-nn-p_hzm* Ives remain in fi elative 1o each other
eruuh-na-u:!mdnhymﬁnm 2

s thermal

n one se

ure by 1K |

2
:\lmvwl-m(;ﬂlwcn: ® % 2 process of heat transfer from one particie of the body 10 another by - teough one metre -
e urrent. Mmghmcludﬂ:bﬂdymmnuhm The heat Sifference of 1K. This r =

.mcuegfm-’mml ging i6 ; '\(.& This may als o

3  Radiation @t is 2 process of heat amt hecihess when 3 tem - . —

5 mrerﬁu:llﬂbodybaﬂhly LI n i =
line. without affecting the interven : v o Thie wsit of thermal co al/K .
Tidlulon - . M“"n- Tom mum o m - The rate of heat Mo
102 Newton's Law of Cocling Q-+

A

T‘hebcatmfu-lrmnhubodyma:oldbdybdmll proportional -

¥ 10 the surface ywn as thermal resistance and (T, - T et ey
arca and difference of semperatures between the two bodies. This statement 15 called Newton's [ St sherend resisunce e
10.5  Mest Tramsfor by Conduction through a Composite Wad

law of cooling
103 Fourier's Law of Heat Conduction

Commedon a composite wall consisting of two different maser s -
wansfomed by conduction. as shown i Fig 10.1

R is an imp law m heat which is rep d by the equation, Lt %, = Thickness of first material.
Q-Alﬂ or Q-tAxf.r. @ &, = Thermal conductivity of first material.
i s 4, and &, = Corresponding values for the second maseral,
where Q@ = Amount of heat flow through the body in & unit time, 7,04 T, = Temperaures of the two outer surfaces.
A = Swrface arca of heat flow, taken at right angles to the direction of flow, T, = Temperature at junction posnt, and
dT = Tempersture difference garthe two faces of the body, ‘ A = Surface area of the wall
dx = lmmymﬁlﬂlhehnm“.:ﬂmdm;h Under steady conditions, the rate of heat flow i gives b
direction of . and r-T R
k = Constant of lity known as thermal conductivity of the body L S
From above, we see that the amount of heat flow through a body by conduction is 1?3’#3 e
ta) directly proportional w the surface ares of the body, 16,6 Tl Thoot Tomet bmwmw
(#) directly proportional 1o the lemp difference on the iwo faces of the body, B L SRR A T L DR 4 of
1 ty proportiunal to the thickness of the body, and heat transferrod radially through the walls of hollow thick cylindical piges.
“Consider  thick pipe of ength | carrying steasm o bt liguid st 4 higher e

(d) dependent upon the material of the body.
inFig 102
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- 'll\n.k‘h.!"a] .
of hquid, A il
T; = Ouside (lower) emperature. =~ 1-*=*===>=-=-
of the surroundings,
no= llmdcd“mﬂﬂ.nnhm“ !

3 = Outside diameter of the
pipe. 102
The y -
heat wansfer by conduction through a thick cylinder (Q) is given by

= (T -
- @Q-n
Lilogin, /1)
Note : In case of a composue cylinder, heat tramsfer.
- =G~
e [
S "
107  Heat Tramsfer by Cond sghaTh
Consides a hollow thack wcal shell g liqu ahigher
temperature as shows mFig 103
Let T, = laside (nigher) temperaturc of the liquid, %
T, = Oussade (Jowes) temperature of the surroundings. A

ry = l=side daameter of the sphere, and =
ry = Outside diameter of the sphere.
The heat wamsfer by conduction through a thick sphere (Q) is
given by
Q._“_‘M(_Tl_'_rll Ag 103
L5 |
Note 1 In case of & composite sphere. beat transfer,
Q.WI‘TI)
=
kan
10.8 Oversll Coefficient of Heat Transfer
hﬂmumh—-ﬂh‘,u“ﬂn

w.m“-ﬂ“hﬁmhl
:ndn- 10 8 cold surface, as shown in Fig. 104,
n._mtdbﬂ.i--ilh.ﬁ-d&uuu
hot as well a3 cold faces of the wall, which #ill sct as tansition
““nhtﬂ-ﬁdm which the heat also
.&bﬂﬂ-“wmw‘l
-—Mﬂﬁhd*ﬁ‘.‘l‘h

HEAT TRANSF ER REFIIGERATION AND AR OO0

Let

Adding equations (1), (1) and (.
(Ta-R) PP

ATEALN R N e
W know that rate of heat flow,

Q = Ud(T, - Ty ()
Equating squations (1v) and (v),

189 Lagarithmic Mean Temperature Difference
The loganithmic mean temperature difference (LMTD) fov o best cxchanger 14 given by
Ak~
1,
" log, A /A4
whers A4 and Ay are temperature differences berwees e bot sod cold Muds at entrance and et

10.10 Hest Exchanger
Amﬂhmﬁhh“u-—.dﬂ.muﬂ!‘h--

made in
3 and 1n refngeration and wr ing units. The ing two types of
heat exchangers are COMMON i Use -

1. Parallel flow heat exchanger ;  and 1  Counter-current flow heat cachanges.
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‘*at exchangers, the

a inlet and consequen :‘m-hnaw in the same direction The temperature differ-
AT here thy the rate of flow of heat and the rate of decrease of

SouNter current flow Beat exc
kes place between the ““:::\

& hotest state. The average
= hanger

m

rans e

hanger, the fluids flow in the opposite directions. The heat
Al the moment when each is in its coldest state of when each is
Wammmmm&hmhmmlklﬂowhm

H.11 Perced Convection

In forced o
i “,;_“iw ;’:;“"\*k .lht film coefficient of heat transfer (k) depends upon coefficient of
(<,). vemperature ﬁm‘*ﬁbi Mm (p). thermal conductivity (k). specific heat at constant pressure
characteristic linear dim, nr“:\vf-ﬂgmumwm-ﬂuﬂyarummmm
Sroup as ). From analysis, we may write them in dimensionless

:- )

The dimensionless group

A
Ny = called Nusselt number (N,,),

E s calicd Prandt! number (P,), and %imm*(l‘}
It may be noted that cach dimensionless number in the above equation is the function of some

properties of the fimd The properties of fluid change with temp A pr W
calenlate the properbes a! @ mean film temperature (T;) which is given by

- Bl
where 7, = Mean bulk temperature, and

Ty = Wall surface temperature.

10.12 Free Comvection
1o the froe convection heat transfer, the motion of the fluids is caused by the buayancy forces
.r:snn;hmvuﬁwi“iyd&ﬂﬁdwiﬂhw.mm“ﬂm
heating o1 cooling of the body takes place by complete or partial immersion in the fluid which s an
undisturbed fluid otherwise.
10.13 Radiation
The term radiation is applied 1o the kinds of processes which transmit energy by means of
zmu-p-ﬁemmfh“dni-‘umm“hmm-d
Woruﬁmdhhﬁ.mhn“‘ﬂﬁlhulw.mmmu apart
of the radiations sre absorbed by the body, & part of the radiations are reflected and the remaining
”mﬁu-‘umuqsuum-mu
0= 2.4+0.40
whose Q, = Incident radiation sbsorbed,
* @, = Incident radistion reflested, snd
Q, = Incident radiation transmitted.

HEAT TRANSFER, FEFFIGERAT

The shove squation may be w

The bodies may be black, white, ar »
A black body is one which absorbs al ent
p=Ound ¢ =0
A white body is one which reflects all the ent w

n=Oand ¢ =0

A transparent body (3 one which transmuts a : ¥ T
body ¢t =), p=0,anda~0

An opaque body is one which does not ransmut the mcdent mafianon. Thua for an
body, : =Oanda +p =

19, 14 Total and Monochromatic Emissive Power

nitted by 3 body per amst area and neme 3 calle

The total amount of radiation
power (£). s expressed in W/ m’

.u-ypm-mm.mcmmuf-mun-;r esnrted v &
ent wavelengths. For this purpase, the monochromaiic | pecs
& e It is defined 2s the rate of energy radiated per umif wr=a o0 %
ol pmesssve power is given by

E=[B&.d&
14,14 Seefan Bolteman Law

According to Stefan Boltzman law, the emissive power of 2 Slack hody (i ¢ the total radiation
emvied by a black body per unit area and time is dis propestional W the fowrth power of the

sbsobuie lemperature. Mathematically, emissive power 2 imck Sody
E=aT!
where & = Stefan Boltzman constant = S.67 < 10°% W / m* K*

10.16 Kirchhofls Law

According 10 Krichho(T's law, the ratio of the cmesive power and absorptive power of sil
Muhmmiawmmwﬁwmd‘m}ybkkuy
10.17 Wien's Law

Amm“fm‘lhw,th:pmﬁmd dength (1) ‘»_»lh
mm«uﬁcmﬁsﬁumm&-“mdnbﬁ&#m-uﬂ In other
words,

Age® T = Cucsiant
The valwufmshnlhoqudu!‘wsnl
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N tevimad

the matio ¢

veed

body. |t sy be ne

Same

e ;( tofal emissive power of a body 1o the total emissive power of a black
*t thermal equilibrium, the emissivity and absorptivity of a body are the
jL N1 Grey Body

A grey body is defined as
and wavelength of the mcident
= hlack body at 2 given

one whose absorptivity of a surface does not vary with lemperature
racanon. In other words, if the ratio of emission of a body to that of

; fempersture = constant for all wavelengths, then the body is called a grey
10.20 Refrigeration
_ The term refrigeration may be defined as the e f removing heat from a substance under

g and the temp r
bady below the temperatare of its surroundings. In other words, the refrigeration means s e

ngs.

The practical uast of refngeration is expressed in terms of ‘toane of refrigerstion’ (briefly
mnq--TR) A wone of refrigeration i1s defined as the amount of refrigeration effect produced by
the uniform meltmg of one toane (1000 kg) of ice from and at 0 C in 24 hours.

Since the lascns beat of ice is 335 kJ/ kg, therefore one tonne of refri

1000x 335

1 TR=1000x 3 j in 24 hours = I
i 35 kj in 2 26D = 2326 }J/ min
In actual ‘oac tonne of refr 1on is taks qui 0210k)/minor 3.5 kW (Le
3SK/s)
10.21 Coefficient of Performance of Refrigerator

.

Th a refrig isa d heat engine or a heat pump which pumps heat from a
mwum-n.mw.mmmmmmmn-mn—_
a cold body and deliver it 1o a bot body, is called 8 refrigerant.

mmumwny-ﬁmuc.o:.)humdmm-u

frige 1o the workdone on e It is also known as theoretical coefficient of perfor-
mance.
Notes : 1. Th ! per s the reciprocal of th heat engine. I i
the value of COP is always greater Shan unify.
2. The ratio of the sctzsl C.O P o ical C.O.P is known i f perfo
Mathermatically.
Actual COP.

Relstive COP.= COP.

unw—m-mwm

eycle considered is the reversed Camot cycle. We know

efficiency.
system working reversed Camer cyele, will have the maximum possible coefMicient of
:h-ﬁl::wuihu;ﬂhbﬂl-*-ﬂh‘uhwm
_u.bnapuhﬂ-“*mummmh
n——-lb.—lu.ulﬂwdh“

MEAT TRANSFEF AR . » 389
A reversed ( woriiag I
T-1 diagrams in Fig ¢

(a) p-vdagram

The four processes of the cycle are as follows

Isentropic compre
dsagrams. During this process, no nest s

2 lsothermal compression process. T w 2
diagrams. During this process, heat is rejected by e s W knew G he heat re
during isothormal compression per kg of air

@y = Are

T

1 lsentropic expansion process. This procs
mmﬁum.mhwmm ¢ regected >y he wr
4 lsothermal expansion process. This process = segresenmied by 4-1 on p-v and T-s
“—D-uum.muwﬁ-lbymu Wie ko @t the heat sbsorbed by the ar
‘aummmwﬂmmunnlmu-upbnzq:lm
Gy = Areade 1-T-3
o T, 0y -2 = Ty sy-a) =T, 3 - 1))
‘We know that workdone during the cycle per kg of ar
= *Heat megecesd - Heat absorbed
= Tyisy-ap-T,

.. Coefficient of performance of the refngerance syssem working on reversed Carmot ©

J=(Ty-T, ) Uy-5)

Heatabsorbed = Bl -%) T
COPI = “okdona  Ba—RMm-5) BT,
The C.O.P of the reversed Camot cycle may be mproved by
(@ sing the high (i B of hot body, 7)), o
) mhh—wmh——e«uﬂdwmm
l&lmcordl—-ﬁmnhhhcﬂdu—‘c*m

. -.m-nnq—n—mn——ﬂ
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versed Brayton or Joule Cyc
The Bell-Coleman cycle is a modification of reversed Carnot g

amat Tog Sagrama m Fig. 10.6 (a) and () respectively cyele The cycle is shown on p-

Fg 106
mfbﬂ'pn‘xuum'me:yckmufolIOW'
1. Isemtropic compression process. This
. . J process is represented by 1-2 on and Ty
mbnnglsm.mhuuubsmbodmr:;mndbymm. B
2 C’tumrr cooling process. This process is represented by 2-3 on pov and T
duagrams. During this process_ hear is rejected by the air. We know that heat rejected by the air duning
constant pressure per kg aur.
0-3=¢,(T,-T)
4 £ S hw expansion process. This process is represented by 34 on pov and T-s
duagrams. During this process. no heat is absorbed or rejected by the air
4 Constamt pressure expansion process. This process is represented by 4-1 on p » and
T-s di Durimy heat is absorbed by the air. We know that the heat absorbed by the

air (or b from the refrigerator) during pressure process per kg of air

94-1=5, T,-7)
We know that workdone daring the cycle per kg of air
= Heat rejected — Heat absorbed
mc, (Ty-T)- ¢, (T,~T)

Heat absorbed ¢ (i -T)

Workdone ¢, (53 -T3)-¢, (h-1.)

0]

(i

HEAT TRANSFER, REFFIGERAKLTION AND A T EONING 11

Sumularly, for isentropic expanswn process

Since py

Now substituting these values in 2qus

r,= Compression or expansion
ahere w P

190.24 Vapour Compression Refrigeration System

A schemanis dhagram of a sumple vapous compee
In thes system, a suitable working substance (kpown s =t
sulpivar doxide or Freon 12 1s used. i consists of the |

Candansar —_—
High pressurs 1

vapaur igcee

“gh pretsure byud

resIule vapaur
Low p! Lo ™ —

Fg 107
Compressol The low pressure and temperatere vapour refrigerant from evapursiorn 13
h—:lnmw;mmmwﬂmﬂnn,mnuwmdnahﬂ
mmmmmp—nuw—-mmwumwm:
the condenser through the delivery or discharge valve 5. g
2 Condenser, The condemser or cooler comsists of coils of pipe in which the bigh pressurs
mwmhwuw
- 3 Receiver. Th densed hquid [ i3 sived in 8 vessel known
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L))

SO valve.

4 Expansion valve The expas

an hson valve allows
1 temperature the liquid refrigerant

10 pass at a controlied rate after reducing its pressure l.n:clzm; ".‘*‘ high pressure

3 Bvaporawe A,
= nmmnfmhofpipemwmd\nhqmd-vwnﬁ:wml

-mmm
ize i %-ﬂwwchw'movammﬁimulhwm

m"m-m&_ﬁm ‘€xpansion valve. The low pressure side inchudes
vApOraEr 1o the sucton valve A} YA 15 e cvaporator and the sucton v (L. piung from the
m'nvﬂ’_f‘?ﬂnﬁm
Vapour compression cycle with
'"i*zmu,ﬁx. 108 R essent ?mw.;mfwm“'ﬂ"""'h"“‘"
oy evaporation as discussed below : o i
T Fas T3 Cona 5
= <
2 g
3 | o
A
-i « Eeap |
8,55
Eorpy —e
(a) T-rdaagram (&) p-h diagram.
Fig. 108
L Compression process The vapour refrigerant at low pressure and temperature from the
‘evaporator is drawn into the where it is i ypically. The pressure and
temperature rises from p, 10 p, and 7, 10 T, respectively. The during Pic cumpres
sion per kg of refrigerant s given by
w = ki hy
‘where h, = Enthalpy of vapour refrigerant at 7|, Le. at suction of the
compressor, and
hy = Enthalpy of vapour refrigerant at temperature T, L.e. ai discharge of the
compressor.
2 Condensing process. The high p and temp vapour refii from the
o L B S
3 5 Y Lok 4 into liguid refr

wwm The miu.—-n- and temperature is expanded
2 h‘hnﬂlﬁlﬂubth”ﬂmmuh
nwm-lmﬂhwﬁuﬁwwﬁ
vapurised in the evsporsior

HEAT TRANSFER RE ¢ T

& Vaportsing pr
Imio vapour ref
vaporisation
by the refrigera

The refrigerat
during evaporation per kg

whers i,y Enthalpy of

£
&
g
by
R

19.26 Underconling or Subconling of Refrigerant

Sometimes, the rofr

refrigerant The ultimate effect of und

The process of undercooking s
ing water hrough the condenser of by us
dhis process. 15 also brought about by < ch
= superhoated after compression and underconled Teties
127 Vapeur Absorption Refrigeration System

it s ome of the oldest method of producing refmgeraung =
ot e domestc and large industinal refrigeraning plasss. The

sysigm 5 ammoma. The vapour absorpuon sysiem uses bes ocoorgy ssarad

W vagus COMPETSSIoN systems, in onder to change e omdiiuns
aperaison of the refrigeration cycle

High predsu® ammonia

W3
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vapour absarption system as shown

m"“'mn&i‘ntw m Fig 109, consists of an absorber, & pump, »

These co
R gl W‘t;xmﬂu.mth perform the same function as that of & compressor in vapour compressio
ahsowber where it is absorbed by weak t::mu by ant from the evaporator is drawn inlw::
Somg solation is pumped to the penerstor whoe 8570 forming a sirong solution. This
heating process, the vapour wlkigesiat it is heated by some external source. During the
where it is liquified. The liqusd Wr:l::“ s s o s calrs i the comienoee
pleted. ﬂmmhmmmdlhmﬂwcy:kilm.

T\eC.ORohmmehgimh
cor =5 Iﬁ;ﬁ_-]
L\%§
where = Tummmnwmhbuthﬂmw&:m.

To = Temperature at which heat is discharged
C 10 the cooling water
condenser and absorber, and g

T = Temperature at which heat is absorbed in the evaporator
19.28 Do El (A Hyd:
The mam of & ic el h fi 15 10 elimi the
Pa_p a pamp so that in the
mu“mmmmmn-lm.nuwdmnhmu
lbng::ms_m mmnmmwmmmu—uwm
water.

; : s used as a refn because it most of the desirable properties. The
wu—&w“hmmwmmn(m'dhhdmu
passing ugh the . The b gen s also non-corrosive and insoluble in water The

water is used as 3 solven because it has the ability (o absorb smmonia resdily.

The C.O.P of thes type of refrigerator is given by the ratio of heat absorbed in the evaporator 1o
the heat supplied in the generator.  *
10.29 Lithinm Bromside Abscrpth g System

The hithsum b ide absorpli igeration system uses a solution of lithium beomude in
‘water. In this system, the water is being used a5 a refrigerant whercas lithium bromade, which s o
uﬁm-&--mmmunmmm»mmm.mmh-m

vapour because of its very bow vapour pressurc. Since lithium bromide solution is corosive, there fu
inhibitors should be sdded in arder to protect the metal parts of the system against corrosion. This
#iw#ﬁru“hmh frigerati P F Cme
required.

h:hmh-ﬂ-amanmw.mmw—uw
sbove the freezing point of water (7 C)

i e S wrhich darlos theis (e, cong

i ion) in the refrigeration sysicm absorb heat from a low temperature

: T
:'muumuﬂ--%mm""“mw
e the following propertics -
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The following refr

@) R-11 (CCLF).
pressure refrigerant [t has »
Bar 2t 39°C. The latent heat ot
€. Due 10 its low operating pres:
sor systems of 200 TR and abo
or by wsing an electronic detector The cylinder

@) R-12 (CCLF) Itisa very popular refngerant. 1 sa
‘wth Dosling poent of - 29° C atatmosphenc pressure. [i 1s nee-on <
non- famensble. 1t has a relatively low latent heat value whsch 5
TEcEnCS. reftigerant i3 used in many different rypes of massrw o
-umbxwxm'mcm.mmmm-r Smbtoneyg
wse » found i reciprocating and rotary compressors, but 4 ase @ ceomfugal compn

| mar J g IS N

&- 12 has 8 pressure of 0.82 bar at - 157 C and 2 pressse of
B- 12~ 15°Cis 159k / kg The leak may be detecred by wap
Teak detector The refrigerant is available in 2 vanety of cvia
Ll

) K 22 (CHCIF,). It has also been successfully asc:
hussebold refrigerators. [ is used with reciprocating snd cemfoga
o use X - 12 at below atmospheric pressures in order o bt e low semperatures

The boiling paint is - 41° C at atmospheric pressere. 1t has » tent beat of 216 5 k) /g of
C. The normal head pressure a1 30° C is 10,58 bar. This sefigeramt & stable and i poa-tot s, vor
comosive, pon-irritating and non-flammable. The evaporsos pressess of s refngerant at L}
1.92 bar. This refrigerant has good solubility in o dows & - 5 C However, the o remau 4

gh 1o 1 i 25 low as -4 C The oil will begin w scpar
e @i ok 1 Mok il colis ligesd The beaks

may be detocted with a sosp solution, a balide torch or with m clectrons leak detector. The cylinder
colour code for R-22 1s green.

s ref

eaks m:

bar st 307 C. The latent heat of
torch or an clectronic

yiinder colour code o

empressors. {8 is not necessary

fowicity is secondary. It is alsc wiely weed in alworption syscms. : s 5 chemical sompuod of
”h”d*“m.ba—hp-hﬁnﬂ-
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m——---.ﬂ.“cdn
— - 3 nﬂhqpnlhh-lﬂ- 78* C. The low boiling poin,

b derably below 0° C witho
‘ummthmh-ﬂ\m“ Liout using pres
Tham s g vaporisation at - 15° Ciis 1315 k) /

large ng effects are p with y small sized machinery. The cond, kg

Presmure at WC-lﬂ'ﬂhmmhm
refrigorant is used in large " 2 are usually of water mtb:'dry:‘emrj:‘.:

using
adsamption type systems. Thn.f*unhw-\l-umvdyfemdmmldw warchouse

plants, 1ce cream
; il food freezing plants etc.
candic which in the p y v—-—v---'ﬂ)" d by the use of burning sulphur
white fumes of jum sulphite

“ u""‘ fmﬁnhumwwn::-umaumummmw
- bailing point of this refrigerant 15 w0
ﬂmhlﬂ:\:f 73.6°C) thar ae — lrc.amofwellmn'ﬂuhiwildhmn:t:-
2 conden f+30°C,ap imately 70 bar is required 1o
mﬁhl&lﬂﬂﬂllmnll'cﬂuhkpﬁuk -366°C hhl“mml
pressure, the compressas of a carbon dioxide refrigerator unit is very small even for & comparatively
Nﬂmﬂ . because of its low efficiency as compared to ofher common
tm i household used
nh.n-h. scidom units but is n some industrial applcatiens as !
() Sulphur dioxide (SO,). This refrij is produced by the combustion of sulphur in i In
beiumsyun.:-nﬂy-ndm h "ndm-ll ial units. The bouling point of
sulphur dioxade is - 10°Ca b The varies between 4 | bar
m&zh*wmmmund*m--wcm%
Ulunutm*m-ﬂawmmdhi-ﬂnﬁm
mtu.m—_dmmT\uuﬁa—i-——.mmn

o flowen,
plants and shrubbery.
The leaks i the system with sulphur dioxide may be casily detected by means of soap soluton
or ammonia swab. A dense white smoke forms when sulphur dioxide and ammonia fumes coms
contact.

1031 Alr Conditicaing
mﬂ“hﬁiﬂd“*ﬂﬂhﬁ-ﬁumm
-m-iq intemal it

mﬂﬁu# desirable
‘man J conditions. The following are the four important factors for
comfort sir conditioning -

I Temperatureof sir, 2. Humidity ofair, 3. Purity of ir, and 4. Motion of air.
o which deals with the

The paychrometry is that branch of sngincering scicnce study of moist a1,
uqaﬂm_wq-nmmw..whm

such a8 nitrogen, oxygen, carbos
L aynn‘lhpndmiho““m o e

ST NS
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to the mass of water vapour
and pressure.

5. Humidity It is the mas
expressed 7 terms of gram per kg
Bumidity ratio ]

6 Absolute humidity. 1t is the ma
expressed in terms of gram per c

7. Relative humidisy
sir to the mass of water vape
pressure

R Drybulb temperature 1t s the remperatus
affscied by the morsture

9 Wet bulb temperature 1113
s sumounded by a wet cloth exposed &

W Wet bulh depression

MWL T wuu\w\rnn:mmnk'mz 10 condense. [n words
s the g to the partial pressars of «

Note : For abwrsied ur Wshhulwwmhlhrwﬁrr x™ = us
12 Dew point depression. 1t is the difference berween S dry bul temperature Il dew
jposnt wanporaturs of

19,30 Duiea's Law of Partial Pressures
1 sinten, “The total pressure exerted by ithe mudure
—m g the presswres, which each consiieent would evert,
i ooy words, the total pressure exerted by air and w
poessurs Mathomatically, barometne pressure of th

Py =PtP,
where e Partial pressure of dry sr. =nd
p, = Partial pressurc of water vapour

1034 Paychrometric Relations
The followi s .

Mmt—ﬁ-ﬂ-w-na— It is the mass of waler vapour
p—hlhd‘t’iﬁﬁ vapour xpressed in g/ kg of dry air 1t may
also be of waser -...--h-d’tn- in a given volume of the
uwmmmm

W= am._h_
A

" , of
actual moss of waier vapour
T

2
f! h —'n._' nn-—dﬁdr-i—ununld-
b gt - the ratio of actua!

humﬂ!(&rhﬁwx In other words, it may be defined as
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specific idity 10 the specific of 4 nir at the bulb ature. M
: > A same dry bulb tempera Ma
,.-&[L:.:J
ALA-A
where
P, = Pamial pn of air ing to temperature (1 e or
Sul temperature)

28 .;1! Relarive humsditn. Tt is the ratio of acrual mass of water vapour in a given volume of -
-wu'wun ih-:mdm“nhmmmwr

Nath
pressure M &

PRUNIEE. =
1-(-p) e
Py

Note : For sanarased aie, e relative humidity s 100%.

4 Presswry of water vapour. According to Carrier's equation, the partial pressure of wate:

VEpOGT,
e p - B=P)ly=t)
- b g 1544144 ¢,
where = m:mmmmﬁqu-numtw. stea

P, = Barometric pressure,
= Dry bulb temperatue, and
t, = Wet bulb temperature.
S Vapowr density or absolute humidiry. 1t is the mass of water vapous present in | m’ of ir
ax

=

& wet bulb or temperarere 1t s 15
m--ﬁ:ﬁﬁ:mmhwh ion state, adiab by the evap 0

m-m..
I...‘B MCM

" Mtis a graphical ion of the various th d; of moist s The
mmﬁmhmmﬂhm“hmu-d*(vﬂnmmﬁm the
Field of g) and lot of This chart is drawn for

pher of 760 mm of Hg (or 1.01325 bar).

h.w:ﬁ-ﬂ.dry?ulh temperature is taken as abscissa and specific hu

mﬂy(!l. , a8 shown in Fig. 10.10. The saturation cu
drawn by ph the various ion points st ding dry bulb temp
mwmlﬂulﬂnhﬂdﬂyumﬁuhhﬁh o
represents the wet bulb and dew point temp chart ins the
following important lines -

| Dry bulb iemperaturs lines. These lines are vertical Le. parallel to the ordinate and
uniformly spaced.

2 Specific dity or tent lines. These lines are horizontal Le. parallel to
the abscisss and uniformly spaced.

T MBFER PEse » ~
HEAT TRAN x AND A . 199

aul plasaure n mm of Ny

1 Dew point temperature liner These lines

son-uniformly spaced. Al any pont on the safuraiion carve
are squal
& Wer bulb temperature (ines. These lines we mchaed sSught [nes and n0n-L v

el s0c ez Seib wmperatures are

speced. Al any point on the saturation curve, the dry
S Specific volune lines These lines are obliquely mcined srmghs fmes and uniformiy pace
&  Relative Ausidiry lines. These lines ane curved lmes. and foilow ihe satarstion curve The
samwratson curve represents | 00% relative humidity

.5 Prychrometric Processes
The vanous psychrometric processes mvoived @ s comdimamng W vary the s
of uir ding to the e
L Semsible heating. The heating of sir, without amy chamgs i specific humsdity. is Legwa
ansenmible heating. Let air at lemperature 1, passes cwer 3 heatag cod of temperature {88 shown in
Fig 10,11 (). The temperature of air leaving e deasag ool /g el 5 less than 1,

ﬁ_ Huatng cod
¥ o) t
Ay JoAn ot P §
| o i
K ;
= - :
Steam

Fg W11




T NN,

The process of sensible heating , on the psychrometric char, i§ shown by a horizontal line

fing from left to nght as shown in Fig. 1011 (8), The point 3 represents the surface tempera
. ¢ heating coil. It may be noted that durng sensidle heating. specific humidity remains
Je— e W = W), dry bulb temperature increases from 10 1, and relative humidity decreases

Bome, o,
The by-paw factor (BPF) for the beating coul is given by
prE- i
Wia

and efficiency of the heating codt, ny ~1-BPF= 1700
B AT . T=la
e m‘:m,: ::::.‘:‘( > \\;:'\‘i .m <coling afnf_ without any change in its specific humidity, is known
i N e Al emperature |‘p|sesmtrarwlin.eoiluftzmmmrﬂ.u!-h-wn
TR of air leaving the cooling coil (1,,) will be mare thani,,

~Cooling cod /’
1) L)
)

o b 4
Retrgeran! ——Dry buld lemparaiuis —s

(ér Psychrometric chast
Fig. 10.12
Thrmudmmhq.md:p-ychmc chart, is shown b;

: 5 ¥ & horizontal fime | 2
cxionding from nght = left s shown in Fig. 10.12 (8) The point 3 represents the surface temperature of
the cooling conl. It may be soted that during sensible cooling, specific humidity remains constant
::{W, = Wy). dry bulb temperature decreases from fa 101 and relative humidity increases from ¢,

mwﬂhmhhm'mzl is given by

BPF =0
fa =l
a0d efficicncy of the couling coil, Tl = 1~BPF = 24142
@ ~lay
*: umammmam»um.-&m:mn
nits ks hu

' mmw.mmumrmmu.
without change in its dry bulb temperatare is known ss
b—ﬁﬁﬂnﬁnmnﬂhﬂmﬂdﬂulﬁnﬂﬂhﬂmm- is shawn on the
poychrometric chartin Fig. 10.13 (a) and () respectively.

MECHANICAL ENGINEERING

—Dry baib temperature —e —Ory Sl ismpeaiin —»

(@) Humsdification ¥, Dt
Fig. 101

Itmay be noted that in hurmidification, the relative humidity mcresses m 8 w0 8, and i
Numsidiny sl increases from W, o W, Simatarty, m dehumidificanon. the s < ety de
fram &, 8, and specific humidity also decreases from W, o W,
4  Cooimg and Dehumdificarion. This process >

s gemersily ssed n summer air conditioning (o cool and »
dehumadify the sr. The air s passed over & coohing col or ’.0
Whrough » cold water spray In this procesa, the dry bulb v

/ £

.

*

‘emperaturs s well as the specific humidity of wr decreases.
The fimai miunve bumedity of the air s generaily higher
than that of e eaterng 2 The dehumidification of air 15
only possible sihen the cffective surface temperature of
the cooling coul (Le 1) 15 less than the dew pont tempera.
e of e ar cossring the coul (ie. 1 ). The effective sur-

Fy

-Sp. hum iy

-
hmdmemlukmwlnuammudf- .
powss (brety artiza as ADP). Fg 1214
The cuniing and dehumidific ation process shown ia Fig 1014
Uncisr aeal the dry bulb of the air leaving ®e cooling cuil (Le. 1,,)

bkl be aqual w the surface lemperature of the cooling col (e ADPY. but « 1 never possibie due
--‘n—ndhu&.aﬂ.mﬂu‘hmwd-mmu!mﬂml s
-—-hl—luh“hmm“ldl

A—b-*ﬂwhmhn-‘nMnb’nhw
Curve in Fig 10.14, but for calculation of psy only end ponts are important
mu“-“mmmw--unu-—mmem
apath 1A (Le uﬂm;-ﬂ-m.w.h-& 1214 We soe that the total
ummuummmmﬁ-&__i

L R A R R gy
‘where: LH = hy~h, = Latent hea
reduced moisiure content (W, ~ Wy, and A
SH = h, - h; = Sensible heat removed.
‘We know that sensible heat factor,

Sensiblehest Mk, -
Towlbeat  LH+SH by

of vapous of the
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S Heating and Hemidification. This process & generally used in winter air conditioning 1o
waren and homvidify te gir It is the reverse process of cool #
img and dehumidification. The process of heating and hu- Pk
mxficanon is shown by line 1-2 on e psychromeme chart, ( Y
as shown in Fig. 10015, The air eaters at condition | and
leaves at condition 2. Ta this process, the dry buld tempera-
rare as well as specific bumidity of air increases. The final
relative humadity of air can be lower or Mgher than that of
the entering aur

1 =
——8p. hum ity —s

=

Actually. the heating and humidificanon process
follows the path 28 shows by 2 doned curve in Fig. 10.15.
buz for the cakeulaton of psychmometric propertics, only A t
the end points are imporane Thus, the heafing and hu- STy POC R
midification process shows by kne 1-2 on the psychromet- Eg ThAS
< chant may be assumed 10 have followed the path 1A (Le. heating) and A-2 (L.e. humidification) We
know that sensibic best factor,

el
SH « LN h:—h.
6 Heaning amd Deramsdification (Adiabatic chemical Dehumidifi This process is

mainly used m m-nz zir conditioning and can be used for some comfort air conditioning
instalianons requiring either a low relative humidity or low dew point temperature in the room

In this process. the 2ir is passed over chemicals which
have an affinity for motsturs. As the air comes in contact with
these the pets d: d out of the air
and gives up its lment hest Due 1o the condensation, the
specific humidity decreases and the heal of condensation
supplies sensible heat for heatng the air and thus increasing
its dry bulb temperatere. The process, which is the reverse of
adisbatic saturation process, 13 shown by the line 1-2 on the = o o
psychrometric chart as shown is Fig. 10.16 The pathfollowed  _ 5 pun S
during the process = along the constant wet bulb empera- T
ture hinc or constant enthalpy line. Ret01e

The effectiveness or efficiency of the dehumidifier is given as

Actual increase in DBT _ 1y, -1y
Ideal increase in DBT 1310

OBJECTIVE TYPE QUESTIONS

Ny =

(B) First law of thermodynamics
() Kirchhofl's law

2 Conduction is a process of heat transfer
(@) from one particle of the body 10 another without the actual motion of the particles
) hmuﬂdulﬂynmhhﬂmdhmm
ot body 10 a cold body, in a without thy

 medium

433

y the

HEAT TRANSFER, REFRIGERATION AND AIR CONDITIONING
3. Conduction is the s of heat ransfier from one parncle of the body 10 snother B
actual motion of the
(a) True
4. Radiation is the p
fime, without affecting the mtery
(s) cold body 1o hot body
{c) smaller body to larger body
8. The process of heat transfer from one
the heated particles, is called
(a) conduction (b) comvection ¢} radise
% The process of heat transfer from a hot body
affecting the intervening medium, is called radiatien

5 F

() Troe (
7. The process of heat wansfer from one particle of the bady o wcther = Zafle $ "
when the particies of the body
(a) move schually (3) do not move wctua

tc) aifect the intervemng medium (d) does st affect the muerveming medium

& lncase of solids, the heat ransfer takes place sccording fo radiatics

fa) Casvect (b) Incorrect
9 In case of liquids and gases, the heat transfer takes place sccordag B

@) comducton (b) convection (c) radiabon @ none of these
1. The hout of sun reaches to us sccording 0

) comduchon (%) convection (c) radiation £) nooe of these
§1.  The wasafer of heat by molecular collision is known as

(@) comduchon (&) convection (c) radisbos J) none of these
12 The wamsfer of heat by molecular collision is smallest n

() soinds () liquids (c) gases @ none of these
B The heatis ferred by i and ractance =

(o) melng of ice (6) bouer farmacss.

(5] of steam in cond {d) mome of Bese

[N Th_lmvhlmwdhoh&u—hl-mmvmu
_conductor of beat.

(@) good 5) bad
15, The heat wansfer from a hot body to & cold body is disectly proportional to the surface wrea
and difference of temperatures between the two bodics. This ssssement 1 called

(a) First law of thermodynamics (5) Newwon's law of cooling

(¢) Newton's law of heating (@ Swcfun’s law
16. The transfer of heat from one body 1o another whes place only when there is 3 lemperature
differonce between the bodies. J

(@) Yes @) Ne
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ms. ) 8. () 187, (@) 188, (b 189 (o) l
™. 9. @ 193, @) ™ (@) 198, (&) I
. @ 198 (@) " 0. (& 01 (D
™M TEC e w0 ) Theory of Machines
. ) Mo @ m. @ ML B M. (a . .

28 @ 6. @) nn @© 18 (a) 9. (@

m, & 2 @) W @ W (B 28 (@ FLT Introduction

22 e @ W () 230. (5 D1 (9 .
233, () ™ @ I8 () 236. (@) 7. ) ol
239, @ M @ M1 (a)(3) 242. (a) 243, (@) simply ltak) of an elemen

2 A link or clement e

45, (@ M B M47. (o) 248. (b) 299. (o)
1 Be & renistant body if it i

250, (&) 251 @ W @ 25 (@ 254. () 158, (a)
256, 3 287, (& 2% @ 259, (d) 260. () 261, (& 1.1 Kinematic Pair
262 (a) 3. M. @ 265. (b) 266, (o) 67, (w)
268, () 269, (& m © 271 (&) 272. (a) F 1 N - “
. @ M8, (o 2%. (o) 271 (d) 27 B 9. (o B o
b ® (g 283. (a) e (@) 88 (o -
257. & 288 () 289, (o) 29. (@ B (H
® 293 () 4. () 295. (a) 2% & ™. - . :\Il s
298. (B 299, (@) 300. () 0L (9 302 B 30 (@ S y the piston anc S M. ST

MG s 36 (B) . () 08 @ 309 &)

. & 3. 312. (b 313. (b) 34 (B 35 (@ \nuw«-' = et . e

NE @ ML ) ) BiiaR e o, @ et

el R R T T e B ittt inssotisimation. Wiiaosaalinis g o

328. (a) 329, (a) 330. (@) 31 (a) 332 (9 3. H Ban ane dwecuon. then the motion 15 called an incompietely oo . A circular bar or

BL @) 08 6 BEND TR 3. o) :::::*‘1_‘}:‘:;_‘::"“::“‘fu‘fx‘"'“"::“n‘;'f:wm R —— N i o

340. (&) ML & 342 (b)) M3 (b) M4 (b) M5 (o) S — s e

Mo () M1 @ M @G s ® 8 sch that the cor 4 motion is nat completed By itsell, bt by some other means, then the

s (b 383 (a) 4. (@) 355, (a) 38%6. (a) 387, (a) motion & said 10 be successfully constrained motion. The motios of as 1.C :I“\[m-_ alve (these are

ISE. (5) 359, (&) 360. (&) 361, (b) 362. (a) 36, (© ?-mlr::':::;;mrepmonrccypmum'uu.hnm.:,.m-k”"qx,“mv\_.

Mol ME e MELON ISR et o R——

0. () L (& mn. W 373 (b) I () 378, (a) i 114  Classification of Kinematic Pairs ;

6. (0) 377. () 378. () 379. (d) 380, () WL @) The pairs may be classified ding w e following considerastions

IR e s T ...ﬁ.l :f;.".:“;‘,fm’.iﬁi’:w“.{: oy e

ey o s s vt “ 292" o) (a) Sliding pair. When the two elements of 2 pasr are comnected in such o way that one can
@ @ 8. @ only slide relative to the other, the pair s knows 23 8 shiding pair The piston and cylinder,
cross-head and guides of a reciprocating steam engine, ram and its guides i shapesr. tail

Lk
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stock am the lathe bed cic. are the examples of & shdig pair. A little consideration will
<how, that a shding pawr has a completely comstramed moton

(3 Turmimg patr When the two elements of & pair are connected in such a wav that one can
only mrm or revolve about s fixed axis of snother link, the pair is known as tuming pair A
shaft with collars at both ends fitted into a circular hole, the crankshaft in a journal bearing
™ an engine, lathe spindle suprorted in head stock, cycle wheels turning over their axles
e1c are the examples of a turning pair. A turning pair also has a completely constrained
malon

¢ two clements of a pair are connected in such a way that one rolis

S pair s known as rolling pair. Ball and roller beanings are exaniples

(€) Rolfg poir Whe
over another fived i
of rolling pam.

(@) Screw pair When the two clements'of a pair arc connected in such a way that one element

can tum about the ather by screw threads, the pair is known as screw pair. The lead screw

of a lathe with mut_ 3nd bolt with a nut are examples of a screw pair

Spherical pair. When the two clements of a pair are connected in such a way that one

clement (wizh spherical shape) turns or swivels about the other fixed element. the pa

formed & called 2 spherical pair. The ball and socket joint, attachment of a car merroe, pes
stand etc | are the examples of a spherical pair

2 According 1o the type of comtact between the clements The kinematic pairs accordang b

the type of contact between the clements are as follows:

(@) Lower pair. Whes the two elements of a pair have a surface conatact when relative mot
takes place and the surface of one clement slid=s over the surface of the other. the pasr
formed is known as lower pair. It will be seen that sliding pairs, turning pairs and screw
pairs form lower pamrs.

(8) Higher patr. When the two clements of a pair have a line or point contact when relativ
motion takes place and the motion between the two elements 15 partly furning and parn
sliding. then the pair i kaown as higher pair. A pair of friction discs, toothed gearing, bel!
and rope dryves, ball 2nd rofler bearings. and cam and follower are the cxamples of higher
pairs.

1 According to the type of clasure. The kinematic pairs according to the type of closwe

between the clements are as follows.

(@) Selfclosed pair. Wiken the of a pair are
such a way that omly required kund of relative motion occurs, 1t 1s then known as self closed
pair The lower pars are self closed par

() Force-closed pair. When the two i f & pair are not
mw‘mwmbytelnimofawml forces, the pair is said to be 8 force-closed pair
Thmmdhnv-winu-wkpfﬁnezwwir.uhhhpthmmbymIums

{

d ¢ mechanically 11

d Iy but

extried by spring and gravity
1.6 Kinematic Chain
A kinematic chain may be defined ‘ i ic pairs, joined in such a way that
-ﬂuh_-panmuhueuwhﬂnmmhhhm-hnmuiuuwlﬂ:ly
e fislly Ssad For et shaft of an engine forms a ki ic pair with the
mnmmﬂumm-ﬂtumm.mwmm
mumcmwduwmmawm.mﬁm

of these links is a kinematic chain

THEORY OF MACHINE & a4

pumber of pa
of an equation

Since ina ke
links as the number of pair

Another relatio
# kinematic chain 1s g

Ia arder 0 determane the n.
kimematic chain or unconstrain
sumber of binary joints, as given by AW K

whers Number of binary jor

R M. S, then the chain 1 3 kimemaric chaoe and

comstrained chain

e Mechasism and lnversian
When ome of the links of a kinemanic chain is fixed,
wnd for wassetting or transforming motion ¢ g engine
A mechanism with four links is known s sumple meckgmem o
e s Niiks. 15 known as compound mechanism. '~ hen 3 mechan
oot do some parncular type of work, it then becomes 3 machine
lements have © be designed 10 withstand the forces (both stame snd kmetc) saf
Wmay 5o noted that we can obtain as many mechanisms 33 e swmber of inks i knematic
gl by fing, in turn, different links 1n 2 inemanc cham. Thes methed of obtaining different
mmehamssens by fixing different links 1n a kinematc chain, = knows 25 sversios aof the mechanism

2 e

BLY  Types of Kinematic Chains and their laversions
The most important kinematic chains arc those winch comsest of fiour lower pairs, each pair

uwing & sliding pair or & turning pait. The following three types of kanematic chamns with four lower
.‘”---l:
-l L Four bar chain or Quadric cycle chain it consisss of four ks, cach of them forms +
g paie. The inversions of four bar chain are as folivws.

(@) Beam engine (Crank and lever mechanwsm).

(8) Coupling rod of a locomotive (Double crank mochamssm)
i ‘Watt's indicator mechanisim (Double lever mochamsm)

Single slider crank chain It is & moxhficanon of the four bar chain. It consists of cae
ait i thyee tarming pairs. 1t i, usuaily, found is reciprocating siear engine mechanism. This




e e,
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a2
7. When arigid body s
va) Pendalum pump or Bull engine, the sction of the force of gravie ¥ is known &=
' Owcillstmg cyhinder engine. The pesiodic time for 4 compound pes givend
) Rotary imternal combustion engene or Grome eagine. 1 ok &
i, =2n

od lever quack retern motion mechanism. -
ck return motion mechantsm of cecillation, ‘.\ : !

& chain Tt consists of two sliding pairs and two turning pairs. The
n

ank chaw are a3 follows:
where kg = Radius of gyration sbowr se
13 through the centre of gra
ity G and perpendiculer 1o the %
11.8  Simple Harmonic Motion plane of motion, and
h = Distance of point of suspen-

ic harmonic motion, if it satisfies the following two condition
sion O from the centrs of
; gravity G of the body.

A body 15 saad 10 move with i
o 1 always directed towards the ceatre, known as point of reference or

& The mimimum periodic t

poss
on 15 proporuonal 1o the distance from that point.
: t,=2n =2
The velocaty of a body moving with simple harmonic motion at any instant is given b ' s
B % The oguivalent length of a simple pendulum, which grves Se seme froguency as com:
ot L pownd pencuium 4
where = Uniform angular velocity of the body is rad/s,
= Radius of the circle along which the body moves. and t
% Displaccoucal of e Lod i S R e M The comtre of percussion is below the centre of gravity and & & distance of L Ik
The velocity is mzimun: at the mean position (Le whenx =0). 5 Te
- " . distance between the centre of suspension and cenwre of percussion 8 equal w0 the
2 The acceleranon of a body moving with simple harmonic motion at any instant s given b
FEh puivalent loags of 2 sumple pendulum.
The sccclerstion is zerp 8t the mean position and maximum when x=r. = '-“'"‘ endofa ‘k‘:l':ﬁ:"":"m':::‘:' lv""l:f:d amd he other ond carries 3 load W
el m e sumple harmon, on, penodic time.
3 The mausmem dusplacement of a body from its mean position is called amplifude "
4 The time takes for one complete revolution of the particle is called periodic time Tt is given ] s 3
by 3 e
‘, rzzlmwcxn-is-JxJzieconds s
a i a=— =
5 The number of cycles per second is called frequency. It 1s the reciprocal of periodic time. It $ K m\8
is piven by e 13 The periadic time of a ifilar suspension or torsons! peadiabam @ given by
o 1 fa
PP 2n i
= 2=z t,= -—:‘Z‘E

6 The periodic time and frequency of osciliation of a simple pendulum depends only upon
its length (L) and acceleration due to gravity (g). Math lly, for a simple

L
Periodic ime. p = hJ;
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> contre and perpendicular 1o the plane of motion 1«
‘*msmnﬂ

he in space during a definite motion of the body is called
wv‘:p:::mlu——-mmuumimrhmwukb.,d_.
cemrrode.
The instantaneous centre method of analysing the motion is a mechanism is based upon the
concept that any displacement of 8 body (or a rigid link) having motion in one plane, can be consiq.
ered as a pure rotational metion of 2 rigwd link a3 & whole about some centre known as instantancous
centre or virtual centre of romtion.

Tt may be noted thae the velocities of the points on a rigid link is inversely proportional to the
distances from the poats %o the dis dicular to the line joining the point
0 the instantanecus cence

The number of centres ina matic chain is equal 1o the numbe;
of possible combumanons of 2w links. If # are the number of links, then the number of instantan o
centres are

P )|

2
The following prop of the i centre are |
L Arigd lk roustes instantancously relative to another link at the instantaneous centre {0

2 The two rigsd imks bave no lincar velocity relative 1o each other at the instantan:.
ceatre. Al thes pomt (ie instantancous centre), the two rigid links have the same linear velocir,
relative wkﬁrﬂh&hoﬁnmﬂxhnhﬂydh—-u'-mmmv: "
third rigad fimk will be same whether the instantancous centre is regarded as s point on the firit g |
link or on the second rigid link.

h.—ﬂ—nﬁi—mmmudﬂﬂhﬁﬁum
‘which remaun m the same pls ¢

(@) Feead centres. The
fi of the ism, are called fixed i centres
@) Perm tres, Thei yhich moves as the mecha

uhnmhkp-udpﬂmmnnlhdpl_'-qua—u

(c) Neither fized nor permaneni insiantaneous centres. The instantaneous centres wh..
vary with the configuration of the mechanism, arc called neither fixed nor permanent instantancous
centres.

The foliowing rules may be used in locating the iny centres in & mech

L mﬁmw““‘b"ﬁﬂjﬂﬁ(ﬂ'ﬁvﬂ}\ﬂw.hMMIr:cmn:
Ties on the centre of the pun Such a i ceatre is of but if one of the links
15 fixed, the instantaneous centre will be of fixed type. .

2 When the two links have s pure rolling the instantancous centre lies on their pount
of contact.

3 Wi fixed link having straight surface, the instantaneous centre lics

st infinity and each point on the slider hawe the same velocity.

4 When the slider moves on fixed link having curved sur
curvature of the curvilinear puth in ,

mawws 445
110 Valocity snd Accelerstion in Mechansms

e velocity of any pomnt on 3 imk i respect 1 another pownt on fhe same ink 18 slway?

wmﬂ:hu joining thewe poants on the configeration 'or space dhagram

(3] Veiocay
Fg 12
Eoamider two points A and 8 on 2 rigid link A2, s shows m Fig. 11.2 (2). Let one of the
() of the link move relative 10 A, in a clockwise direcon. The relasive welocity of B with
e vy,) is perpendicular 1o the line A2
Again, consider two pomnts A and 8 on 4 nigid link, 33 showa = Fig. 10.2 () Let the point #
W respect 10 A. with an angular velocity of o rad / 5 snd ler @ T be the angular
‘the link AB. We know that the acceleration of 1 parmcie saose selociry changes both
. o direction, has two componenta. 1 e radial of conrpesa compement and tangential
These rwo components are perpendicular 10 cach Ster
e saial or contripetal component of acceleraton of § wirh sespect 1 4. = given by

gy, = 0 % Lengthof link A8 = o XA = vl | AB £ w=vy, I AB)
W sl component of acceleration acts perpendiculir 1 e welocey a0 0ther words, it
nk A8
P of of B with respect w A, & grves by
g, = AXABS
walm«mmmpﬂumnm--h In other words, it
1o the hink AR
acceleration of the link AB 1s given by

Ay =ap, /A8
of Acceleration
on one link is sliding along another rotanag ek wech
on mechanism, then the Coriclis componens of acosl-
in0 account. It 1 the ngental composeat of the
‘with respect to the coincident posst om the link.
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1162 Mochanisma with Lower Pairs e
W know that when the rwe slments of & pale have & surface contact and A Feiative motion : ’

ks place, the surface of one clemeat lies over the oibes, the pair formed s known 82 lower pais & A ’
The mochanisms with lower pairs are as follows: 5
Juce fo an enlarged or a reduced scale and

@ P aph. Itis an i wsad W rep -
xnﬂhumuﬂmhlﬁ_ﬂnmdmmwm.w
pars.

chafts (£ p.m ) Tespectivaly

{ he cross ham.

() Exact straight lime mosion mechanisms made up of hurning pairs. These mechanisms wre TR
=

() Peaucellier mechanism, aad (&) Hart's mechanism

(€) Exact seraighs Eme motion of one sliding pair. The Scott Russcll’s s cafled force of frictuon o0
mechanism is of this type. Simce the friction and wear of & sliding pair is much more than those of
rumning pair, therefors this mechanism is not of much practical
() Approziman seraipht line motion mechanisms. These mechanisms are as follows

I A farce acting in the opposite direction to the motion of the Sedy

e friction expericnced by a body, when at rest. is known i stame fracsion

e iiction, expencnccd hy a body, when in monion, o knows ws dmemac or bvetic friction
Boes than static friction. The dynamic friction s of three rypes. ce dading frcnon, rmolling

() Wan's mechamesm: () Modified S | mechanism, (iii) Grasshopp L
(i) TebebichefT's mechanisem: aad (v) Robert's mechani -
frictional force, which comes 1nto play. when 2 doady just s 10 shde over the
11.13 Steering Gear Mechanbm e otber body, 15 called limiing friction

" e dews of satsc fnction are as follows
L8 Thefrce of friction always acts i a dirextion, opposie ' Bt 2 w22 e body iends

The steering pear ism is used for changing the direction of two or mare of the whee!
txles with reference 1 the chassis, 50 23 to move the sutomobile in any desired path. Usually the v
back wheels have & common axis, which is fixed in direction with reference to the chassis and the
steering is done by means of the front wheels.

The condition for correct steering is that all the four wheels must tum about the same instan
tancous centre. The fundemental equation for correct steering is

e magnitude of the force of friction is exactly equal w e Sorce. whch wnds the body

e magmaae of the hmuting frichion (F) bears a constant raso = e sormal reaction (2,

cotp-cotb=c/b
where 42248 = Angle through which the axis of the outer wheel and inner » hee Mathematically.
turns respectively, FIR, = constant
£ = Distance between the pivots of the front axles, snd of fncuon 15 independent of the area of contact. between de Two surfaces
b = Wheel base. of fncuon depends upon the roughness of he sarfaces.
In case of Davis stoering gear, the condition for correct steering is ( a : -
wna=c/2b R

where @ = Angle of inclination of the links to the vertical.

mm.ﬁ--ﬁh-ﬁmhmmw.wmh
tween the A and Davis steering 3
L The whole mechanism of the Ackerman steering gear is on the back of the front whesls.
Mhlbbhﬁﬁ.lhhh‘ﬂ'“‘-
2 The Ackerman steering gear consists of turning. whereas Davis steering gear 600~
sasts of sliding members. R it -
11.14 Usiversal or Hooke's Jolnt ; ;
: "’w

o
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The Aming

e avmal eacton 8, From Fig. 1146k
ma = FrRy = wR IR =p

The angle of repare is defined s the angle of inclination of the planc () at which th. .

BRI 10 move down the plane, as shown in Fig. 114 (8).

The mumimum force requined to slide a body of weight W on a rough horizontal plane, as gp,.,,

mFig 114¢), i grven by
P= Wsng
Whea 3 body of weight W i required 1o move up the i
5 \ up the rough inclined plane whose 4.
;:::’mmoem-s n.h&ﬁnwpﬂubﬂlp‘mk\mn;:;r‘n
P = W(sina+pcosa)
Ba= —o-mummumw.w the b
The screw ok, wsed for raising or lowering the losd, works on the same principle as th,:

"Wﬁ-'hrhduh:l-'dwbwd.il square
; placed on the head of the hreade
M‘mbh“ﬂnm&ddﬁh‘h&gwb-u'.l::n.‘-

m&m-umahmnmmu Wis given by

where

F= Wun (a+9)
and the effor: - e ’s
Fegm=red al the -___p_u.,-'lmh
P= Wan(¢-a)
o @ = Helxangle, and ¢ = Angle of friction
m:ﬁi‘;dh_ﬂimb’ =
- ma
= tan (a+¢)
cificicacy of the - i
is given by h”‘“*“'“""l‘&mnmclm-:. y
o« iaiet
Notes: 1. The effics eif I P
57w i said 10 be Overhaniing. A5 Texs thaws SO%. I the efficiency is more than 50%, then e
F 3 h_d'ﬂﬁ“*‘h‘m)u’_h
where 5

MECHANICAL ENGt (-, -
angle which the rosulhiant reaction & m,, y .'

T T EEEEE—S—S—SSS=—m
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The collar may have flat be
commonly used. There may be a 5
seduce the intensity of pressure

A listle consideration will
‘hearing may be good over the whole
srubbing surfaces is uniformly distribure. »
surface will not move with the same velocity, becau
the distance from the axis of the bearing. This mear
this causes io alter the distnibution of pressure. Hemce.
sssumed that

I.  The pressure is uniformly distnbuted throughout the Searng serface. and

fars o comcal beanng surtace. et the flat sarfacs

las ar several zollars slong @ fengt of 4 shait

n he stad

2 The wear is uniform throughout the beanng surfice
Lt us now study the expressions used in finding the frctonal torguee Tansmsned by different
types of bearngs

{a) Fricsonal lorque transmutted in a flat pivot beanng,

2
TeZuuWR o
3

==xpWR sesaderng anform mear)

) Frenomal rorque transmutted 1 a conical prvot beanng,

3
=—xpu WA coseca

r Commueraq miorn pressure

=—xuWR coseca Zomanderag s form wear)

‘where W = Load transmitted to the beanng.
R = Radius of the shaft, and

@ = Semi-angle of the cone.

@ P wrque i ina or

2 @’ - |
Ta2xpWoosea| 2 )
3 ('if‘('z?‘_! Conmdernyg unform pressurs)

d comscal preot beanng,

1
-;np’mu(qn}).u"“l — (Commidering uniform wesr)
ryand ry = Extenal and intemal radius of the conical bearing, and
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- .
N 1 T frcnonsd tnqe wansmined by @ dise o plate chich o ame as that of flat collar bearing
L im a disc or plae chusch, if there are a, member of discs on the driving shalt and #, are the numb, .
A 0 e dervem shaft, then the mumber-of paies of contact surfaces will be (v, ¢ 1),
**‘---Mdmﬁmmp-mhv,.g

X The que

Y017 Flat Bekt Drives
The power from one pulley 1o another may be transmitted either by open belt drive or crosse.
belt drive. The apen belt drive i wsed with shafls arranged parallel and rotating in the same direction,
The crossed belt dnive is used with shafts arvanged parallel and rotating in the opposite direction
The velocity rato of a delt drive is the ratio between the velocities of the driver and the fo!low.,

aF driven. Due 1o s)p of ek the velocity ratio of the belt drive decreases.
of radw », and », and at 3 distance x apan. are connected by means of ,

When two pulievs
open belt drive, thes e lengeh of beilt,

2
Lxl(qfa)O‘jJ)—OZJ
X

mkm“wbywdlmbﬂt&iw.mlmgm of belt
1
L=x(s+r)s 830 o
x

The crocp in belt drive © due lo uneven
exicnsions and contractions of the belt when it
passes from trghe nde o slack side.

Fig 11.5 shows 3 open belt drive in which
lh:drlrhvgp-lkylurmvnmmdﬁvmpd-
kyruldb-u)arou:numdwkwi:
directions. The powsr transmsned by the belt,

P = (T, -T) v (in wans) o
T, 2287, = Tensions in the tight side and slack side of the belt respect»c

in newlons, and

where
¥ = Velocity of the belt in m/s.
'lhm:odbvthﬂubelﬁvuhﬁﬂby
T _ o 4
7 . - "'[r;J o
where B = mumu-umwmmm.m
@ = Angle of contact in radians.

The centrif

fiod by the belt is maxim
the belt) is three times the

11.18 V- Belt Drive

A V-belt is mostly used in faciories snd w

{ransmitted from one pulley to another when the rs
The V-belts are made of fabr

These belts are moulded 16 a trape: "

for short drives 1 ¢ when

weually from 30° - 40° In or

e I multiple V-belt drive
divided between them. When
same time

The ratio of driving tensions for the V-belt dr

I Bna mpe drive, the ratio of driving tonsions 15 same a3 that of 'V ek 4r

1P Toothed Gearing

e shafls are at a small

rciiable service and compact

 Ipout The goars may be classified as follows

K decording 10 the position of axes of the shafls. The ases of the two shafls betwesn which

© be ransmitied, may be

) Pamaliel, (5) | and () N nag and son-parallel
hm-ﬂmphﬁnhhmmhwtqu&miklmmﬁun

-.mmnulld:wmn-dhwsimuuwgmmg

1 o spur gearing is hefical gearing n whxh wed we mebined 1o the aus

™~ -ﬂwmumﬂ-—-‘nmmm

-lndn-mwhl-ul-dm‘l\-\numﬂlw

““thhdh_i“u&uﬂml-
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m/s are termad as fow velociry gears and gears having

The goans having velocity less than 3
velocuty derwoen 3 and IS mvs are known a3
Sun 1S mA ten these are called high speed gears.

1 Acconding to the iype of gearing, The gears, according 1o the type L
Classafiod as

(&) External gearing, (5) Internal gearmg. and (<) Rake and pinion.

In exsernal gearing, the w“”wm mesh externally with each other. The larger of
fhese two wheels in called v wheed and the smalier wheel is called pinion. JASELRC poaring. he
mation of the two wheels is always wnlibe

In inzermal pearing. the gears of the two
these two wheels is called anmsiar wieel and the smalicr w

he mobion of the Two wheeds 15 ahways like
Somctmes, the gear of a shaft meshes extemally and internally with the gears in a *straight line
Such type of gear is called mack and pimon. The straight line gear is called rack and the circular wheel

= called pumon.

11.20 Terms Used in Gears
The following t=rms. which will be mastly used in gears, should be clearly understood at this

stage. These torms are ileszrased mFag 1160

madinm veliciry pers. 1f the velocity of gears is more

shafts mesh internally with each other The larger of
heel is called pinion. In an internal geanng

Aggendum Circie
PRCh yurtace ewment

‘f. Wening depr

N

et il

Cucular pitch Tooth space
Raoct or Gedandum circle
Fig. 1.6

-

——
THEORY OF MACHING & 452
& Addendum 1t i 0 . ; o e gl ot i ¢ the 1oth

1. Dedendum
tooth
& Addendum circle 111 . . et
the pitch circle
9. Dedendum circle 1t is the circle dryws e b vt i ol snlle
foot circle
Mete: Root cwrcle diameter = F
10 Circular p
# point of one tooth
- Mathematically, circular p

A where

A Nasle conmderation »
whsels have the same circular pich
Bate: M D, wnd 0, are the diameters of the \ T " Se st T_amd T, sespectively, then fior
o mesh coresthy

B Dismatral pitch. 1t is the ratio of number of teeth 1o e putch Srcle Sameter in millimetres
Wisdmoted by p,, Mathematically, damen al pich.
F = ( =D\
- e
\ T)

o S

T = Number of teeth, and
1 Mesiade. 1t is the ratio of the pitch circle diameter muilumetres % e cumber of teeth. fti
m. Mathematically, module,
m=DIT
2,16, and

of modules in Indian Standardare 1,025, 1 5,2, 25,0.4, 5, 6.8, 101
1375, 175,225, .75, 3.5, 4.5, 8.5, 7.9 11, bhand 18 are of necond choicr.

D = Puch arcie dameter




’ MECHANICAL ENGINEE NG
0 — .-ﬁnh‘ﬁﬂnﬂmhw surface
X dhuﬁmd-pﬂwhmw
2 w domd Tt s the surface of the top of the woth,
I Fioce wideh s the width of the gear tooth messured parallel fo fts axis.

ofile It Amccumﬁ!mdb!*m-‘““*m'
Fulles radius nummnmhmﬁthuhmﬁk“‘h“w"‘

X Park of consact It uhp‘“hhm“rm"rm teeth from the begin
Ring 1 the end of engagement.

25 Lenmgeh of the pash of comsace. Nt i e length of the common normal cut-off by the
addeadum circles of the wheel and pimion.
37 Arc ofcomsace. It is the path waced by a point on the pitch circle from the beginning (o the
end of engagement of a gives pair of weth. The arc of contact consists of two parts, (e,

(@) Arc of approach Tt is the portion of the path of contact from the beginning of the
Frgagement o the prech post

(8) Arc of recess. It s the porsion of the path of contact from the pitch point 1o the end of the
mgagement of a par of etk
Vate : The ratio of the length of 2x of comeact ircular pitch is kn wiio i.e mumber of (s
if toeth m comtact 3
(121 Law of Gearing

According to the law of gearimg. the common normal at the point of contact between 3 pasr o
seth must always pass Swough the pitch point.

The following pownts = consection with the gears are worth noting:

(2) The velocity of shdmg of teeth is the velocity of ane tooth relative 1o its mating 1o
long the common tangent ¢ the pomnt of contact.

() The velocity of darectly jonal o the distance of ih
e ¥ prop point of contact from

() The length of arc of contact

THEONY OF MACHINES
(A) The maxiemar «fMic

u‘
%
L

"1
{

‘where 8 = Shaft angle, and § = Friction angle
11.22 Gear Trains

Sometimes, two of more
shat 1o another. Such a combin;
the velocity ratio required and ¢

Following are the different

guar e The nat
af the aues of shafts
pes of gear Tuns, depending span e arangement of gears

Agvered e

|. Simple gear train, 2. Com, and 4 Epcychic gesr ramn
pIcy

one gear on cach shaft ound gear tram, there we
§ ad the last gear
unted, may

I & simple gear train, there 1 on!
more than one gear on each shaft. Ina
e co-axial. In an cpicyclic gear train, the axes of the sb
move relative 0 a fixed axis.

11.1) Gyroscopie Couple and Precemsisaal Votioa

The anis of precession i perpendicular to the plane @ whsch Se aws of spin (s going (o rotate

The gyroscopic principle is used in an instrument o toy icsews s pynsscope The pyrascopes
e installed in ships in order 1o minimise the rolling and prteiing eect of waves. They are also used
" seropia can, gyto e,

The proscopic couple is usually applied through the Searngs whuch support the shaft The
Bearings will resist aqual and opposite couple.

The effect of gyroscapic couple on an aeroplane and a zaval sing arz discussed as below

(@) Wies e engine or propeller of an seruplane rotates = e clockwise direction when ween
fomn fhe rear o tail sad and the seroplane takes 3 rum to the lefl, den de effect of gyroscopic couple
‘will be 10 muse e nose and dip the tail of the seroplane.

erted gear T, e

sbove, the effect of the
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Notes: | m-q”nm**ﬂmum ahove, the effect of the

e ansll e 10 Faise the stem and lower the bew.

3 :ug_m—hh-xm“-hmﬁﬂl\m*tmww ship is
meh&uhﬁudwmﬁﬂhwh—umlrdnmihem-m

X wt“.-qh.q-—hnﬁ.m-lxwdmnme}nhwr_menﬂ.\-
ooy of gyroscopic couple will be 1o mise the bow and lower the stem

4 When e e viewed from the bow or fore end and the ship
«m»nn-hmﬂmmmkumhmmﬂmmbm

5 When the ship is soering w the night under similar conditions as discussed in note 4 shove, then (he
effoct of gvroscopsc coupie will de 10 reae the bow and lower the stem

& The effect of the gyeoscopi couple on & boat propelied by a turbine taking left or right turn 1y sim.l

a5 discaswed shove.
(@) Pirct The pukcfiang = th i ip up and down in a vertical plance
ahout rransverse axis.

When the pitching is upward, the effect of the gyroscopic couple will try 10 move the sh.p
towards star-board. On e other hand, if the pitching is downward, the effect of the gyroscop,
couplc. 13 10 turn the ship wwards pon side.

Notes: 1. The cffect of e pyroscopic couple is always given on specific position of the atis of spon
whether 8 5 pichmg dowswands or gpeands.

2 The piacheng of 3 shap produces foroes on the bearings which act horizontally and perpendsc ./ »
the motion of Se ship.

5 m_“umhmmmm

(i4) Rolfing. Incase of rolling of a ship, the axis of precession (i.¢. longitudinal axis) 15 alw 2.«
liel to the axss of spe Hence, there is no effect of the gyroscopic couple acting or

P b
the body of a ship.
N4 E I: Recip g
m_—h-hﬁ-’hmm“mn_h&. "
equilibrium posstion. n-ﬁﬂbﬁ_thﬁhwmﬂw
mmm—wm«ml‘

% THEORY OF MACHING & o
A A {6 The acceleration of the pes — "

ap W'y
Notes: 1. When the crank is 3t inmer dead contse
. =

1 When the crank is it outer dead cn -

o the angular acceleration of the connect

Inaner w determine the manon of 3 rigid body, under ihe scson of exsemai forces, it 18 usually
oo the rigid dody by rwo masses placed a1 3 fined Sstance spart i such & way that,

K S of their masses is equal 0 the wal Mass of the o
-_ﬂﬂv&yo(ﬂ:mummmutuh- h St of e Sody, and
b—d—mwnmuHMMM-urcn-gnfpnuyuaqwm
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as8 Gl - Ry § at the centre of oscilfation or percussion of i,
Thas means wecond
Soxty which s at o distanceof = (/I
n. and Fywheel
a ;rw. MM- <l - A m) is the graphical represen
:‘ furning moment diagram o positions of the crank. [tis plotied on cartesian
e et =
PRERE g the speed variations caused by the fluctuation of the
cagine tuming momen: Junng cach cycle of eperation.

i gies is known as  fluctuarion

of wmmm:e:: = fuctuation of energy to the work done per cycle is called
e ¥ speeds during a cycle is called 1

and mis is called the

The‘ vtaen S irum i jon of speed to the mean speed iy

sread and he
called the cogficion of fucrustion of speed.
The maimeum fuctsstion of energy (4 £) ina flywheel is given by
AE = Jo(o-0y)=le'G=2EC
where 1= Mass moment of inertia of the flywheel,
onde, = i in \gular speeds.
+
@ = Mesn angularspeed =212,
1
E= Mmmnmdhw-,h’
€ = Coefficient of fluctuation of speed.
1127 Steam Eagine Valves and Reversing Geans
The valves me usod to control the stcam which drives the piston of » reciprocating sicar
engine. The vabwes bave o perform the following four distinct operations oa the steam wsed on -
side (ie cower ead) of the piston.
| Admusmon or opening of inlet valve for admission of steam to cylinder
2 Cut-off ar chosing of inlet valve in order to stop admission of steam prics to capansiu:
3 Release or opening of exhaust valve to allow the expanded steam 1o escape fron 1o
cylinder 1o the ssmosphere.
Compressaon or closng of exhaust valve for stopping the release of sieam fiom the -,
der prior 1o compressice. .

R T e — - »
8 Joad of the valve T e v by e T
(8) Exhaust lap or in

overlaps the steam port
(c) Valve travel 1t is the 4
Note: The eccentricity or theow of
11.29 Piston Slide Valve
The piston slide v
fhe inside of the rwo
jpiston slide valve has ¢
(@) The power absorbed N operating the puston wyive 5 jess
(#) The wear of the piston vaive is less than

1139 Meyer's Expansion Vah e

The Meyer's expansic
which are driven by sepa T
sscentric having a0 angle of sdvarce
Mewing an angle of advance 80° 1 %0°
80" 9o et the cut-off wakes piace at

§ advantages aver dwe D-fade

e wear of e Doglide valve

13 of two vaives acwa a3 maen vaive and expansion valve

en by an

e angle of advance must be
or the same setting of the

AR T wirtund or squivalent sccentric fir the Meyer's expansion vaie i defined as an sccentric hay g v
BB and angle of advance that will cwsse cut-off i ke pince = e e position, a1 4 causad by the
ommmtmmed £ /Mot

of mamn secemars and expanLn ccoeniee

BN Goversers
The fanction of a govemnor 15 to regulate the mean speed of m engne. when there are varia

i e Joadd 0.g. when the load on an engine increases, 3 speed decreases, therefore it becomes
nemsary W increase the supply of working fluid On the smier samd. when the load on the engine
decresses, @ spoed increases and hus less working fluid » roqured. The governor sutomatically,
Sl the supply of working fluid to the engine with the varying ied conditions and Leeps the
i apeed within certain linuts.

Mt The famcticn of & Mywheel in an engine 18 entirely &erems om S of 3 grvernor 1§ controly the speed
Wanaion cauned by the Muctuations of e engine tuming momese Samag cxch cvcle of operanan 1t oty mt

‘mival @ ipesd variations caused by 3 varying load. The urng femand e power 1 met by the gus st

e supply of working fluid

Terms Used la Governors
~ The following terms used in governory are mpormat S the pubject point of view -
L. Haightofagovernor. Itis the vertical dismance Soem the centre of the ball 1o 8 point whers
‘arma (or arms produced) intersect on e wpexe axis. It s usually denoted by &
apeed. [t ls the speed at which e governor balls, arms etc., ary in sumplese
and the slesve doss N0t land © Move e ads o downwards %
 Moan equilibrivm speed. 1t s e spoed o1 the mewn position of the balls or the teeve.
- Maximim and minimum oyuilibriem spoeds The vpeeds o1 1ba masimum and winlmum




OF MACHINES
Stability of Covernoes -
- A govemnor is said 1o be srable

of a centrifugal governor. 1f N is the speed of the arm
. then the height of the govemor () is given by

i mous when the cquilibriem speed is constant (e range of
) for all radii of rotation of the bafly withun & g
i Thn the working range. neglectng fnc »
is the stage of infinite sensinviry g ke The

' of a go i ly proportional o N ! This
wulﬂﬂnﬂ‘l‘

on of 2 Watt governor, with a central load amached 1o
i “m-*-—nqu

:‘mh-muumf.!hwormm\m
_g—tm-mbynmmwmom
-hl-ﬂlm“hwo[ml—:n'u
Power of 2 Governar
ol governor is the mean force exerted at the sieeve for 3 entage chan
lift of the tleeve . e
q’omumm-mhﬁn“mm'ofw.
dhmm-nhuufhzﬂmnﬂﬂnt—-w which the sleeve moves

th of arms and links are equal) to the

Power = Mean cffort = Lift of sleeve
Dymamometers

hl“bymﬁnmnﬁ:ﬂi_-—n-wbnmm‘
i order 10 retard of stop the motion of a machme The follewing types of brakes are

2. Band brake, ). Band and biock braite and 4 Internal expanding brake.
is & brake but in addition 1 has 3 dewice w measure the frictional resistance.
resistance, we may obtain the wrgec Tansmutied and hence powsr of the

ing are the two types of dy used Bor 10g the brake power of an

e b In the absorption & the entirs energy o
engine i3 absorbed by the fcton ress of the brake and is trans.
the pr 4 The following are two types of absorp

and 2. Rope braks dynamometer.

dym nth the energy is not wasted

¢ doing work. The energy or power produced by the engine is ransmiticd

8 S fhor b whers the pot deloged o by mamered
dynamometers.

(5) Belt rmamission dymamometer; and (<) Torsion dyna-

-
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T4 Cams
Acamis

clement kaown 13 folower. mmnﬂmﬂlmwbnMNIMfolwm

motion i pred and wall shape of the cam. The cams are widely used for

mmmw.\mmam ion engines, of

machinenics, paper cutming machines, spinning and weaving textile machineries, feed mechantsm of

astoman lathes exc

The followers are chasnfied as follows:

(@) Kanife odge follower. (3) Roller follower ; (¢) Flat faced or mushroom follower ; () Sphencal
faced follower . (1) Oscillating or rotating follower ; (5) Radial follower ; and (A) Off-set follower

The cams are clacsfied as follows

(@) Radial or disc cam. In this type of cam, the follower reciprocates or oscillates in 5
direcizon perpendicelar o the cam aus.

) Ovlomdrical cam. In this type of cam, the follower reciprocates o oscillates in a direction
paralied 1 the cam sxis.
1141 Terms Used in Radial Cams

Fig 11.83h0w dh ing roller follower. The following terms are important
m order 1o draw the cam profile.

L Basecorcie. Itis the smallest circle that can be drawn to the cam profile

2 Teace pomr. Itis a reference point on the follower and is used 1o generase the pisch curve
In case of kndie edge follower, the knife edge represents the trace point and the pich curve corre
$ponds 1o Se cam profile. In a roller follower, the centre of the roller represents the rrace posnt

mﬂ OF MAC awe ¢,

EAC & Pitch point Ty is s
. 8 Pich circle |
1 6  Pitch curve 1
* e cam. For a knife e

er, they are separy:

1o the pitch

position

Wihen the flanks of the

(@) Displaceme

) Velocuy

) Velocity

R Liftor stroke 1t s ¢

fe) Acceleration

Y

(e) Acceleration

R

N

]

© = Angular velocity of the cam.

of Rotating and Reciprocating Vasses
spoed of engines and other
ry casential that all the rotating and reciprocating parts should be completzly balanved o
8. 1f theseo parts are not properly balanced, the dynamsc forces o set vp. These forces

% Prime circie. 1t is the ser

Tamgent Cam with Reciprocating Rofler Faflower

Angular velocity of the cam

Are Cam with Flat-faced Follower

the flanks of the cam connecting the base ¢
8 known as circwlar arc cam. The displacemen
‘whien it has contact on the circular flank, wre 1

{#) Displacement = (R-r)(1-cos 9

= w(R-r)sing

= @'(R-r) cos @

= Radius of carcular famk.

= Minimum radvas of the cam,

rie and sose are of conven circuler arcs
oy and acceleration of the flat

= Angle turmed Seough by the cam, and

now-a-days 115,




115 e w8 primsry sebolonced

The secondary unbalanced ovee 3 maximam, when § <0 %0°

07 mad 4 Thed, the sacondary
s tiemes in one nevelution of the crank. The msimmen sessndsry =paneced force o gven by

Py = ms? x. L
"
U above we ser that the masimum secondary mbsianced farce s | [ & tmes e maximm
force
I case of moderste speeds, the secondary ambaliocat e 5w s ¢ may be negiected &
ry unbalanced force.
£2700 due (0 rECIIOCANG MANSEY YATeS @ AP T Somstant T AIrECan while
masses, the unbalanced force 15 constant @ ags-tase N are o feechon.

| Balancing of Reciprocating Parts of Tws Cryflinder Locomatives

parts are saly partially balanced. Due 10 tus parsal basancing of the reaprs-
i an unbalanced primary force alonyg e lme of seoke and also an unbalanced
10 the line of stroke. The effect of an ndalanced prmary force along the

10 produce ;

tractive force along the line of sroke | amd 1 Swaying coupie

Fp = (1-c) ma'r {wed-snf)
oo is maxiomarn of minimunn whe § = 135" ar 315"

'-tn-n-.'n-w-am-sﬁ (1-cima'r
o in de 10 the primary unbalanced force. Matbematcally.




e
WEVTEETWAL. B Erv..

. M e ng couple e foblowing types o1 487
3 a e 3 B 1 Free or matural it
H-ﬂ-u'\vr-’-—d%-m. :xu ) mw'r il displacerery. vor e S el G
mwlni-cyhnder engines with the cylimder centre lines in the same plane and on the pe il i
ot centme rankshat, same side = sadinal
ombahug) “m.m*&mMmMMMMM| R 4 m’th;ﬂ_ .

wvorder 10 give th
shaft is clon
are induced altern
®) Transverse vibn

perpendicular to the ax

prenary balance g parts of a multi-cyfinder engine

1L The
i mﬁfkmw—hﬂhmmmmmmm

2 The algehra sum of the couples sbout i
> any point in the plane of the primary forces mus:
i equasd 10 zer0. In cther woeds. the prmary couple polygon must close. In this case. the shaft
mﬁ"ﬁd-m-_-__ '-—k P —— the shaft
coupic polygon 1 d primary couple (&) Torsional vibran

axis of the shaft.
shaft is twisted and
the shaft

L 3 Porced vibraton

i s 1 be under [ 3 "

lig fiwee crested by unbalance The wibrinons e B same 7o

Mmhgmmn—
g 70d i mot 100 lang (ie. when the obliquity of the connecting rxl 1<
desturbing force due 10 the reciprocating mass ares. -

By the vibrating system s always A ~

Frequency of Freel unwmdnul and Tragsserse Vibratives
following are the vanou - ‘e .
l e mataral froquency of frec longitudinal smd wamsverse wbeancns ® given by

I |s

S " mAm

m = Mass of the body
3 = Stiffncss of the body m=d
& = Stanc deflocten of e bady

| When a shaft of mass (m ) and stiffeess (773 Sxod a8 one end and carries § mass (m) ol the
the natural frequency of 11 longitahoal vieacce & gven by

| s
L ‘I; ‘Jn»q 3
frequency of its transverse wibmies s gven by

) 4
I‘ - ';;J..,uq-m



mwt-h&ﬁhumwmuummum“.

4 The namnl froquency of free transy b
. Toad is given by

n-

5= sﬁm«::am-mn-um.w

of a shaft fixed at both ends and
o
PRV RS

Speed of a Shaft

- sha runs so that the additional deflection of the shaft from the ax1s of

_#w%”lieﬁ-h—ﬂhy
volutions per second (r.p.s.)

OF MACHiMg 5,

WmPig 1110 The Mrang

ol freedomm, iy 5 . .

My be noted thar wher | o0 R s
disturbing force 7 .. Sl i

i SUpported by 5 spring =f i fne., St | > o -

r ed by means of the spring 4nq i_ - g <

“.ﬁldlwn foumdaticn - - 3: ’
& The ratio of the force ramsmimes ¢ - T

fied (F) 18 known as the olaion | - ;

jiio of the spring support. Mathem,

PRS-

Wihen damper 1s not Pprovided, then ansmissbabe

£=

b i )

SN Mbove, we see that when /o, > |« 5 segme T

of 180° between the transmitted force and he Sty force (F cox @i} The value of
e greater than /73 if ¢ is w0 be less than | and i 1 e summer cai vadue of ¢, independent
difference between the foroes thar May cus whuch 5 mporant
0 use the above equation in the fellowing form.

means that there is 3 phase

5. therefuore, more

=
(w/a,)

cy of Free Torsional Vibratioes
frequency of free torsional vibrations of 1 shaft & gyven by

-y
™ I
¢ = Torsional stiffness of the shaft = Nom, 3o

1 = Mass moment of inertia of the disc = kg-=® = mi

yy of wesional vibration,

€ = Modulusof rigidity for sheft memsisl,

shaft fixed at ane end and carrying a meoe  the e ond, a5 shown in Fig. 1111, The

1 1 [cd o
aemfi-5fS {5

= A
J = Polar moment of sertaof st = - x4"
d = Dismeter of shaft,

i

| = Langth of shait, ]
m = Muss of rowor,
& = Radius of gyration of rotcr. sad :

. '._*‘“dw--f

et
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the connection hermeen e -
tlemens

completed by itself, but by some m-"‘"‘

‘motion. Team,

Yes

example of completely constrames me

motion of 2 piston in the cylinder of 5 mears —

h“m;mhﬂ.. 11.12 (a). then n ') motion of a square bar in 1 squar
, as shown in Fig. 11.12(5) {e) meotion of a shaft with coilars u1 =

all of the sbove

motion of a shaft in a circular hole 1 an cxample of

wompletely constraincd motion 5

successfully constrained monan d) =

of successfully constrained motion 4 3

j) motion of an | C engine valvs

metion of the shaft between 1 foat-step heanng

iston reciprocating invide mn cngine cylinder

) sl of the sbove

- following statermnent 15 wrong”

¥ 'bar in & round hole form a turming paie

A square bar in a square hole form 3 sliding pair.

B A wertical shalt in a foot stcp bearing forms 2 successfil consTant.

above

e nature of contact between the

the pair is known as 3

() sphericalpair () nmingpwr ) sliding pair

-ndmlm«nunzmuah;-nxﬁﬂ"‘"“““"‘”“

.,,.uw-mumlw

B P % boch G e comswamed
e motion o saud 1o be » complesely

T T r
° 9

emuafuwvunmuwwiydm

(& mocot
”ﬁwmmmdlpnﬂﬁm
nmmwam-. ;

) -plmﬂlv- €) wming pat (d) sliding pair

element can tum

of # reciprosating steam eagine.
at both enda fined inko & sircelar bole.

fa lathe with mut.
‘ of sarw par.
a0 example -

gineering
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Machine Design

111 letreduction
The suby
., ’*ﬂ:‘:hhiu_dmﬂﬁ&mm.mmw,k
s "n of prody,
Wik aa W
b dge P rwiplhua!u des
= :  prop adesign engine
Following arc some mech < metals which are d with the ab, 1.:\”., N

material 1o resist mechamcal farces and load -
1. Elassicuy. Ii&wﬂamrmhuﬁdmuﬂn deformation

wihen the

2 ?
Plasnca. It i the property wsuﬂ-ﬁmmﬂ_n Produced und,

load
; aw the E ) -

i Ducaility. - property crial enabling hnhm--nm;m '
4  Brizlenes. I-WM&““p—mmm o

L:—m -nwamarmm-u volled or ham

6 ﬁ‘—.!h&mﬂ‘lmﬂhhﬁ impact loads |1k:

122 Ferrous Mezsls ! L D

ﬁhﬂ-h& i hﬁ’.& ir main The ferrous »
. e c 3 and afloy siecl: [hewo

ferrous
[ #04.5 percent 11 a
8 fypes of cast

is due to the fact
d for machine wo!

is due to the
de (known as

’ MACHINE DE 5108

-y be wscd separaich |

I3}  Heat Treatment of Steels
The seem heal treatment may be defined 33 & ~peramen
imwolemg the beating and cooling of ¥ metal or an 4 -
. mrimn dosiablc sonditions or propertics without ¢
et i to achicve one or more of the following
To ncrease the handness of metals
To relieve the stresses set up i the maseral afier ot or

1

F 3

3 Tounprove machinability

4 Tosoften the metal

5 Tomodify the struchure of the masnal = smprowe % clectncal and muggnele properies
6 Tochange the grain uze.
'hh—t-q-rmeﬁud-p—-t_mnhmmmmw

flr the monss prochustoon of denscal tcins
fimsshed part with due allowance for




MECHANICAL ENQINEERING
e S mmerh  ceable pans is called Mt sy, The various important terms used in limit sy ey
o amsen e G s rem) are as follaws:

T is the size of a part specified in the drawing as a matter of convenience

2 Buste six It is the size of a part o which all limits of variation (i ¢ tolerances) are applied
n-m-ﬁﬂhmquhmm'I'llﬂlwhuh:siuufupmsol\mth:samc

3 demalvce s the acnil measured dimension of the part.

4 Limuropses. There are two extreme per-
mussible suzes for 2 dmension as shownm Fig 121
The largest permussidlc wre for a dimensson 1s called
upper or hegh lomar whereas the smallest size 1s known
a3 dower Jomiz

¥
3 Allowssce R is the &ifference between |
the basic dimenssons of the mating parts. 1 % |
& Toleramce It s the difference between. Al
the upper st and kowier bimut of a dimension. In other ;
words, it 5 the sssibly fation in a " e < J
The sl may be 1 or bilat- Ao bon
eral When sl the tolerance i allowed on one side of - UpP
the nominal size, e.g 2075 o0 . then it is said to be Fig 121
wnilareral system of wierance. The unilateral system is mostly p chang

ing the tolerance walse while still retaining the same allowance or type of fit

When the tolerance is allowed on both sides of the nominal size, eg 20530 . then it 1ad 10
be bilateral. o 1ol In this case + 0.002 is the uper limit and -0.007 is the lower limt
1 Tk Itis the the maxi 2 thown in

Fig. I:.i

"

i
8

1 are designated as ITOL ITOand [Tl [ T wese are called stardard u
ces for grades ITS w [T7 are determined w serms of standand tokerance wnit ) in
. b

MACHINE DE 8100

1. Actual deviation. 1 is the shpchrsic Siffensmce
Between an actual size wy

12 Mean deviar
Jpween the upper

13 Func
devistions which 15
position of the twleranc
shown i Fig 123
125 Fis

The degree of tightness -+ loosene
parss. The nature of fit is ch
elesrance 15 the amount by w hy
Bole i an axsembly The interfere
e semial size of the matng
dilflarence berwcen the lower

Ageording to Indian standards. th
Tamsstion 05
126 Basis of Limit System

Theollowing are two bases of limit syatem

B Nole basis svstem. When the hole s kept = 2
oheminad By varying the shafl size, then the imit system 13 sand

2 Shaf dasus sysrem. When the shaft is kept as o
Shaninad by varying the hole size. then the limit sysiem 5 sac

Ascending w Indian standards, the sysiem of limuts ams ©

€ 15 the amount by wheeh the scod
e in an assembly. The s seabonally prew
d the w

astant member and different fits are

astant T

be or

mprse 1§ grades of (

A Umiesons) = 0.45 YD + 0.001D . where D s thesiseor dameser = mm
’*dwm“ncmmmhm?-.: TTO and IT) are as given

i{microns) = 0.3 +0.008.0.
i{microns) = 0.5 + 0.012 D, ssd

~ I{microns) = 08+00200.
 the size or diameter in mm.
ilure Under Static Load
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Mavwman principal or normal strexs theoey (Rankine s Theory) According 1ot .
—-w«m*bmhmmmulwmu stress in
B anisl wiress system reaches the hmiting strength of the material in a simple tension test

2 Mavowsm shear stress theory (Guests theory) According to this theory, the .,
viekling oovers at a pomt in & member when the maximum shear stress in a bi-axial siress o .
feahes 3 walue cqual i the shear stress at yreld pownt in a simple teasion test

A u-u-—.mw{hu Venant's theory). According to this nc. -
Faiture o g 3t 2 pois (or normal) strain i, -
anial sress Syviem reaches the ormuc.nh-mmmd:mm.r i
sumple fension st -

4 Mavmwes szin energy | (Haigh's theory). According 1 this theory, the 10,
yiekding occwuns at 3 powt in 2 member when'the sirain energy per unit volume in s b 4o
mmul—-gmwfm«nn,ﬂm)—-nwlu-
mincd ftum 2 ample tension test

5 Moo dsomon energy " ‘and Von Mises heory) Ao
hq.h&ncﬁh‘mnw

member when the distorton strain coc. .. |
e Siraem encrgy) per unit stress system reaches the hmaiog (0
encrpy fae energy 2t yicld point) v L & simpie te-
128 Fatigee and Endurance Limit & E
I-.-iui.ubjmy cpe ¢ fails af stvesses below the vl (.

we. The endurance o« fatigue s
which a polished st
107 cycles)
88 swrface finish fa
e surface finsh (s«

‘type of failure of 2

subjected wfai g
relationa .

iron, @, = 0330,

is the enterion ¥

is defined us the 13t

' MACHINE DESBION .
B Netes: 1. In static loading. the stress concentranon ey 4
(L Memerials because i ductile matenial Joc sl de lormgion g salkes phacy b Sl —
2 In cyelic loading. the s emramne 8 Sultds maeraby o sles
of the material is aot effecs eving he concea . § Dsaved 3

3 3. The ratio of endurance limat wrthoms
| mEaton s known i3 fatigue stress concemtrarion
Pressure Vessels
The pressure vesscls (L cylinders or tanks) are ssed 1 sers T
stowed may undergo a change of state insade the pr - =
combine with other reagents as 10 a chemical plant. The mssers . ma
Iie smeh 85 cast iron or ductile such s mild steel
: Assording 1o the dimensions, \he pressure vessels may Ne Clasis el
el I e wall thickness (1) of the shell 13 less than | /7 [0 of e & e
wallad & i shefl On the cther hand. 1f the wall thickness () +f e e
 dmmmeter of the shell then 11 15 called a ik shell
- Asconding 0 the end consiruction. the presiure vesseis ma
m I case of vessels having open ends. the oircumrerens s
& where a3 in case of closed ends, longstudinal sresses = i
e adhaced
E P followrang pounts, are wortinOng 0 ConAEElion & TreT ok
‘t e design of pressure vessels 13 based on hoop sress
The lomgstudinal swress 15 one- half of the arcum feresnal wrews
ek cyhindrical shells, the following eguan: ms are n2
equation; (b) Birmie's equation; (¢) Clavammo’s oguaon. and

of thick cylinders, the ungential stress acmss ®e Sockoess of i1
surface and minimum at the cuter surfisce

across the thickness of the cylinder & mammmem o the 1noer surl s amd

M&“tﬁm-ywdnﬂs wl
These ace usually conne e

1 are hmited, thesef <o

The following pipe pnts

.
o

. at bow pres.
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a Fla
wirh flanges

widely used pipe joint. A flanged joir
st integral with pipes or loose Manges welded or screwed

Hvidrand pve aovn This type
Such gormts are used 1o

nint has oval flanges and are fastened |
carry fuid pressure varying from S to 14 N/ mm?

1212 Riveted Joints

ndnical bar with a head integral to it. The rivets are us

The riveting may be done by hand or by a

vet beads. yet the snap heads are usually employed for struc
wing are the two types of riveted joints, depending uper

! Lap joisz Alap joint is that in which one plate overlaps the
‘ nveRed wgethe .
I- 2 B join: A butt joint is that in which the main plates are kept in alsgner =
J iouching) cach ather and 3 cover plate (L. strap) is placed either on oae side or on bt e 3 ‘
! maum plawees. The cover plate is then riveted together with the main plate "

The buu jounts may be single strap butt joint o double sty ag v [yere

sember afirows of rivets, the butt joints may be single riveted or double riveted It ma 1
-— o Diberafdvainon

rivesed or quadrupic nveted

Whea the rivets in the various rows are opposite to each other
chain rivesed. On the other hand, if the rivets in the 3dj
@ar every riwel is in the middle of the two rivets of the op;
zig-zag riveted

e

Is order to make the joint leak proof or fluid tight in pressure vessels bike sica ¥ :
jprocess ksown #s caalking is employed. A more satisfactory way of making ] « n.dr
kaown as fullering, which has largely superseded caulking —

Following are some important terms used in connection with riveted | B L. The sumber of rivets

=) Pach. Juisthe distance from the centre of one rivet to the centre of the nexin
paraliel w Se seam.

() Bock pisch. 1t is the perpendicular distance between the centie lines

o, = Safepermissib

n shear shall be equal 1o he nume

J P=ptLa

& The rasio of the srength of the nveted oint 10 the 1

rows.

(e} Diagomal pizch. It is the distance between the centres of the rivets in adjacent ¢ Jengeh s called efficiency of the nveted joint
e 12.14 Design of Boller Jolnts

(d) Margin or marginal pisch. It is the distance between the centre of rivethole 1o 1he nea E ittt o
edge of the plae 1o joun the ends of the plate to get the required diameter of & busies B

plates 15 used. The fi ] josnt 1 wsed 2 get the requared leng
e o um_allppmlwlhmﬂnlmawu:ﬂmiynud AR
i g folkoe cedure hou peed b
A riveted joint may fail in the following ways: Ascording to Indan Boiler Regulations (1 8.8 ) the g prx \
Tearin plate at an edge dge, This ihe design of longinudinal bult joint for 8 boiles
the plate af an edge . A joint may fail due 10 tearing of the plate at an ey " : o
unh:wuby‘:qqhmp'-.- - 1?‘4. where d is the diameter of rivet hole L Thickness of boiler sheil. The thuckness of the boder sheil o determined by
cylindercal formula. e

v rons a row of rivets. Due ta the tensile sresses in the main )“-\!: h
ﬂlﬂipl:u':wm”'ﬂ—hw;ud’mduwdmm. The learing resistance or pull require
e tear off the plate per pitch length s given by
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i 1. Lap jesint or filet yoot, amd 2 Bt jime.
1 The tranwverse filler welded
’ o s we 3
i e devgmed for wmmic streRgth @ heveas e perafle! flier
'ﬂumvkilm‘nrﬂlmvmwmﬂhndnmu-z,LF.‘ 124 (21w gooem by
: Pe=1Mdyeing
@ shear strength of a double paraflel fifles weld 25 dhomrn m Fig. 12.4(5),
P= 18l d4gajey

1 = Legorwure of weld,
| = Lengthof weid,
o,andt = Allowsble tensile snd thesr srees oo

(of equal widih) best ot i from 70 1,
Ut folnt with dosble steape of unequa!

l

-
-
|
WANAS

4o
Vo P vy

:

@) Double wansverse fillet weid (1 Desaiee guraiie! 7iler acld
Fig 124
h Butt joints are designed for iension or compresseon. Comsoder 3 angle \-bunt joot 1
12.8(a)
Joint, the length of leg or sizg of weld = ogusl = fe throst thichness which s

of the bult joint (single ¥ or square bem

P = txixg,

=D
;ﬁ-';_
k
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W= nmnmu—kuaan-mw

1, = Throat thickness &t the Bottom
1218 Sevewed Joints

A screwed pont s mainly composed of two elements. Le . 3 bolt and nut. The screwed joint
wadehy used whre the machme parts are required 1o be readily connected or disconnected with,
dumage 1 the machme or fastening

The following rerms esed m screw threads, as shown in Fig 2.6, are important

=l

Mapr dia
Pich dia

i
et

Ros— f
Degth of thraad

Fig. 126
1. Mayor dismeser. ki&wmdmumdummm The scre
nwnﬁ—-lhhlhomwnnm&w-—hdm'
2 Minoe dismeser. Tt is the smallest diameter of an external of internal screw theead 112
known as cone OF roof dameter.
= sad bly. it s the di st which the ridges on the ¢

1 Pach
nhwﬂﬂﬂh#duwu.numwm-@um.f.u-w
4 Pirch listhe dismnce from a point on one thread 10 the corresponding poini o (7<=

S  Lesd Rini whiaki s scrontiiasnd a8 axially inone r—
ue_lbpﬂh—d“mm.iumlhﬁnuuﬁbm.hmwp-‘-‘ ’
wriple start and so.om.

6 Cram. s the op surface of the thread.

7. Root 1t is the bosom surface created by two adjacent flanks of the thread
L) Mdmnp-wmmmmum.
9. Flank W is the surface jowming the crest and 1001

10, Angle of thread. It i the sgle included by the flanks of the thread.

MACHINE DE IO 533

& Acmethread Itisa

These threads

re frequently use

¢ thread It is an Indian standard thread and 5 =
* imstead of 53°
1238 Commen Types of Screw Fastenings

Following are the comman types of screw fastenings

B Theough boit. A through bolt (or simply a boit has 2 < mércal Sar with threads for the
o ome end and bead at the other end

2 Bapboi A p bolt or screw differs from a bolt s screwed mao a upped hole of one of
e parts 1 e fasiencd without the nut.

A Sweds A stud o5 a round bar threaded at both smds

&  Cup sorews. The cap screws are similar 1o tap bolis sxces that they are of small size and
& vansaty of shapes of heads are available

% Machine screws. These are similar to cap screws with head shoued for the screw driver
These are gonerally used with a nut.

6 Serscrews. These are vsed to prevent relative motion Serween the 1wo parts
1219 Locking Devices

A large number of locking dev bic. some of whach are as folluws

s

Tock 2. Castl 3 Sa lh-u.umd-l’-m"
pin.6. Locking with p 7. Spring lock washer.

N**d’h—'““
‘M followsd by
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2 Tekeramce desgmarion. This shall inchade
A figure designaning wierance grade. as indicated Melow
7" for fiae grade. °S” for normal (medium) grade. snd 9" for coarse grade
(31 A lenter designaning the tolerance positron as indicated befow

I for ona thread, ' for Yok thread with allowance, and *A° for bolt thread withou
alloway

& mm size of coarse pitch and with allowance on threads and
ade o dewagnated as M6 - 8./

1127 Seresses in Screwed Fasteaing due to Static Loading

TRE swesses i sovewed fastening due to static loading are important

L Ininal siresses due to sorrwing up forces. The initial stresses induced in a boli, screw
siud. when it 18 screwed op nghaly are a3 followy:

f@) Teasile swress due © strerching of bolt,
®) Torwonal shear swress caused by the frictional resistance of the threads during
tiphtcmmg
(€) Shear stress acnoss the threads,
() Compressson or crushing stress on threads,
(€} Bendag swess if the surfaces under the head are not perfectly parallel o the bl 3+
1t has been found by experiments that the mitial tenvion in abolt (P )is

P = 2880dN (For & flusd nght yous
= M4 N (For an aedsnary
where & = Nominal diameter of bolt in mm

The small dsameser bolts may fail during tghtening. therefore, bolts of smaller diametes (e«
than W16 0r Af18) are mos permuned for making fluid Light joints.

2 Strexses due to externad forces When a bolt is subjected 1o an external boad, the follow ng
stresses are induced

(a) Teasile swress . (&) Shear stress ; and (c) Combined tensile and shear sess

A Stresses due o combined forces. The resulant axial load on a bolt depends upcn (he
following factors.

(a) The wnitial tension duc to Ughtening of the bolt (P, )

) The relative elastic piclding of the bolt and th by
When the connected mesmbers are very yielding as compared with the bolt, which is a solt
wasket, then the resultant load on the boit equal 10 the sum of the initial tension and

the external losd. ﬁﬁﬁﬁ.lﬁubﬁ;mlwmumlﬂ
meembess. then the resultant load will be sither the initial iension or exiernal load whichever is greater

In crder 40 determine the resultant axia! kiad () an the bolt, the fallowing equation may be

¥

Bea 2
e thr

1223 Cotter and Knuckle Joints

A comer s 3 flat w
faper vanes from | in 4
B oo axsal rods or bars which are sy
8 ssmmecting a piston rod 1o the cross-bead of 3 recpraca
Sypes of comer jounts are commonly used

1. Socket and spigot cotter joint, 2. Sieeve snd

A knuckle joint is used (0 connect two rods sl o
Womaver, if the joint is guided, (he s may sepport » compessss -2
wsyeinahain, valve rod joint with cocentric rod, pump =od o o

1124 Keys and Coupling
A key is & piece of mild sicel inscried beewees e wia® and Aub or buss of the puller
oges pr relative mowen hetween them 11 18 abeays inagrted o
1o the shaft. Keys are temporary f: and ae o coasderable crushing and shearing
streases. The following are vanous types of keys.
L Sunk keys; 2. Saddle keys: 3. Tangent keys. & Rownd beys § Sphioes.and 6 Woutruf?

The sunk keys iay be sectangular sunk key, square sunk key. paralled sunk key. jib-hesd ey
and feather key.
The width of key is usually d / 4 and thickness of key s 4/ 6, where d is the diameter of shatt
ot diameter of the bole in the hub. The taper of a rectangular sunk key i | ia 100 and 1 s given o the
top side only
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The parallel sunk key 1s a taperless key and may be rectangular or square in cross -section. 1t 4 L b

i ased u
] :;:::nrdky.wwmmwkmkdwslmﬂonsLheshan,
rirme €y 15 2 special type of paraliel key which transmits a turning moment and also
A wood ruffkeyis a piese from a cylindrical disc h
o ) oyl drical disc g It is capable
h;ﬁ:‘marutmm-wummﬂuﬂbyat'merhavlnslbeum:nmmmummxfmmwhnh
The saddle kevs may be flat saddle k
A o, . ey and hollow saddle key. A flar sadidle key 1s a taper ke
;ﬁ:ﬁ ﬁl!ll:.mm the hub and is flat on the shaft. A hollow saddle key is a taper key which m{
keyway and the bottom of the key is shaped (o fit the curved surface of the shaft

: TI:.:Q‘- kevs are fited in pair at _r.|glu angles. Each key is to withstand torsion in one

537

(a) Bushed pin type coupling

(B) Unversal coupling . and

(¢) Oldham coupling.

The above types of couplings are discussed,

Sleeve or Muff coupling. The sleeve

proportions of 3 cast iron slee
Outer diameter of the mufl¢

and length of the muffor sleeve = 154

where o is the dismeter of the shaft

; Clamp or Compression coupling. Itis also known
~ Sometimes, keys are made integral with the shaft which fits in the keyways broached in the hub B br sleeve is made into two halves and are bolted toged
m-ﬂhﬂl 25 splined shafts. These shafts usually have four, six, ten or stxicen splines fhe proportion for the muff are same as discussed above
In desigmng 2 k!-;kdl:::‘um of forces along the length of key is assumed uniform. Due
key may fail due to shearing or The k

e g, if g Or crushing ey will be
w_g, :
X

wand r = Width and thickness of key.

Flange coupling. A fange coupling usual

flanges. The two flanges are coupled together by ¢
$ix Bolts are used. The keys are staggered at right an)

g0 divide the weakening cffect caused by keyways
ng are as follows

‘“5 liid ts the diameter of the shaft or inner diameter of the hub, then

| stress (0 ) for the usual key material is atleast twice the permissible Qs diameccr oltus. - J«

i from the above cquation, we have w = 7. In other words, a square key Length of hub = 15d

( d crushing. gircle diameter of bolts = 3d

! 5 f diameter of flange = 4d
= 05d

= 3, for dupto 40 mm
= 4, fordupto |00 mm
= 6, fordupto 150 mm
protective circumferential flange
= 025d

ling, the flanges are forged 1 with the shafts. The flanges sc
of;pemdhadlusbdu.mhnfnwhmdvcdwmdmgwlh
mﬂerofhlnmykem&mkfnlbwmglﬂk:
mlu-ﬂuﬁdhﬁhlmhqpmmm

' [Accordingo15:3653- 1 1990

 two or more pieces of the shaft by means of a
llowing requirements «

3610150 1$11020 | 2110390 | Abee 0




fange coupling. T,
pins. The two haly.,
een them and the dr.. .

ng 15 used 10 ccnnect 1w
may be constant, byt n
anather. The man app
from the gear oy
used for wransmissi o of (e
ptnt in milling machine:

from one place
ool drawing o

b hane clem<nis

5%
: .M:l'm-uum, Aen e damoe: M e dah mu te

=
'-F:G.td'

= d
=53 % %

Oy = Bending sress.
be noted that the axles are used 1o wansmit bending momest caly Thus, axk

med om the basis of bending moment oaly

Lu

& shaft is subjected 1o combined twisting moment and Bending momest, then the shaft
he basis of the following two theones.
Masimum shear stress theory or Guest's theory 1t 18 wsed for ducmie maenals vach as mild

. m-ﬁm::mummm It 1% ssed for bearie mazerals sach 1

J; +7 s known a8 equivalens reisiing momes:
o AR pﬁm-_-ﬂ  the shaft

= "b*ém .g,[‘,‘-.ﬁfr"}‘!

—
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"y
8 e than one T, e

a

amd 8, = Crssbong sre vl

10ad. Since the o g Srews o yerld st o comprenen,
. ¢ effory

Mantage is less 1y

‘ . A
of lever "

O s sortwmal ares of e

s called a sirur A . > "
acolumn, pillar o

exst radwrs of gyr

" o designing a connecting roxd. Rankine

i diameter are ¢ anial load W may buckle with )
times their diame

axis as newersl aves

¢ e ‘o Yomnin #s newtral axis (7 ¢ wn the plane perpendiculsr o e plame

F — -

e conncching
[ ke Both ends hinged for buckling sboul X aues dmd e ot o buck hng abow Y
o . ‘*‘m'r-dmhmliywm'mbuA 1ng showt cuber saey
ends 1o buckle '
" Sy & I oeder w have 3 connecting rod equally strong 18 Deckieg show X-aus and Y-sus. the
of gyrat - "Fm' mertia sbout X-axis (/) should be four times the moment of mea sdout Y-avi i/ ) In
et the connecting rod is four limes srong in buckling sbout Y -4 Ban sbout X-avs. If
- hen Buuciling will occur sbout Y -axis and if [, < 4/ Sackiong wil accur about X-axi. T
i l_uimliwlylmmulr_h(ummwmlmnmm
&‘-m&klhum is The design will sbways be satisfacwary for
# > non for the nod 3 lsecnen
B Omeend fixed and ther o b ¥-amm The most suitable sec connectng

3 Screws
wnder vanous erdondion P ‘_m(lﬁhﬂlﬂmwﬂn-ﬂnawrwymmnmm
ey motion. Following are the three types of screw threads mosdly ased for power screws
s Square road I v adapted for wansmission of powes = sher dwection This theead
. M:dmnucqu—u.umwum.h
"p:hp-:-mdnhnmhm £ 4
rrapezvadad thread. Tt 1s 0 modificanon of sysare Secad slight pyen
'&ﬁmyﬂwymw“‘--—uk:mwu
twat sncreases its area in shear

1 1s used when large forces st siong e sors s @ one direction aniy

I e—— L

gineeringEl
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3 uw o
o 0 placed on the pulleys.
The arc of contact between the belt and the smaller pulley
4 The condinons under which the belt is used
et pore ey el
b ﬂfhﬁ*?ﬂ““nﬂhmffmwrmmm
and batara belts. =
The coefficient of friction between the belt and the pulley d
epends upon the following facr.
@) The material of belt | (3) The material of pulley : (¢) The ship of belt ;and () The spees

belts, cotton or fabric belts, rubber h.:_,‘

P pulley may be transmitied by any of the following 1

e. The ofen belt drive, is used with shafts arranged parallel and o0
— .'n_eumdur-uhhhh--nmmm»,u

‘The quarter turn belt drive (also known s belr drive
=-d-dmu—u—-u:““ a
Abeltdrive with anidier pulley (also known as ok

an o belt drive can not be used due 1

sma,

rive is used when power is ransminted (00

ulle drive 18 wsed for changing 1°

dley drive la wed when the &ri-<) 1
imterfering with the driviog 0!

Becomes insaficices 4+
T

i called slgp of e D!
D of veloey a1

n portion of the belt exieo
de. Due to these chaids
b relative motw
of the driven pulley

=

a2 bele, V-belt. circular belt or rope. The material use. -

NE DESIGH
- ” = 3} a
T 13 g7 i=n8

When the pulleys are made (s

"_ y T is given by smgle of conaact ( § )0 dhe smaller puliey
E 0=080 .
J on hei &
AP+ 20y E
0 w cromsed het dr
a= "_.' en heh e
For cmaed Nell

coefficem of frcuon of ive

fie puiley for whuch g G0

“.”nﬂlmmh!y runs over the pulleys, thercfore., some cesenfiagal force cansad
o imprease the fenssan ua both the tight as weil as the siack wdes The tensiaon clusad

force i called centrifugal rensim. Mathemancaily reorfugn ensan

(1 pewtons |
m = Mass of the bell per unst lengeh @ kg, and
v = Linear velocity of the beit inm &

mamsenaiiod by & bell drive is maximum. when e mms g Wseon 13 e belt(7) s
ensoh LT(\ The velocity of the beil firh for masmmem wer s gven by

L

Im

’“Wwﬂlhw-ﬁ-’wﬁw—y—d

nmlmmmhnm‘-pmwmm
ﬂum&lnnﬁ.m—hrmukhnuwﬂd

.ipﬂ!!smmmmhun-lpﬂnwm kaown

_Mu’lﬁﬁ-"



o that the K is eyl ¢
‘ b replined at the 4,
Jis iven by

Sprengs
shpping by a central bt or e

following terms used in conmection - - IEPITECS SPRNES We importam

Solid length. 1t 15 the product of wotaf samser A o n ) and e dameter of wire 1)

~ Freelength. kunnllmhcmw‘muc—au.-.m
ring and the clearance betweer ihe ljacens s whem fully compressed)

a' index. Tt is defined 2 the ratio of the meam Samener of the codl (D) o the dismeney
| Spring rare. 1t is defined 35 the load required per smie deflecson of the spring 1 s ales
f OF spring constant
~ Pieh It 18 defined as the avial distance hetween sdjmcem = sacompressed 1iate
a0 open covied hehea! compression spnng subgected © m svad load (W) a3 shoan
mauimum shear stress induced i the wine 5 grvea by
fw D we
a kn—vy ok 7
5 " nd .y ad”
produced in the spring.
SWD'n  SWC"n
P LR
Gd' Gd
K = Wahl's stress factor
4C-1 .OGH
foaded and 1o rex. 1 e LT AN
{ me as foliows Y € = Spring index = D/d. »
88 0B Car Gprings ] n = Number of active corls, and s l
dampers G = Modulusof ngsdity for ihe maie- i
rial of the spring wire.
wire, a5 shown in Fig, 128, the manimum shear siress is given




DESIGN

2 Thin film bearings The s fitem [SR—— i
 present. the working suefaces parnally oetagt uw--'m -)z: '::‘l:\ “uuhxm i
Bearings are also called boundars fubricased bearmes o .
A Zerofilm bearings The zer

~ present

4. Hwdrostatc er extern
I ose which can support steady loads withou

Bearing. This s achicved by forcing externa

- 12.36 Wedge Film Journal Bearings
p The load carrying ab lity of 3

[Bearing rotates relative 10 the load When the
il move wwwards lef of the bearing mak 1al 3 contst Whem e
S in the sticlockwise direction t will mive Wowards Hght of e fermg mskang M metal ko metal
Contect

4 e ~ BLI7 Shding Contact Bearing Matsrials and Their Progerties
@ = Semi-angle of cach block sublending af the cemre f o o

o p i ; The maserials commonly used for sliding contact Seanags

o m b B Babbiss). beonzes (gunmetal and phosphor bronzes) cast e

o and plastacs. The following propertics must be cosiden

which supp sther moving machne element (ko o L Compressive wrength  The bearing matenal shouid tase tgh compressive strength o
irface ‘members, while carrying - EARGM DEaring pressure W 45 1o Prevent exrusson o permament defiormatina of the
beclassified a5 follows: -

il Seansgs we thone

" wih operae without any fubrwant

PrE The bvaarc

iark heanngs s

w6 hetacen e pwrnal andd e
zod N ame Seraers the members

a e amckock wise . it

arnal rocares 3t gh

wn Dase and lead
carhon graphite rubber
& De dest matenal

Fatigme srength The bearing matenal should huve seffioemn fangue strength s that
repeated loads without developing surface fatigpee Sachs

Comgormabaliny. 1113 the ability of 2 bearing matenal i accomadate shaft deflections and

by plastic def {or creep) withowt excesseve sear and heating

Bmboduinbility. 1\ i the ability of 3 beanng matersal ® accommodate (of embed) small
gt ote. without sconng the matenal of dhe pwsnsl

Bemadubiliry. Many high capacity beanngs e made ¥y doading oae of more thin layers
material 10 3 high strengih steel shell. Thus, e sozages of bond Le bradability is an

in selecting bearing matenal.
resistance. The bearing matenal shoukd sue corsode 3wy under the action of

conductiviry. The bearing maerial shosid be of hogh hermal conductivity
» mmm“.dhﬂmdwm



The beat gencrsted n 3 b

g gron b

2 rof the jowrnal (e 1/4) 15
other hand. if 1/ d is greater than Heat dissipation coefS

Pragecied area
Teriperature of

b 1, « Temperatune of the "
e value of € for um entibsted heanngs 15 136 5 53 amd for ventiLated bearings.

contact beanngs, the contacs bers cen e Searng serfaces = ralling Due w the low
wolling contact bearngs, these are cailed smnfncnos hearonygs The rolling contact
the following advantages and disadh antages over sisdimg contact beanngsy

 Low starting and running frichon except af very sgh speeds
- Abiliy to withstand mamentary shock loads.
of shaft alignment
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showa wn Fig 1210, The bearings are designated by a number. In Qutqe race
general, ihe momber consists of at feast three digits. Additional dig-
h«u—nu—anmwmmmw

- MACHINE DESIGY

g T Dedendum 1t is e 1
///_8//1;, o tainer b shgar

tooth i

distance of 3 s &
- 18 0ot from the pack

Swete 1o the Somom of
and the bore of the bearing. The last two digits IR et race 8 Addendum cirele 1tis the corcte 4 " h
mmmmwmﬁ-«lb 5. give the bore diameter in - - thepitchcircle e ey th 1nd s concesric
£ o ¢ with
—h.:s.mﬁdﬁun&e mm seriesofthe  Jutsice Bore 9 Dedendun circle 1tig e cr TR ;
beanng. in four series i ~ rontcircle - B the: Botmom of the teeilt I i sl catied
as fallows: V222 iNotes Root circle diamcter = Piach, cyr
L. Exwralight (100). 2. Light(200). 3. Medium (300) . and 4. O I .

10 Circular putch. 1

Heavy (300}

b= en puim of one tooth o the ¢
Nates: (8) If a beanng 1s designatod by 2 number 303, it means that the Fig 1210 ~ ematically,
bearing i of medum series whose bore 805 x Sie 25 mm " Circular pitch =
p, = RDIT
”m!-!*ﬂhﬁmnudmwwmmmmﬂ $izes are compara- K i ;
ety larg - where D = Dameter of thy 2l
«)m-ﬁn—h-mnuwmmmhmm 1 T = Number of tee < wherl

A hitle consideration will she
- wheels have the same circular pich

er comecily, if the two

{d) The heavy scries has 20 1o 30 percent capacity over the medium senes. This senes 1s not used

12.42 Spur Gears l-lfD, MD!a;‘elbzdzmm:-s of the two meshun, § e ierh T, 3nd T, sespectively, then for
. s mesh correctly
™ - itted by gears Tex fonst i Skt itted by
muhAiﬂ-Mmmmﬁmmumkmwnprwmﬂndumi

‘Whea aliel and coplaner shafts are 1 by gears having teeth paralle! to the axis
mﬂnhmh known as spur gearing.

Another name given to the spur gearing is helical gearing in which the teeth are inclined 10 the
. There arc single and double helical gears. The double helical gears are known as

~ Pah uiface slement

— Warking dep

|
Pitch cacle
i's

‘or mtersecting, but coplaner shafts are connected by gears, the ar-
and the gears arc called bevel gears. The bevel gears, hke spur
their teeth inclined to the face of the wheel, in which case they are known a5
lel

P shafts ar by gears.
ng or spiral gearing and the gears are called shew bevel

Tosth Micknwsn

Greular piich

in Fig. 12.11. These are discussed as follows: :
by pure rolling action, would give the same e i 1 workiog Rost or cedendue tice
cirelo.

The size of the gear is usually k< Fig. 1211

e pich cicle diamete in il
2D
[-:f.--rJ

= dioati
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I setual praciice. the mvobste peass sre move commen + weed as g ¥ 0y il peary
10 the (otlowing =2 mages L
(8) The mosy important adv soeage of S Jrp— —
i gears can be varied within b iy Tat
(B 1n involuse gears the e ¢ e cngagemant of weth v s 27t
jages , Fremains constam i F anming and bexs wear of geans
) The involute tecth are casy 10 M facte

The only disadvantage of the imvofute teeth < hat merference ccoars wih prons M
mumber of tecth

The phenomenon when the tip of 4 eth snderosts Be st o
pace. The inmerference may only be preveniand

maning gear w kman i

e~ iz of the two manng geans

tangent to the base circles between Bhe jowats of wngeacy The mummam uenber of
the pinion which will mesh with any gear (iiso sack) wehont sterference we given n the

gmemon ey sapsfactry
ability of the toothed  gears
”l'ﬂmnhu‘m“d&m‘)lwh
= o bp. ¥
o, = m—mm—ﬂ-ﬁqm
b = Widih of gear face.




00l Bt 2 g st cam

SHTY wathoat prom
N heen

e
materialy Thtm.m-mm,.,.‘: PN and o the etagnc
steel. the Mevira ender g, -

“
.

b (BN (i NPy N -

ce endurance limi,

d left handed on the cther The helwal gears may de of

type or double helwal type. The follow ngerm @
with helical gears are impecrant £

Helic angle 1t s 3 constant angle made by the hel-

A of rotation In single helical gears. the aciin

2 1o 15", whele for double helical gears. « may

potch. 1t s the distance paraiicl © the aus,
faces of adjacent teeih 1115 the Same 35 Ocwler
denoted by p,
[petch 1 1s the distance beraeen ssmilar faces of atimoese weeth along 2 hefin on the
o the teeth. It 1< denoted by o, i
cal gran. m fase wudth (b may e wlen w125 = w 20 e where o s
u?:::.m-—-uhuq,-u,n-‘no,qkm
helical gean of hemnghone grars. ihe e Sce walih o groea by

1ixnm
-

width ranges from 20 m w s




mtmm;
on the inaide [ ;.

v i .%,m Between nop,

can give velocity ratiog 5
e measured av||y
point on the adjacen

moves ahead in one
bt for multiple san

on the pitch cylinder

& ‘Which of the following gropen,

“m b) elasticity ¢t Seculary

u7
The of a maserial
“The property wal mm-omh.mumn,-ﬁmum
(@) True 5 False

-hrlbhnm 0 sk and impact
subaecied 1 [
(@) Strength 5y Stuffness o+ Bembeseys i Toughmess

2 A”Mdhﬂﬂwhﬂmwmuhﬁwumh“

“The toughness of a material whes it hemed
(@) increases (5) decreases ) does sox change

() malleabebity

k. Which of the following property s essemmial for somng maserials’

{a) Stiffness (5) Ductlity (€) Memience @ Plassicity
“The malleable material should be plastic but 5 ot ssseana = % 0 srong.
(@ Agree (51 Ovagroe
e material commonly used for machine ol dodses ©
- (5) shamivim () Srass b

1 Wiken carbon in the cast iron 1s principally :n the form of grastuse. e casi won will be of

(@) grey colour (#) whitecolour () yellowcslosr () brown colow
Wem carbon in the cast iron s in the form of cemennte. e cast mom will be of white colowr.
Cawrect (b) Imcomect
a -&“m-n_-*hﬁﬁ'm
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Engineering Materials

—_——————— —
of materials and theie
must be familiar with he . 3
¥ Provesses and heat ey
the properties of the matera; w0 maaly classified 33 -
“mhlﬂo,l. mhumm.lml.:.w g
3 Mon-metals, such as glass. rubber, plastic exc
Bs may further be classified 4
metals, and (5 Nom fermos nerals,

metily are those which hase the inon 5 their mae comstmsent, sach 38 cast insa.

metals aro thuse whah have 1 metal oo T B s conslitio
. brass, un, zinc etc

3 properties of metals are a8 fuiloss.
l-hahiwurnmmdm-u-hul-ﬂ,whm-m

Wi the abality of 3 matenal 10 revist deformation wnder sress. The modulus of
e of siltness

e

N Iltl,nhmmnh-q--*ﬁp‘rm

ol e removed. This propery i3 deswable for materials used in iools and
‘that steel 15 more elastic than rubber

‘ wnuﬂm-“m*hﬂ

: of matenial is necessary for forgungs. ' samping mmages oo coics., wd in

y of 4 material cnabling « 12 e drwwe 10 wure w th he applicaticn
; nickel, zinx, tm o lead

property of  maseral cpmnse ke ey 1 s the property ol
e : h;nm‘-uiﬂ--ﬂ-
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unit volume within elastic lim; |,
”hb“‘“m" "
foads i N
coastant stress at high temperature for a long per;,,,
n ﬁmmmurnmudﬂmm
vy turbines.

repeated stresses, it fails at stresses bejow (1,
‘material is known as farigue. The failure is causeq by

stresses. Such type of failure of
:zmﬂh*ﬁaﬂhdmm This property iy
rods, springs. gears e1c.

considered n
12 Hardness. iisa very mportant property of the metals and has  wide variety of meanny,
lﬂm ind machin

It embraces many &fferent properties such X "

i & = hardness is usually e xpregoe
abality etc It m metal. The
. wihich = making the test.
132 Piglrea

It is the crude form of iron and is used as a raw material for the production of varis i,
on, wrought iron and steel. The pig iron is obtained by smeling ir <.

in a blast furmace.
The won ores are found in various forms as shown below:

“mmmru.m-.

A Smelting W 13 prosc. f mducing &
gmelting is carmied out i s large . nd &
¢ The blast furnace is 5 chomne e—
Ibrickstoa thickness of | 21, | § o 45 e
‘Munsmdcs:rn . The pos

which e *charge is fod inm the
& known a8 bask or the buy nng
fon Mawiag
eected 1 bustle pipe sumound-

or zone of fusion) ‘h-m,-\ $ provided 5 “
known as tuyers. The tuyers ars . ,
furnace,

.“iﬂ"ﬂplﬂ(l'lhtf;mne :
partof the furnace (),
of the furnace (called zone .f
Al the bottom of the furnace.
protects the molten iron
from the blast furnace <o
il roads, mived with rar o ad making and m
Pig #on from the blast fuc N

won are carbon (1 10 5% wiicon

© o Ramomd. e semperanae s 1200°C i 13000 C. I
e e i 800" C wo 10D0° C. I the

s&8°Cwo0rc

whide above tus Mloats the fasible

produced is knawn s peg

fervous: silicates. [t is used ay

D¢ —rmem mamutfanure

¢ son. The vanous other elements

= 2%\, sulphur and phosphao-

ARy an important role i ion. 1t exises M3 T forme e o  a free form (as graphute )
Form (as comentite and prarfite) The sence of = cuben in mow (mparts softness and 3

Seructure 1o the metal, while the combrned <o i '(Ta‘urllﬁ;\\ﬂlﬁl!ﬂ-ﬂ

Won 15 obtained by remelting pig iron with coke smd hme sone i a furnace known as
ly an alloy of iron and carbon. The carben contens n cast won vanes from | 7w
He present cither as free carbon (of graphite) or ComMorT JM0n (of Cementie).

Bhe cast iron is a brittle material, therefors, « cament be ased = those parts which are
shocks. The properties of cast iron which maies « 3 ~akusble material far engineenng
hb’v cosl, good casting charactensocs. hugh compressive strength, wear resistance
bility. The compressive strength of cast foe s much greater than tensile strength.

iron also contains small amounts of aperses sech = wicon, wiphr, manganese

The effect of these impunties on cast e e =5
Ilyhyuu‘nmmuwwﬂ B provades the formanion of free graphite
the iron soft and easily
It makes the cast iron hard and bravie. &t mest be kept well below 0.1% for most

h-nluhmm-t--i-‘lulnhphlwaul
Tt aicls fasibifity and Pusdiry 1 cast ron, but induces britticaess. It is carely

B b T

pary) avd v v
-¢‘_l—.ﬂ'-“ -y
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M»m “free graphite. It has a low tensile strength_ by,
compressive sivength and Trcan be easity machined.

Indian standards. fron is designated by the alphabets FG followe 1,
-“M""'*“-'-“’w'm R grey
a5t iron wath 150 MP3 or Nmm? as minmmem tensile strength.

(5) Whise castiron. iron having l.”wmw The white
coloar is due © the fact Bt the carbon s in the form of carbide (known as cementite), which 15 /e
Bardest constitoent of iron. The whike cast iron has & high tensile surength and & low compress.c
strength. -

g cast iron produced by 'k cooling of molten iron. Th.
mwmnw?m-mmm iron

(@ Monfed cast irom. T i 3 product in between grey and white cast iron in compo
colour and gencral propertics.

(€) Malloable caxt iron. It is obtained from while cast iron by a suitable heat treainc
process (s «. aamcaling). According to Indian

the malleable cast ron ma,

by a figure indicating the minemum teasle oor o
‘malleable cast from with Y50 MPa 2« 1 -

ductile cast wron or b

gh

ENGINEE FING 14T E 1y

B—1

(@) Pigore indsesting 10¢ M m
B Letter '€, and i

() Figure indicating . — aiad
multiplying shall be rounded off 1 e - _.

For example 20C § me.
and 06010 0.90% (0.75% roun

The principal methods

K Comentation process: The sieet made s & S

wrought iron 15 converted im0 ce: e ons

ol Bas its surface covered with b isters theref e e

blister steel

4 2 Cructble process The steel f
sleg and dirt and much superior 1o cement

e 1 Bessemer process In s bessemer process.

i comvert molten pig iron W scel

H (s} In the first stage (known as charging poss

¢ »

i p
¥ 8 In the second stage (known as biowing ose l
g Posson and the air blast tumed on. In this siage

ndicased by the brown smoke rung up through the
mext o onsdise which 18 indicated by 3 white flame

&) In the third stage (known as pouring posisen . e whote Tame of the byrmng < abur

drogs. and the comtents of the converter are poured in 2 ladle. Now & senall quantity of some alloy nch
= carbon and manganese (i.e. spicgeleisen or form mangasese o sdded 1w produce sieel of quite
good swength and ductility.
Nete - The sessemer process may be acidic or basic depemding spen e g A Tamnace 1A e @ dic besemer
procans. B farmace 13 lined with mlica bricks. The slag produced @ #us precess contmas | 7ge amount of b s
Femz i phorus i a g wron cannot be removed by this proces. eedinr acadic Sessemer process 1y ansutable
fon preadac ing steel from pig (ron conlaining large quantites of shosgiore

I dtsic bessemer process, also kiawn as Thomas process. Be fumace o hned o90h o muature of U and
Bl dobomute. This process is applicable (or making weed from g won which contsies mere than | 5%
[

& Open hearth process. The open hearth process of sieel making is sometimes called
SSiemens-Martin Process’. This process is more setable than Bessemer process when o lage
of mild stecl, with definite quality and composbon, is requared
8  Duplex process. The duglex process of stoci makang i 3 combination of scidic bessemer

and basic open hearth process. This process i operation at Tata lron and Steel works,
(Bihar).

| making pro-
L-D process (Linz-Donawdz process). 1t o the Latest development 1o ylec
18 now adopted at Rourkela sieel plant whese three converiers of 40 wanes capacity are
process. This process » mainly used for the preparsiion dwmq
'#“—Hu'ﬂlhdn'tpu—lmhdﬂwhk.uhu
wlpﬁm“dwmhﬂ-um
) wnwdumw-ﬂm—h
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Note : The stoel commm small smounts of impurices like sboon, X
hpes sulphur, manganese and Phesphin,
S i@ the fincshed stee! avually ranges from .03 o 0.30%. It is added in low carbo
3 3 0 Steels 1
e Sam hecoming pomous nmnmummmmmwmm, r::h‘_v! :

he

i and harde: -

*u—n:ﬂﬂ-nn-ﬂ-ﬁumwm& Tron sulphide because of |,

meinag P redd whereas mang: suiphide does not effect so much

Iq—--‘u_::uﬁhgjn‘:xm-minmi When wsed in ordinar, .
a-'—-: \con - bending qualities. In high speed steels, it i ...«

Phy 7 Ralsop cold insteel. Inlow carbon steels |\,
the yield point and B © phers The sum of carbon m‘i;"h., ok <
asually does not exceed 0,29, o
1316 Alloy Steel

An alloy sweel may be defined a5 a stecl to which elements other than carbon are e
oy P inp The chief alloying elements used i1 ye,

L Hm‘wZuSiMWMk
: streagth, caises elas,
rmxdn?‘mmnhmymhmm plases 3. -I
. Engine parts. large forgings. s, g . When 25% nickel o adde! 1
lﬁ-*-#-&-hwm-!h"m A micke! stze] 3
-*d_’_lmﬁnhw-ub!m.m-miy-nmdupmm 5
wdely clocks, precis

strength with great resistance 1«0
ts, axles and gears cxc

on 0 Increase ihew yicks s

effext on the pi <!

y wsed fou aiadiig

steel and hence 11
wuthing haidiss
it gives the siecl
| | ' o

1%
with this
itis

by

 the atoms are arranged chatically. Le.

ENOINEE NG WATE o4

6 Sl
Silicon steels o

813

hard carbides at high temperatures
hardness and strength but 1o

& Molybdeniom. A very smail quan
chromium and manganese (D 5 100 8%
strength and is used for air plane fuselage snd
steels

137 Free Cutting Steel

The free cutting steels (sometimes known as fome =
phorus. These stochs have higher suiphur content tan
where rapad machining and hagh qualit
e noted that free cutting steels have low dynamic s
steels wre frequently supplied in the cobd drawn form
less ductile when compared 0 ardinary carbon stects

138 Swimbess Steel

It is defined as that stoel which when correctly heat remed wnd
comosive smack from most corrosive media The differem tvpes of saemiess weels are us follows

L Martensitic ssainless sieel The chromium weels commemng (2w 1 4% chromum amd O 12
© 0.35% carbon is called martensitic stainless steel, as ey Jossess mar
soels we magnetic and may be hardened by suitable hest vesmacm and the handness obainable
depemds wpon the carbon content. These steels can be casdy weided nd machined

1 Ferric stainless steel The sieels contamng gresser smount of chromium (from 16 to
13%) ansd about 0. 12% carbon are called ferniic stamiess siwels. These siecls have betler cormsion
mmsiant property than martensitic stainless steels.

L Austenitic siainless steel. The steel containeng agh comsent of both chromium end mickel
are called austenilic stainless steels. The most widely wsed moci contmns |§% chromium and §%
machal Such & stoel 15 commonly known a5 /&3 mresl These meris are non-magnetc and poiscites
reatest resistance to comosion and good mechamcal propertes & cievaesd tempersiurt

139  Seructure of Solids
All solid substances are eithes amorpbous soinds o7 crysialime sobds In the amorphous solids,
the stoms are oot aranged e 3 systematic rder Thmmm
‘amorphous plastics, - rabler eic o cryatalling solids. the stoms
. ¢ u::pm‘nmm masmer and form Al solid metals such a8
"mn-u-a.u-uy-mnnumm-cmmmum«m
.m”hhw-wwh‘xrurwmt

urface fineh oy

hed. resists oxndanon and

e structure. These

blocks in a srystal, i they bave
y also be defined 3 the smaliest
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m.\mﬁmmmw
s wndt shape of thew unit cefls

Acew
wding to Bravais (a mhnb-mpmrble types of

“““"W'N“'YPHWM found in most of the metals Pace lattices 1,

1 .
ﬂz:w (-:;‘(RCCK space kattice. In a unit cell o

(@) Body cemered cubec ()] Fncew.wdcﬁic
(e} Close pacied hes 5
(B.C.C ) space lamice. (FC.C) space lattice. (CPH ) space lanc e
Fig 131

s Fn.vrz-dnﬁr(FCC)mlmkg Inaunit cell of f;

3 lace ed cubsg space
h-@mn.meﬂmmhuuhwdkm m;m aom
mdnlm.-ﬁm--}'g.lll(b)-'l’lhqpenfhltiuhuumufw:v . aluer
copper. lead. sibver. mackel. gold, platinum, caicium gz, '

3 Close packed hexagonal (C.PH ) space lattice. In a wnit cell of close pacied he o,

whﬁmt—nmm.mmmmw-u;..d..-m..n. f the

hexagonal prism. ane stom at the centre of each of the two hexagonal faces and hiee a1 -

) body of the cell as shown in Fig. 13.1 (c). This type of latwce 1. /.«
zinc, cobalk, ony. bismuth, beryllium, titanium. zurconim i

13.10 Effect of Grain Size on Mechanical Properties

¥ Y .

made up of several atoms. propertes of o
metal. The size of the grains depends upon a number of factors, but the principal one 15 (he hool
treatment 10 which the metal has been *

When 2 low carbon steed is heated, there is no change in UMD the *lawer crif vl
poins 3 11 same for sl eel (723 C). Al thistemparatute, bisof sew i e sine.

Tt |

grained sieels are less 1
A fine grained steel. in
or crack during heat trea

1311 Metallography
The study of inte
«al properties. under a micro

When the structure of a metal is s
then it is said 10 be macrography an
hand. when the structure of the metal
#raphy and the observed structure s ca

1312 Allotropic Forms of Pure Iron
We know that pure substances may exist in more than ome

e form 18 stahle over more or (ess we!l de

: as allotre: ot polymorphism. The pure i
I 4
won which exssts from the room temperstuse

magsetic &t room temperature 11 has a body centred cub -

5 Gamma (Y) iron which exisis between 3|
(FC.C)smracture.

& Delta(8) iron which exists berween 1404° C w 13397 C 'meimng poves of pure ron) lihas g
body cenared cubsc (B C.C.) structure but has longer cube sdge ~as o £ @ iron

1LY rve-Carbon Equilibrium Diagram

A modified iron-carbon diagram is shown in Fig. 132 The pueme 4 (19397 C)on ibe
diagram « the melting point of pure iron. The point E shows e sctuduiy limul of carbon i
wonat 11" C (1 7%). The iron carbon alloys containing spee | ™% carbos are called reels and
those commsming over | 7% carbon are called cass iroms. The wee cardom allovs contarning 4 1'%
carbon are called ewtectic cart irony, sbove 4 3% carbon are termed a8 foper-eutestic catf ron
and thoue in the range of 1.7 10 4.3% carbon are called dnpe-casecnic caur irons

We have already discussed that the iemperature pont st =hich the change starts un
Basting is called lower crincal point and the temperature poing where this change cods 10
RBeating is called upper critical point. The range between these two critical point is known 2
gritical range. The temperature at which the change starts (ie Jower critical point) is same ft
il sseels (i.e. 723° C), but the ending point of transformation (1L upper critical point) vanes
secording to the carbon content in steel [t will be seen thas for 2 sieel contaning 08% carkon

_ (wholly pearlitc), there 1s only one critical point

+ 1. The steels which contain less than 0. 8% carbon ser knows a3 hype-rutecioid reels whith

of ferrite and pearlite :
2 The stecls which contain 0.5% carbon are known as esersoid steais which contisty eatirely

X The steels which contain shove 0 5% carbon ar¢ known 38 Ayper eutectaid seels which com
e and pearlite

& Comentie sonsiss of 9 3% ron 1ad 6678 carbon

S, Pearlite consists of 87% ferrite and 133 cementite
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13.14 Heat Treatment
mpmdhﬂmmﬂhwrbdwfwbyhﬂhn'mmlrdlm: \
cmmmmm.ﬁlam.mwdmuumm.,n,,,.x:u.
M&p—nmnmﬁﬁkmdumwuﬂwuluwm\ s 3¢
Mwmumumwﬁcvmmvulmlwnmm. y €
engineering practice are as follows:
L m'.-ud&wwmﬂhﬂln’mmidam‘|-~
four types of anncaling. p
(a) devmmoﬂullanﬂlin;hwnmnmemml \“‘-
mumumwwmvuw gases in the me

w,.wuu“‘ of heating the steel 30" C - 50°C above the upper critical mm-"l“ .

e

4 sieel and by the same temperature above the lowel .-‘”m=

for byper-eutectoid steels. It Is held at this temperatuic for someti
then cooled siowly in the furnace.
Process annealing. 1 is also known as low temperature annealing

o sub-<t
U]
anncaling. this process. ¥
th+ machinability of the steel. n i

ﬂnn:i:ldl-m. g mpem"':)gi‘;“' y
c.mq,u.mwhmﬁwnm_dinmw b

usual WI
w.uh h:d‘“mwm&gp:m;mm of heating the 5%
wi

et up 10

m'uuub-dlwulhviuuulmrﬂlwﬂﬂ puaviowsly =

bon 1

u
| wd

T
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817
termperan
ot ths temp
The spherod
tensy ergth
(d) Diffusion anne
lar, asungs
improve their §
the steel 0 a r
20 hours and o
38 hours. It is * =
1 Normalising The normalisig is done
(a) Torefine the gram ot o mpraee e
acture of weld
b) To remove strains caused by coid work
ted  Toremove dislocations caused in the inrer - < ot t
i) To improve certain mechamical and b
The process of normalising conssty of heting the sieed 3% SO C sbove al
temperanars for hypo-cutectond deels or Acm line for hyper. ] empera
ture for sbowt fifteen minutes and then allowed o cool down n « alising v
froquendy apphed 1o castings and forgings et
1 Hardening The mam objects of hardening are
@) Toincrease the hardness of the metal so that f can sosest ®<3
5 Toenable it fo cul other metals, (e 10 make o ssstabie for co ol
The peocess of hardening conusts of heating the metal « S0P C above

the spper crmcal point for hypo-cutect steels and by the same
empersisre for hyper-cutectond steels [t 1s held at ths lemperanare
quenchod cooled seddenly) in a switable conling medium

wer crineal

o then

4 Asssempering. The austempenny is misromer becaase f & % & oRpnag process, but s
handening procesa. 11 18 also known a8 isothermal guenching In ths process. the steel 1 heated
abowe he wpper critical iemperature, at about 875° C where the stractars consests catraly of aust
W o hen ssddenly cooled by quenching it in a salt bath or iesd bath masmcaaed a1 3 temperay
ahout 150" Cw 25°C

S Martempering. This process is also known a8 stepped guenching of mterrupted quench
ing. It consists of heating steel above the upper cntical pownt aad then quenching 175 3 salt bath kept
& ssatable wmperature

& Tempering The lempering (also known as drawsng} s dooe for the following reasons
(@) To reduce brttleness of the hardened sieei sad Bus o mcrease ductlity
5 To remove internal stresscs caused by ragad cochog of steel
fe) To make steel tough to resist shock and fatgue
process consists of rebeating the hardenad sieel to some tempesature below the
temperature, followed by say desired rate of coolin

Surface handening o1 Case hardening In many sagintering apphcanons. i is deswable
§ g used should have » hardened yurface to resist wear and tear At the sametime. i
oMt and Wough intericr or core 50 that it s able 10 absorb aoy shocks e This type of
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L3 ]
rrearment 15 apphed & gears. ball beartngs, railway wheels eie. The various surface o case hao
rovessas are a3 follaws:

@) Carburising . (8) Cyaniiag , (¢) Niriding. (d) Induction hardeming
() Flame hardening

13,15 Non-ferrous Metals and Allays
We have already discussad that the non-ferrous metals are those which containa m
fhan iron a3 their chief constitoens. The vanous non-ferrous metals used in engincenng
aluminium. copper. lead, tin, zinc, mickel etc and their alloys These non-ferrous metals and their a
are discussed. m brvef, as follows
1 Al and 5 allovs The chiel source of aluminium is a clayey mineral called b
‘which 1s 2 hydrared awde. s e ly used in air craft and sutomobile compor
where uvmid weight is 3n advantage. The main aluminium alloys are as fallows
(@) Duralemin The composition of this alloy is as follows
Copper = 15-45% :Mang =0.40-0.70% : Mag
remasuag S alumiuum.
Thaﬂa;mmalmumsm;lhlabmm MPa) after beat tre '
hardening. After working, if the metal is allowed 10 age for 3 or 4 days
hardened. This phenomenon is knowp as age hardening
& Veallo s also called copper-aliuminium alloy. The composstion of ths 2
foliows:
Cuwn:!.jdj‘l-.uxw-l.z-lﬁ.hlcln: 18- 2.3% , silicon, magre
won = 06% cach ; and the remaining is aluminium
Tbthysl’ﬂluubﬁuﬂmhlldudhkcdunlmmn Tt has Better strength
duralumin at high temperature. S
Magnalsem 1t is made by me the alumimium with 2 © magnes i
o m—-ﬂtlmendlq:mn.:.wmuw-p-md 100 s 200 atmeosg
Iz also contains about ' 75% copper. A
i with a small quantiry of chrot
v ;ﬁ#:: rolied prodhuct i lbpu]etmnﬂ-l) for anpdized wtensd manul

P

=040-070%  and

C.... mehmdwmwlywmkmmﬂw”
-h-::. k-—J:mmlmw the carth. It occurs in sorme nunerals such
Mwmmﬁm
muu-‘qiuhnly”ﬂiﬂounfelminumtxwp
{a) qu-ﬁﬂﬂq!ﬂfm}.lnwhhhn‘uhdnpnmipd.llqm;m-l.arul
(] Wﬂmm.hmmhupﬂummmml .
oy of copr<!
'ﬂyﬂﬂnuﬂy-mﬂhulwlynuqyn e
-nn::::m There are various types of brasses. depending up prop of copper &
wmammnswmmmhmuuw -
; ol composi
Mdmﬁ-nmudummmrw 9
s »gmaadSWmhhmmmmunwww“”
of the common types of bronzes are as follows:
), Phosphor bronze. When bronie contaios
wuis increases the suengih, ductility and soundness

26
f

it is called phosphor b
castings. It contains 87 - 90% <

o

ENGINEERING MATE FUALS
9= 10% tin and O 1 - 0% ph
elasticity It is used for bearings
SPrIngS.

(i) Silicon bronze It ¢
genenl cormosion resistance of
tanks. stoves or where high sirengt

iy Beryllium bronze. It 15 3 copper base slioy
ieryflium. It has high yield pomnt, high fatigue limit sad exce
is particularly suitable materual for springs. heav
@ film forming and a soft lubricating property. which makes © m

mtains W% ¢

mned »k A

d gnod corrossen re

dury

(iv) Manganese hronze It contains 60% copper. 35 1
0 high resistant 10 corrosion Worm gears are freguentiy m

mcom The sdaminium bronze
be &% slemuniam alloy has a
sy

£ (v} Aluminium bronze It is an alloy of copper and
with 6-3% sluminium has valuable cold working prope
fine gold colour which is used for 1m

on jeweilery and

L Guametal It is an alloy of copper, tin and zine comeaens $8°% copper, 109
tin and 2% sinc This metal is 4150 known 18 Admuraluy gus messl The pac s sdded o clean the
metal and to increase its Nuidity. It s extensively used for casnag Sacer fmags. bushes. bear
mgs. glands =tc
4 Babbir meral. A tin base alloy containing 3% un. §% scumany 1ad 4% copper 1
called babbst metal. It is # soft material with a low coefficient of fracuon wnd has hitle strength
3 Mickel base alloys. The most important micke! base sllovs e as follows
(@) Momel metal It 15 an important alloy of mickel and copper t comauns 68% nickel
29% copper and 3% other constituents. It resemibies mckel =@ appearance and 15
strong, ductile and tough. It is superior (0 brass and Srosse w corrosion resishing
propercs
@ K-alley It consists of 3% aluminium snd 0 5% wessm. W addition to the
compasition of monel metal. 1t has better mechamcal progertes than monel metal
&) Imconel It consists of 80% nickel, 14% chromesm and §% won This alloy has
excellent mechanical propertics at ordinary sad elevased wmperatures 1 is used

for making springs which have 10 withstsnd Magh =mperatures and are exposed
0 corrosive action.

) Nichrome. It consists of 65% nickel, 15% chromium and 20% iron [t is used in
making electrical resistance wire for electric furmaces and heating elements

@) Nimonic. It consists of B0% nickel and 20% choomwem 1t 15 widely used in gy

 Tempernture Alloys

7 Itisanickel base alloy. I consists of 42% mckel , 13% chromum . 6% molybde.
0.4% carbon and the remasning 1s won.
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- L Vislliem. The mam constituent of this alloy is cobalt. It consists of 62% cobaly 1 3
chromeam . S 5% molybdemum . 2.5% mickel . | 7% inon and 0.28% carbon f x>

 ENGINEERING MATERIALS
LS mmofllnlﬂlllmyh‘ﬂ'lllﬂGMLWIM::«muﬂmm‘u

&

Nt - mcomet andd Nimanic, a3 discussed above. are alse Nigh temperature alloys  mental work. is
EXLT Metaks for Nuclear Energy (a) elasticity (&) plastscwy &) ducndwy 1y malicababiry
The varous metals 9. Which of the following property i deswable m parm subgecsed 1o shock sad impac knads
T N:“ producing meclear energy are used as raw materials for moderate: 3) Suffress ) Bemieess () Toughness
$ s, fuel canning materials. control elements and pressure vessel materals Th. () Strength bl
::p.m netals used for nuckear ensegy are sransum, thorium., plutonium, zirconium, beryllium 14 10. The property of a material essential for spring maserials =
1118 Plastics (a) stiffness (b} ductility ¢ emhence iy plasncity
plastic 11. The toughness of a material... when i 15 hesied
"—'-T: W‘M‘ recs “mnmmk which are moulded into shape under prescire with or (@) remains same (4 decreases () mcreases
Following are the two hmﬁﬂn can also be cast, rolled. extruded. laminated and machined 12, Which of the following material has maximum ducsifiny™
(@) m plaste :.q b - (a) Mild steel (b) Copper ey Niche ) Abamumm
o > o b v 13, Beittle materials when subjected 10 tensile losds. smap off wahout giving any sensible
‘!‘knﬁm;ﬁm—:nﬂmwhbh.mrmd|n|u;h,p¢ under heat and pressur slongation
results in a permancaily hard prodect. The heat first softens the material. but as additsonal hey - - » N
;'dl:l-ﬂm:t\. - (Ph;‘k h?::k - et 36 Theproperty of s material due © which ({ breaks 17 Lt semasem fstoruon, it called
erca-formaldehyde .
s PR () ductiliny T — A plesticity

The thermopiassic materials 4o not become hard with the application of heat and presscre i
no chemical change occurs. They remain soft at elevated temperatures until they are hard
cooling. These can be ied dly by ive application of heat Some of the

plasts ik {Celluloid), polythene, polyvinyl acetate, polyviny! chiorde (P V(

ed b

o
OBJECTIVE TYPE QUESTIONS
The stremgsh s the ability of 2 material (o resist
(a) deformation under stress
(5) externally apphed forces with breakdown or yielding
{c) fractuse duc 1o high impact loads (d) none of these
The stiffness is the abidity of 2 material to resist deformation under stress
(a) Turc (b) False
The ability of due to high impact loads, is called
(a) strength (b) stiffncss (¢) toughness () brutieness
mmda—n‘de* in the d
(a) brittlcness b)) ductility (¢) malleatnlity
m«muumd-—umpmn :
(a) canbe drawn into wires. ) breaks with little permanent distortion
can be rolled or hammered inte thin sheets (4) can resistfracture due 10 high impact 125

L

za

| od
ly, is calle

() plasticity

of s material due 40 which i can b roled o hammered 10 17

"

(@) cam be drswn im0 wires bi Bresks v e pormasent distormon
fe) cam cwt snotber metal () can ve et o hammenad nto tin sheets
Cast woe 5 3 ducule material

) Ragh (B) Weoeg

‘Wich of e following material has mavmum majieat

(o) Lowd (8) Solt skl (€) Woought e ) Copper

A The sbility of a material 10 absorb energy i the plasuc maegs = called

() creep ) fangee sengh () toughness

eahense.
ality is the property of a material by vurtue of =% 3 maseral

can be rolled or hammered into tun sheets
of s




14

Workshop Technolog,

141 Intreds tion

The subgest of Workshop Techmology has Became imcreasingly impoentant 1o the .
Saperviver of worker engaged I the Ssulecton of varkous tvpes of machines of tools The
Workshop Technulogy has. therefire. Boen made compulsory these days for a work e
Soginect wo that he can make Rl scguamicd with basic knowledge of manufsctunr

&l matenals
142 Mechanical Working of Netak

+he mechamcal working of metals s defimed as an intentional deform
n of extormally applied forces. Tt may be described as hot working and

o of meta

under the actx
dopending upon whether e metal i worked above or below the recrystallesary
temperature at wheol the mow grases arc formed 1n the metal is known as recn
Pare

The metal s subpected to rmecharical working for the following purpuose

@) To reduce the ongmal black or ingot into desired shapes,

) To refine geasn swe, and

() To comerol the dircction of flow lincs
143  Hot Werking

The workng of metals above the recrystallisation temperature is called 4o
wirking of metals has the fullowing advantages and disads antages

Advamages
| The porosity of the metal is largely eliminated. thus producing strong &
ture

ve

2 The gran strscture of the metal is refined i the coarse grams are <o
pramms wiich change the propertics of the metal

3 The impurises ke slag are squeezed into fibres and are uniformly distributed o
the metal

I clongati

5 The deformation of the inetal is casy, with a small pressure applied on
Disudvantages
1 1t requires expensive fooks.
2 I produces poor surface finush, due w the rapid oxidation and scale formation on < 1<t
surfoce

3 Due o the poor surface finish, cluse falerances cannol be maintaincd
4 mw‘MWMWn

WORKEMOP TECH00n (e,
144 Hot Warking Frocesss
The lollowing we e
|
shapes The o g o
made by hot rolling
The operation con
directions al ihe same s
w0 the devired thickness of the
cross-section and increase 1
The ingors are ¢
jpreparing desired swechons
waarriod out 21 the
The blosom has a squarc cros
B of 130 mem x 150 mm The b
B gemwensent for the subsequent ¢ 1
e The Ballet is smaller than a bloom and
ol S0mm = 50 mm
The following types of rolling mills ssed for

) Towo-high rolling mll 1t ¢on { two hey
el prowe s passed beiween he (w u

@) Phree high rolling m:
on while the maddie rodi v

———

) Fowe-hegh rollimg mill 1t ¢
dwe Dack- up rolls. The hack. up ml
2 Mo forgeng It consists of hean
formm 4 o desirod shapes ind w2
By forging machines

B W apenming 1L consists of heating the metal w #
shape on 3 spinmng lathe. The parts of cirmular <
of rotatson, are made by this process

Bt satracson. 1t consiats of pressing & metal wsade o chassber w force it out by high
anonifice which is shaped 1o provide the desared form of e Gonbed part Therds
Sucts of

shapes. Mooring strips and fead cuvored cables e are the Nypucal p

L Mot drawing or cupping. 1t 13 mostly used for e producing of thick- walled seamless
It s usually performed in two stages. The first stage consists of drawing 3 cup
plate with the help of a dic and pesch. The second stage coniasts of icheating the
it further to the desired length having the roguired wall thickness
. Thiwprocess is used for the i of less tabes. In
:al billets of sicel are passed betwoen two conical shaped rolls operating in the
wuwnlwmmmﬁmhhpﬁqdm
the billet is forced over it

metals below their recrystallisation \emperanie is koown as cold working
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Mot of the old working p performed at mom The cold working distops, 4,
T wractere and does ot provide an apprecrable reduction in size 1y requires much higher pye.,

it DP TECHMNOLOGY 849

SRNRproan e stresses in s surface. Ths i done By Slastine
ly against the surface 1, he e S
Pattern Mak'ng

A paticrn may be defined w1 mede! ~ rent

an impression called mould T
of the poured metal The qu
n may be made of wood, metat
plastics and wax

A patiern is always made Larger than b
The following allow.

In general, cold workimg produces the following effects

i Thml!’ﬂhtmlmmminlnlhemclll.un.lmll\c_vwrrmmg‘z‘.
subscquent heat treatment.

2 A distortion of the grai strocture is created.

3 T\:Wﬂ“d&emnlmnmuudmlh-mnmndmgh-um-
iy i " mould Since the ¢

4 The recrysualine for steel is i d

5. The surface fimsh is improved.

& Theclosed 1 kol be maintained.

14.6 Cold Working Processes
The following are the vanous cold working processes

5o differ. The following tabie shows e contracson owsaces for cavtings of
n sand moulds

Table 14.1. Shrinkage or contraction sllewanoss.

Comtrarnon siloeamce Tipe of matermat
(mm | merre

L Cold roliing. It is gencrally employed for bars of all shapes, rods. sheets and s1.- b o -
order 10 provide a smooth and bright surface finish. 1t is also used to finish the bet rolled comp - - SmEares | -

10 close 1ok an improve their toughness and b 15 Feomze | LT
ad (L] Magneees 1]

2 Coldforging. R is also called swaging. Duting this method of cold werking. the me s
allowed to flow in some pre-determined shape according to design of dies. by a compressive fox - ¢
impact. It is widely wsed in forming ductile metals. The commonly used cold forging processe: o
sizing, cold headvng and rotary swaging.

The sizing w the operation of slightly compressing a forging, casting or stee! asscmb
obtain close wierance and a flat surface.

The cold heading process is ly used for making rivets and samvilar heade
parts.

“The rotary swaging is used for reducing the diameters of round bars and tubes by roanag 1.
which open and closc rapsdly on the work. 2

1 first made of woad and then fram some other meeal. e e low e are rosided
For example. if an Aumineum palters made from o soodes masier Jaiem o (o he o
them 4 lotal shnnkage allowance of 16 mm / mewe (8 = meere for dlumimam sl 10
y Wwon), may be allowed on the pattern
. I is a taper which 13 given w ail e vermcal wallls of the pattern for casy
of the pattern from the sand without demapmg e mould cavity It may be
pev metre on a side or ndegrees The smowns of aper vanes with the fype of
patterns require more laper than metal paferms bevause of the greater fnctional
surfaces.

il i spinni .Illphnd-w ol oo Bini i, This all —— the pattern if the casting
2 h"‘k; nu.WMﬂuhnﬂ-uh The  This allowance is given 1n addition b shrmkage sllowsace. The amount of thi
1 3 and its alloys are processing kettles, cooking wieo 1,610 125 mm which depends upon e type of casting metal, sire and shape of
. ¥ f 15 used, method of machining w be emplowed and the degree of Minish
- e require more machimng allowance ian nonferrous metals.

process
5 allc vance. This allowance o provided oo patterns used for cast-
the contraction is not unsform teoughout
ing allowance This allcwance o provided in the patiern o compensate
sse the pattern 1s (o be rapped before removing it from the mould

are as follows:

(b) Split pamern (two piece or mulipiece pasiers); () Match
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M Trowel J1 comsts of 4 metal blade with 3 wonden handie The small el of varous
fire used for finishang and repeiring mewld Cavanes B well 3 lor smoothang over e paring
¢ of the mould
() Gate cunter It is 2 U-shape
T d 10 act as 2 passage for the hot
(J) Gaggers. These are iron ruds bent st one cad or o eads. These are ased for reinforce-
‘gand in the 1op of the moulding hox and m support hangeng Sadies. of sand.
‘2 Moulding boxes (Flasks). The sand moulds e prepared = 3 specially comnstrucied baves
g5, which are open at the top and bottom. They e made = two parts, held @ alignment by
o L The top part is called the cope and the part 1s drag If e flask o made m three pars.,
\m‘..gy,‘-.«mmmuz part is called a cheek These fasl e made of st ward or metal
oo ol cowe bew , 48 Dumpeorebon ; (c) Splitcore box, gd) Steckle corebox 10) 1k 3 Moulding machines. The vancus types of moukding machenes we 35 follows
et hamd coee b, () Lewseprece cure box | (g) Gange cure bot » Jolt machine. 1t is used for amming of sand m the mosid Thes machine rams the sand
The important parts of a pattern and core box are painted with different colours (oo it the pattern face with decreasing hardness iowards e Sack of Se mould
ficaton of thew *_F“'M M :Imlll'lr\m“y "‘w sandard for colo machine. This machine rams the sand harder x Be back of the mould and
serfaces. vet the fllowrag colour code is widely used . panern face. It 15 very usefull for shallow patterss
| The surface to be left ynmachined are painted with dlavk colowr Jolt-squeeze machine. This mactine produces umsform hardness of sand 1 (he mould
2 The serface 10 be machined are painted with red col Sund slinger. 1tis used for uniform packing of sand @t mowkt
1 The coee primts and scats for loose vore prints are pasated with sellon (oo Diaphragm moulding machine 1t 13 used for umform rammng s hardness of the sand
3 The seans for loose picoes are marked with rad stips on yellows base
S The swop offs are indicated by diagonal black strips oo yellow base
& The parting surface 15 indicaied by no colour.

hute pareern; () Cope and deag pasiern: (#) Lonse piece patiern; (f) Uated patiern () 5,
pamern. (M) Skeleton pattern; (1) Shell pairern: ) Segmental pattern. (8) Follow board pay, .,
o Lagyed-up parrern. vm) Left and rght hand pattern

ce of thin iheet 5 & used for cummg A shaflow woagh @

ral

149 Core Boves

The core hves. Bike panerns. may be made cither of wood or metal The core boves are o200
a casting requanng coves. Wond 8 g Iy wsed for making core hoves, but metal e
J e 3 1: & duction basis Following o -

Siwipping plate machine. 1 13 used 10 draw the patters from e mould

Care Making
i process of making a cavity (or mould) out of ssd oy means of a pattern. The
o the moulds 1o produce castings. Sometmes. 3 caseg = 0 be made hollow
. Such type of castings require the use of cores. A core w defined 35 4 sand shape
10 the cavities or holes 1o be provided im the castiags. The cores are generally
they are not moulded with the panern. The process of malomg cores 15 called core

materials commanly used in foundry practxce we mewlding sand. sand binders
O e e 1001 Quartz and other silca rcks are the sousce of sikca sand which s commonly wed
£ > added 10 the sand hold the sand graas wyedher, mmparts sucagth. resis-
and s wed [ and degree of col lapsibility. The busders may be clay-type, organie type
! o, The sand additives (such a5 sca ool wood four and silics flowr) are
d for improving some special featurss.
‘must posscs the following properses.
permeability. 1t is that property of samd whech pormits the sicam and other
dmﬂ.mwﬁ;d—ﬂwhmmwm.
hhm-ﬂ.lh—d.nﬁ:-mﬂlhh
It that property of sand due 1 which it flows 1o all portions of the mouiding
have sufficient plasticity o prodiuce a good mould.
Tt that property of sand due 1o which it adhere of cling 1o the sides of the
1 1n that property of sand due 1o which the 1and praing stick 1ogether
ned as the strengih of the moulding sand.

o
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s Tt i that property of sand which enables it to resist high tempe;
e molien metal without breaking down or fusing
The moukling sands, according 1o thew wse, are classified as follows
| Green sand. The sand in its nateral or most state is called green sand 115 31
sempered sand. 1t is a miveure of sitica sand with 20 10 30 percent clay, having total amount o f
from 6 1 10-percent. The moulds prepared with this sand are called green sand moulds Th.
sand moulds are used for small size castings of ferrous and non-ferrous metals
2 Drysond The green sand moulds when baked or dried before pouring the molt
are called dry sand moukds The sand in this condition is called dry sand The dry sand mo1g
greater strength, rigidity and! thermal stability. These moulds are used for large and heay .
3 Lowwsend A mixture of SO percent sand grains and 50 percent clay is called
It 15 used for loam moulding of large grey-iron castings
4  Facieg sand A sand used for facing of the mould is called facing sand 11140
prcpared sand from silica sand and clay, without the addition of used sand
5. Backing or floor sand. A sand used 10 back up the facing sand and nor v
paticrn., s called backseg send The sand which have been repeatedly used. may be ey
Wn-mmmmdmmm
6 Swvstem sand A sand employed in mech 1l sand prep and handiin,
calied system sand. Thnw-dbqg:i;h.mnph. permeability and refractonness
7 Pggtimg sand. A sand employed on the faces of the patterns before moul!
parnng sand The partng sand consists of dried silica sand, sca sand or burst sand
& Coresand A sand used for the preparation of cores is called core sand 111
called oil sand. & 15 the silica sand mixed with linsced oil or any other ol as bunder

14.12 Gates and Risers
m“mwh:hmmhﬁmundnmdmuwu.m..-
gating system Amlym:mdommgmwuvm » Funne
mh—mqwﬂdﬂnmumh-—.m.—mmn (2
pate and top gase. 4

Its main purpose
A_hhﬂtﬂ)uulmwhw“ o g

1

e the
for gollesting 1

the casling as it
Sk 4 stcam and gases and afford a place

k went for ge
or slag.
143 Cores
“The cores are defined a3 sand bodies used 10 form the hollow portions
“ﬂhunmhdﬂ-bm
number of purposes as folluws: :
L ‘The cores may be used ko construct 8 complete

of cavalies ©

mould.

of dusirsd

wh““"‘»ﬂl cores 1Y¢

- PN .
Special Casting Procewes

The sand moulds may be ssed for casting fomous and nom
' €an be used only once, becsuse the mould is desir-ved 34
s will increase the cost of production. The sand moulds 150
amces and smooth surface fimish In arder w meet these pog e
ods may be used

K Permanent mould casting. A casting made by powrieg mohca meial
amould made of some metallic alloy or other material of permancac:
*-“C' The term die casting 15 another name for s type of cas:
2 Shush casting. The slush casting s a special spplacamion o
mould. [t 1s used for casting low melting lemperatare sfioys. Thes =
and toys of non-ferrous slloys
X  Die casting The die casting (also known as pressure die casseng) may be def
which uses the permanent mould (called die) and the moften mesal = miroduced 1.
pressure, Following are the (wa types of die casning machenes commonly used for

08 Mot chamber die casting machine [0 2 hot chamber die Casmag machme. the meiting
ot i an integral part of the machine. The molten metad & fasced m e dve cavity i
pressuves from 7 1o 14 MPa. The pressure may be obtamed By the applicanon of

d &' or by a hy ally operated plunger The bot chamber die casting
machine s used for casting 1inc, tin, lead and other low meltag atkoys

Coldd chamber die casting machme In 3 cold chamber de casting machine, the
melting pot is usually separte from the machine and the moiten metal 3 tramaferred
2 imgection mechanism by ladle. The pressure on the castag metald i cold chamber
din casting machine may vary from 21 10 210 MPa and = same cases may reach 700
MPa. This process 15 used for casting aluminium, magaesam. copper dase alloys and

otlher bugh meiung alloys.
Camorifapni casting. A casting process 10 which modten mesal = poured and allowed
the mould is revolving, is called centrifugal process The castngs produced
force is called centrifugal casting. Thes process = sspeciaily employed fur
of symmeurical shape. The ferrous and nonferross metals cas be casted by this
Sastings produced by this process have dense and fime grassed yiructure
casting. 11 is also known as lost wax process or peocision casting. The
by this method are within very close tolerances ( + 005 mm) and do not

= aiso calied croming process
of 2 02 mm.

went machining
‘moulding process. The shell moulding process
ah

18 in a casting may be due 1o pattern sad \g bOx equip
system or molien metal. Some of the defects are as follows:

It results in a mismatching of the top and botiom parts of # casting.

it of the mould cavity by molten metal pressure resulting in
of the casting.
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% Pinyand flash. These are thin pro of metal not intended as o part of cay
These usually occur at the parting hae of the moald

4 Sand wash. Tt usually occurs near the ingates as rough lumps on the surface

casnung
< Shrinkage. I is a crack in the casting or dishing on the surface of a casiing wh

cesutts from unequal contraction of the meral during solidification

& Morrear. W is an intornal or external ragged discontinuity in the metal casting re
¢ from Mindered contraction occumng just after the meral has solidified

3 7 Sond blow or Blow hole. 1tis an excessively smooth depression on the outer sur

of a casting.

§ Homeycombing or shag boles These are smooth depressions on the upper surfa,
the casting. They usually occur near the ingates.

9 Scebs These are patches of sand on the upper surface of the casting

10 Codd shuty and misruns. These occur when the mould cavity 15 not complete
and an incomplete casting results.

1l. Posr shorr. It occurs when the mould cavity is not completely filled he
insufficient metal.

12 Rwn-outs and bust-ours. These permit drainage of the mewal from the
result -ﬂhw
14.16 Welding

The welding is a process of joining two similar or dissimilar metals by fu
th of and with or without the use of filler metal The «

Mﬁia—:d:fo;bﬁmtwlw=

1. Forge or pressure welding
(under pressure withoul additional filler metal)

mur-lw

Cold pressuic
welding

Flash buit Percussion
welding welding

4 b o
ot e 2
v Hesr cre
Electric arc =
¢
S | B e
- Atomu esitng
& hydrogen
welding
R I |
Metal arc Submerged arc
welding welding

- Tungsten inert gas Metallic inert gas

welding wekfing
Joints

used joints 1n fusion welding are lap jount. bust xame. cormer vt edge joint snd

e employed on plates having thickness 'ess tam & s In butt webds, the plate
Bevelling if the thickness of plate is less than § s If the plate thickness 1s § mm
ishould be bevelled 1o V of U- groove and slates havang tuckness shove 12 Smm

‘o U-groove on both sides
ce Welding

oy welding It is used for jowning peeces of et metal or wire. The welding

il a8 the location of the desired weid by the tiecwcal meustance thiough the metsl
Beely short duration, low vollage (from & o 10 vols caly) hegh amperage (varying from
Etnc current. The amount of curnent can e regalased by changing the prmary
Whea the arca o be welded is sufficeatly heased, the pressure varying from
10 the joining arca by suitable electodes wtl the weld is sold The vanous
stanct welding are as follows.
velding It is used for welding lap joents. goeming components made from plate
mm (0 .25 mm in thickness. The plates 1 be joumed together are placed between
‘copper o copper alluy. It may be mosed that
tip diameter (o) should be equal 0 7 . where 1 i3 the thickness of plaie

between the nearcst odge of plate and centre of weld shousd be at least

two 3pot welds should not be less than Jd

welding. When the spot welds on two over lapping preces of metsl sre
a8 roll spot welding 1f the spot welds are sufficiently made close. then



&56
the process is called seam welding. Thix process is best adopred for metal thickness rangin
QA5 mam 10 I mm.
X hg-;—naanvﬂq Tt i simlar to spot welding except that ane of the metal pie:
welded has projections on its surface al the points where the welds are 10 be made. In other \\
= 2 muln-spot welding process. It may be nowed that i
(@) Wh_nmmdmmlu 10 be welded by projection welding
projections should be made on the metal picce with the higher conductiv,
8) When the two metal preces are of different thickness. the projections should +.. .
on the thacker metal prece
4 Sum welding. The butt welding is of two types, ie. upset butt welding and 1,
welding. The upset butt welding is especially adopted 1o rods, pipes and many other part .
secuon. The flash bon welding i ly used in the f. of steel containers o
welding of mild steel shanks 1o high speed drills and reamers.

1419 Arc Welding

The arc weiding s a fusion weilding process is which the welding heat 15 ohas) e
Eh‘ﬂr.zmh'm.ﬂ:'\:ﬁ(wblu metal) and an electrode. The tempera
duced by the electnic arc is of the order of 6000°C 1o 7000°C . Bosh the duect cu
ahcrnating current (A C.) may be used for arc welding, but the direct cusrent 15 peefer.
purposes. When the work is connected 10 the positive terminal of 8 D C welding mach
Pcgative irminal 10 an electrode holder, the welding set up is said 10 have siraipir po
other hand, when work is connected to negative and the electrode 10 & postive terming
weiding set up is said 10 have reversed polariry. The straight polarity is peefersbie for .
while for other welds reversed polanity should be used

Foliowing are the two types of arc welding depending upon the type of electrde

(@) Un-shiclded arc welding. When a large electrode or filler rod s wsed for weldin,
1 be un-shacided arc welding

(8) Sheeided arc welding. When the welding rods coated with fluxing matcnal a

it 15 cafled shacided arc welding.

14.20 Arc Welding Processes

The followsng are the various arc welding processes commonly used in engieei o,

L Carbon arc welding. Incarbon arc welding, the welding heat is obtained hrow 4
ar¢ between a carbon edecrode and the work. In welding heavy plates, the additional mets!
ited in the weld from a filler rod

2 Metal arc welding. In metal arc welding, the arc is produced between the metal ¢c
(also called filler rod) and the workpiece. During the welding process, the metal electrode | Y
the Seat of the arc and fused with the work piece. The temperature produced by the heat 15 al

Cw2700°C.
1 Metallic inert-gas (M | G) arc welding. In M 1 G welding, the electrode is consuimab'c ==
completely surrounded by an inert gas.

filler metal is deposited by the arc which is
4 Tungsten inert-gas (T1G) arc welding. lu'l'nmmmhpuduuinmjgnrr‘:
wtween the non e tungsien electrode and the workpiece. The welding zone s shicide 2
an atmosphere of inert gas (such a5 hefium or argon) supplied from a suitable source T -t
carment with straight polarity is used for welding eopper alloys and sainless sicel. W1
mmbmuwmmmmmwmum ot

cast tron, aluminium and magnesium.
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8 Atasiic hipdeogen we
m:hxlndr- (nem
weldeng me
7 Swbmerged ar 1 :
" W cart

metal electrode and the
alloy stecls, but it may be
i & Thermit wel
“hermit, s used. The minture -
-.-a-eldmgmmJ parts of the we cho8 e
B wssformly. This results 10 a mumimum probrem with e
i’ The thermut welding 15 ofien used 1n ng 5 arge o be
gtsred, such us ¢ : frames, r .
for stern frames K

wn o5 high pees

8 Possteee or cqual pressire (also ke

e calcium carbide (Ca C,). The oxygen is. b
o depending upon the tip siz
or equal pressure (ype welding
above 7 KN/ m?

e cytind~r while the other shows pressure boeg sugphied 1 the torch. The
iwelding torch for oxygen is between 70 and 280 AN/ = and fur acetylene it 18 bet

i and Kose fittings. The standand colowr for oxygen hose i black and for scetylene

. The standand colous for axygen cylnder is black and for scctybene cybinder

101he shove equipment, wekling rods. fures, spark highter. puggles and ghoves e
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14,22 Gas Flame mm:.;m The wweh makes am sngic f & S0 wak e plate and ihe welding rod
The following three types of flames are used for gas welding 4 Sianglc of 307 - 407. This mefher  betier and coonnmcal for plate £ i asss
A Vertical welding The e Jeh-wand ech
Outer bluish envelope *.b, the right-ward techmque rhcy g =t hat the plare sdge
g emnous S s not required upto 16 mm thickness
" 4 Linde welding. It is 3 special weidung tech A whxh D wse of oxy-scelylens Name
* withexcess acetylene 15 made and the right. ward ech et
Gas or Oxygen Cutting of Metals
Fhe cutting of 1ron and sicel by using ovygen is sxtenmvely used sow 3-days m dustry s
By mn ordinary gas welding cquipment, except it Se wekdhng wech o replaced by a
forch Which consists of four openings
428 Sheet Metal Work
L Bdeals with the working of metal sheets The vanous cperasoms performed m a sheet metal
B Marking It consists of scraching of lines on the surface of 2 et metal [t 1 also called
-I Sising The operation of cuthing 3 sheet of metal m 3 srmghy e aiong Be length is
Masrking The removal of metal © the desired shape from e edige of 5 plate 13 cafled
Fig 142
L e Iflame. as sh in Fig. 14.2 (a), is obtained by supply i = i L h‘l‘kmmu!ruumnmmb«u{h&hm spaced m a regular patiern
i jumes of oxygen and It has the following two sharply defined zones |
W@ (3200°C), and h:wnmoluumngofﬂxmmhmlupncdhdb«nlmg
mner heminous cone of 3 <
Iﬂh o of bluish colour (1250°C). operation of bending 4 sheet of metal siong 8 corved avis is known as
L copper, aluminsu
"""'ﬁ"d“mm The operation of cutting a sheet of meml Srough par of us length and then
i.«n-‘h“i_ on is called lancing

n theic

2 Oxidising flame. The oxidising flame, as shown in Fig, 142 (6),is obtained when ¢

an excess of oxygen. It s wsed for welding brass and bronze. t L
carburising flame. ‘The reducing lame, as shown in Fig, 14.2 (c). s obia

- m‘ Aene. It is used for weldi . & barscis Mty steels. 301

The operation of producing cupshaped sets from flat shoet metal blanks by
flow of metal is called drawing,

The operation of giving impress:ons of figeres. loners or designs on sheet
emhossing,

The operation of straighiening a cw ved shest metal i knowo as planishing.

al _aﬂdammhm-ﬂn-mhndhn-h
‘which is directly or inditectly moved by the press ram. The dies may

held in the upﬂ:""ﬂ"
m wleft, The torch make*
ma'?fv-w The plates b0

b p type of press operation. According 1o this criterion, the dies may be
in the right _&hmmnmﬂnuuﬂm—-

. w::::;"mn,,, ias, piercing dhes. perforating dics eic.

bagine at the y R




D —

IHOP TECHMOLOx ¢

Mensuring lnstrumens, and Gauges
. The measuring i, .

~ ofiobject. These are o
’ The gauges are
- o adjustable member MESSUring varvin
w3 &-:mrp-xunr-—,c--w-; Strumen
B Oteicde micromere: 1 el
AL, 0 an accuracy of 0.0] mm B3 1
R Inride micromerer o T p—— 135 i

of 0.01 mm . ’ gt b 5,
A Serew thread micromeres used to F . g .
duo[m T adds 1o an
& Depth gauge micromerer 1 5 used 10 Measure the deoth of R
8 securacy of 001 mm ;
& Weemier caliper It is used
of parts, depth of slots ynd
B Wemier beight gaug. |

MECHANICAL NG ¢

The formung dies change the appearance of the M Femaving any stock 11
wchade hemsding dies. drawang dies, etc \

1 According w the method of operarnon According to this eriterion, the d,.
< lassifod as wimple dies. compound dies, comtnation dies and progressive dies

I a sumpie die. only one operation s performed for each stroke of the press ram

ha.-m:md&‘mmmmwmun performed at one station of (e
every siroke of the ram. The washer is produced by simultaneous blanking and piercing oper
a compound dwe

18 3 combinaraon doe, tav 06 MO operanons are performed simultaneously at one 5
the single stroke of the ram. T dufifers. from compound die in that the cutting operation is comb
A bending or forming operasion i 3 combination dic

In a progressive die. two or more operations are performed simultancously o o
statrons.

14.27 Bench Work and Fitting

Thtkl.‘hwtﬂﬁfmnqﬁlyiﬂlimmanlmki'neverympmnng\n--lw
and finish the job 1o the desired accuracy. The work carried out by hand 21 the ben.
work, whereas fisting 15 the assembling of parts together by filing. chipping. sawing « -
ek, Yy afier the mach The various tools used in fitting practe -

L Holdeng sools. The holding tools o vices are required to hold the work 11
types of vices for different purposes are bench vice, hand vice, pipe vice. leg vice o

2 Serikimg tools The striking tools or hammers are used (o strike the job o« 1
types of hammers 1n common usc are ball-peen hammer, cross-peen hammer s rh ¢
double- faced hammer, and soft hammer.

3 Cussng tools. The chicf cutting tools used in fitting are cold chusels haci oo
These tools are descussed, in brief, as follows: e

{a) Cold chisels These are used (o cut the cold metal and are made by forginy ¢

steci of octagonal cruss-sectipn Th:mﬁn;dul(pwmn.lqhuMu-1m -
w“mmumuwymmumd,mwg a
o5 e G0, bt i jacordag ! ~~‘ 11 used 10 test the accuracy of holes. The standiues plug gauge is used in

d. The most
1 . The of chisels ly used for fitting are flat chisel, cros wackshop, ol rooms ¢ic. The limit plug pauge i used whese large quantities are
The single-ended limit plug gauge has separste "Go’ and “Niot g0’ members. The

ised. diamond pointed chisel and side chisel
q.c:;‘.ﬂ-ﬂ—‘:‘- h'l:'e fof 100! umad by the fiter for cutting 1o 1+ * ISt plug gauge has ‘Go' v Not go' members on the same side of a handle.
bm*wmdmwmmamumﬂ R o Sap pange. 11 s used 10 check the external dimension.
T e T T A b e S T o o
e« groove and i -
] 25 e " ¥ '
blade |  jamming w cut. This bending of the tecth pres
“'.. "-:mnu-nm-ﬂ““-"““ et OBJECTIVE TYPE QUESTIONS
mﬁ“‘ ‘Dm sows of tecth o vs ustd s bjected 0 mechanical working for
ade stee) w M‘.w"m,km.m-ﬂ‘*’ ng grain size (8) redacing original block into desired shape
b of the file. Thus larger the lengh of 1< © ctionof low lines () all of these
. i p which the new grains are formed in the metal is called
llllllll!"‘:‘:“u"”fnd ) wpper crincal iemperature
plate, scriber: (&) rectystalbsation temperature

Wermier dopth pauge 1 s used mecesses. and distancey
4 B 108 (HOJECTION. 1) 4 d cut ac y
Combination set 1t i3 an ¢ tremely useful instrumens s bas 3 e = "
el protractor, rule and scriber

Weersal bevel protracior It # alwo called vernier bevel grosacton: It is wsed for mensur
pangles, within the limits of S minutes (1/12 of 3 degree

Jome Sac It s used either 1o measure
work 1© 4 given angle within very ¢l
g e, 1t i used 1o check the diameter of shafls or s,

mOre precisedy Man 3 hevel protractor or for
1. [t s generally ssed with slip gauges

gauge. l'ill.dlothu:hhetﬁﬂrnmmmulﬁglrﬁlm




adjc ent 10 the Cuttiog edge.
Heel

B s the imerscction of the Mank s Sane of S 3ol
&n.hhthﬂlnmnlhﬁ;ﬂq#ﬂd“*
N Cutting edge 1415 the coige on the face of the smat whick resoves fhe maseriol feam i
mn-ﬁming.cuumgu..h
ring. jigs and fixtures i

End cuteng
dimensional oy,
the cutting ey

of metals. the c 1

and

et
s

Sve cuttng
#dge angie

Iis the angle between the ook face and grounthend serface of flank The lip
ool i usually 60° 1o 307

@ngle. It is the angle between the face of the wel snd s kne tangent o the
the cutting point

‘l'hm;lembnbefxe.:mnrmu-dhpi-quimmbuuhh
of the ool depends. upon this angle The rake ngie requered W maching
ool s 0°

‘whiich the face of the 1ol is inclined wwards Sack. is called baci rake angle

I which the face of the ool is inclined towands sde. i calied side rake angle 1t is
the culting .ty :

ol chip flow.
the widih 2 18 usually provided on cemented cartnde wols.
flow el v

ample. It is the angle between the surface of the fank rmmediately beluw the
angles 1o the centre line of the pownt of wol

It is the angle between the surface of the flank immediately below the
m the point perpendicular 1o the base

or ool failure may be due to the following:
the cutting edge due 10 thermal stresses.
the cutting cdge,




887

cutting sdge angle (larger thea 157 peoduces chippeng snd decreases tool life.

fals. It occurs mainly due
0 tool, friction and cutiny
& short distance from the

shear angle is large and the cAep-ted comiact wea i low, thea the tood fife will be

Iming metals, surface roughness s due o te followmg factors
,‘ vibrations; 2. Roughness of the cumng edge. 3 Feed marks or ndges left by
Mmmfbmh-upedpon the machmed sarface. § Formanon of disconting
 britile materials, 6. Teanng of the ducnic work masenial when machining af low
7. Defects in the structure of the work maseral
is improved by the increase in cutting speed. nose radves and rue rake angle
in depth of cut and feed rate wiil detercrme me surface finish

B = Radel or clenrance s
@5 Shan ange

Fg 132

for faster michining. should have wear resistance. red hardness and
materials used in cutting tocls are as follows
The tools made of high carbon siced Save 0w deat and wear resistance
L #t about 00" C, therefore they are 50t ssssable for high curting speeds
Such 1ools may be used on soft materials st s woud
The high speed sieel contasming | ¥% megses. 4% chromum and 1%
be one of the oest all-purpose toai stmel. They retaen therr hardness upio a

A carbide suitable for sieel machining conmses of 87% twagsten carbide,
and 8% cobalt. The carbide toois operating a¢ very ow cuiming speeds




ece in u lathe. The varions e shatin, o *quarng the varface sround 5 hole.
\ combination chuck, . "‘"‘"“"’"ﬂ-—-—d.“‘
It is an operation of
Sizing and fimishung 3 somtt
ameter ke

Itis an operation of produc
__,ua'm, Wl&’rm-u..‘*m

called drills are
: md!mmksumm:ﬁm The following rypes

It is & simple type of drill nd has two cuting sdges tevelied o 50°

ate cuts. These grooves are called flures
be parallel or tapered 5 shown in Fig. | 3
Neck

cylindnoal surface

patiern) surface in e

o

of a workpicic

# workpiece
Neck  (2) Tapered shana ani
Fig 153
Indrilling opera=* - y & 2 .
of a drilling mach*® i provided on small sized drills (¢ ¢ upeo 12.5 mem). The tapered shank drills
¥ -'.Thmmmlhwmukvfe-&uhﬂwhﬁw:d k
‘material and diameter The vanous angles of the twist dnll are a3 follows
Ttis the angle included between the two lips projecied wpon 2 planc paralicl
pallied 50 the two cutting lips. s usual value is. 11§° and varies from metal 0 mewl
# for bakellite and fibrous plastic . | 13% for mild steel and brass and 1357 for
-’ﬁ-bhlmbhllrh*_ukﬂmtulll‘

angle. hnh-ﬂlhﬂhhﬂ-ﬁ,ﬁ--nﬂlqh
from 12° 0 15 Thes angle may be increased for driliing soft maerals

1 i the obiuse angle inclocded between the chisel cdge and the Iy &




" band with ,
i “h&\llmq

Plang ) The
£ 050 aheets made from coare grained ieN-
brang .hmalnfm-u.m wheress foe prumed wheels sre used for fumesks of work.
J Mmhmfr:vm-ﬁm—h“-“.“

in which the abrasive ns can be casdy i
the abrasive grains are heid mr:::zm N L,
of & grinding wheel depends upon the aanure of e Frinding operaton. hardness
ground and the fimsh required. A hrgher propormon of bond i 2 grnding whee!
'€0arse structure and a lower proportion of « lesds 5 dave of demse wructure. An
‘structure of a grinding whee! 15 suiabie for bes s, soft, ough and ductile
X or dense structure of 3 grinding whee! 5 sstabie for fmshung cuts, hard and

of & grinding whee! 15 denated by 9 |5 or Righer whereas dense stra ture

s called glasing of the gnnding wheei
‘whioels takes place «hen he wheed is oo nart o ves ot 2 very high speed
vg e wneel spead

> breaking away
is called trung

improving the cutting acnon of the gneding whee! s called dressing

ding operations are commoniy used for grading vancws types of work
grinding. The cylindncal gnnding may be imternal or exsernal. The method of
oe internal cylindrical holes and tagers & caded wmeernal cylindncal gnindin
wsed 1o produce 3 straight or Lapered surface om 2 workpuece 1 called extemal

| geinding. The surface grinding s used © produce fat surface in a horizontal

The face grinding is used w produce fiat surface in a vertical position
, The form grinding is used 1w grod gear wmeth, treads, sphoed shafts and

fing. The plunge grincing 15 used §r-ad extermal diameter of 9 work puece
p length than the width of the wheei face &y feeding the revolving wheel int the

> amount of metal

The grinding 15 done W remove consaderable

) ollhmhdwfn‘n-g mmqﬂ:nﬂnqhﬂb,wwrma
m-ﬂmnve“w;ﬂmchynﬂiuhkﬂmnwwwu

prinding the diameter of 8
sagih, 1 is chiefy waed fox

grinding. The ceneiess grindng is the process of

s (ovpmmenisd fon grinding massisls of low icasile
S ond o B i chicfly wied for
o mustvinhs of high teasile sssgh. b i chiclly
m“—-:w-ﬂ-'""m-'




milling operstions ar us foilkres
or slab milling. 1t s 3 permion of preducing fia or orizones! sevface parallel §

or bevel milling It 15 i operson # proac g flat sarface & an angle ® the axk

. Side milling. 1t 15 an operation of gerdiscing w=ne st surface on the side face of 4 o
milling cutter.
lanilling. 1t is an operation of prodiscng %a ces exther honaonal, vertical or at s
an end milling cuner
milling. 1t is an operation of producng serfscss of eregular shape. The cumer
jor profile cutter) has the same profile cormesponding © e surface © be produced
milling. 1t is an operation of ag many wrfaces of 4 workpeece imaita
the table against 2 number of required Ssmers
illing. 1t is an operation of producing sarrow siots or grooves on & workprece
or spiral milling. It s an operatson of pragscng grooves around the periphery of
workpiece

dividing the periphery of a job it agual sumber of dvwsons s called indexing
four indexing methods, ¢ direct indexing. smpse or plan indexing, compound

s and conirols one

a8 a device which holds and lowaies & work peece sod g
The jigs are used for hoding and gusding the toul i@ drlling. reaming or 4pping

d as a device which holds and locaees 3 workpece dunng an ispection uf for
The fixtures are used for toidsng the work in milling, grinding. planing or

ving memi 0y pestung o pulling a cutung ol (known a8
i ::Tt.t)llr['ﬂn:“ The broach has three cutting zunes. Le
wecth. The toeth are gradually increasimg 10 hesght
mnﬁm&ubumdpoﬁ:ﬂu

e metal The broaching is applied fur machining

s and irveguias shaped holes. external flat 2od
vantages of & broaching operation are as




z responsible for e formarion of di OGS Cheps <
-in;lwadlndhqerzkcmglz B low caming “pead and sma'l rake angle
cutting speed and large rake angle () high “Eheg pecd and small rake angle
ling speed and large rake angle of the wof wuil et = e formwon of

with buzlt ap edge is

speed and large fake angle 1 Citing, spesd and small rake angle

spoed and larg® rake angle () 2gh “uling speet and small rake angle
ehip cutting, the maximum heat s taken by the cutbag ol

B No
Cutting, the maximum heat. the veloory of catting
upon (8 does ~ot depend spon
ohips are in the form of long coils Raving the same uciness throughout
! Disagree

system, the maximum chip thickness
the middic 5) may not occur ot the middie

upon the material of the tol () depends upon the geometry of the ol
system, the cutting edge of the tool

the width of the workpicce
not clear the width of the workprece L
15 clear the wicth of the workpsoce

edge of the ool is perpendicular t the direction of ool travel
odge clears the width of the workpiece on either ends.

e
cutti em, the matimum ¢ hep tha kness occurs at the midkdle.
(4} lncosrect
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e job or process 0 be studied.

16

Industrial Engineerlng and
Production Management

management ceals with the design of te sradscnon

Equipment ete ) and deveiopment 1 he come;
L quality. production whedyles and producny

sysiew “which in
SIEM 0 manage

of two techmques famaly method sudy and work measurement. The
was done by F W Taylor and Frask 8. G

(aibren
18 a technique 1o umplify the job and deveiog more ecencmcal methsdy of

of method study are as follows
the twtal performance of the Perating et

performance at the highes: e

urng ey groes tume and contimuuly i

s f work. whesher 2 be a factory, clerical o
The followiug is the basic procedure n the ppiwats methond study

facts about the present method cbscrvaron
facts critically
most practical, economic 1o cifect ve method

e new developed method 1 5 candard pracnce

standard practice by regular routne checks
' method study depends on the sccuracy with which the facts ae reconded.
Waork Study

ey ia-done by means of 2 stop wasch In work study. all the activities are broken

of avents and cach 1 represensed by 2 symbal. as foliows
It imvplves 8 change m the location or condition of & product

™




. hm'—m-~-h
. ‘.h".----h
Time System (PMLTS
technique to burid up teme for manust

al motion times Thhn.-quml-—-m:.:lru Tl"
me Measurement (M. T M

ystem (W F § )
on Time Study (R M T S

Analyss (M T A}

on study was ongingged by Frank B Galbress. The mady & haset n the wdea of
- aetivi into division of movements. known 35 Theiligs & 5 S same gven 1 the
of analysing 2 motion picture taken furng e ce o= f work. The
ntal motion o accurately indiated -« e g device. The
study 15 10 assist in finding out e o ¢ f It sl
| operstor regarding the motion econumy o7 S S . ciing the
3 me standards

analysis consists of ol cost (e fned o
do-tol increase o decresse with the
“The variable costs increase of Jecreiss -
indirect material etc The pou o <2
break even pownt. 1t 18 3 print

“‘* |l|\1ﬂl\5
work system. Inthis system, the worer s 7

a standorg nme 18 set e pas
d 3 mimmm “2¢2 Waw
e s paid ag his guaranicod bme
15 paidh & bomus in additon o it
ﬂhi:ﬂu.'ﬂwcm:mm:mwr.
time for the ob and T is the actual ©
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Teas thay p,,

e Job is given by

he
dummy act i1y 1
E 10 the lawes!

o by two oS

. ed techaique. It provides an approac

of an activity s zero. then the P ——

etion of whole progect Tty Sy

Review Technique | PERT,
evaluation review techasque (PERT) s 3 proece Sarvirg g
v 2 fof sergung
nhglummgw.h-guu-n
lp:tlyh‘mhanhc-hn- The pr
is applied for long range planmng, nstsdancn of -
and markenng programmes and adverhmng programees T
ing three lime estimares
sime. 11 is ihe shortest possible time n whach 3 wcne
lly well

Itis the time in which the acuvity is scrmaily =

Tt is the time which an sctvity wil ke
three time estimates.
1, = Opumistic ume,
f, = Most hikely nme. and
= Pessimistic ume
time (1, ) for completon of wn wn e
&+, + 4,

A e

CPM)

(CPM) was first used by Morgan R Walker @ 1957 1t beips @
better and detashed pianning ose e encourages discrpime and
od for communicating project plams s edules and to e sad cost el

works under a0 execubive leadershep. It divides the
between suthorsty and r=-




dact Lyot, speiatin
AT M g -

layout is surtable t
position layout The f
yout, the product is <o larg

material and labour

and Dispatching
i & vital portion of pr
'wihere the work s 1o be Jone, «hat mach
of operations 1w e

18 the most impor
release of work surt
‘established plan

ing 18 one of the clasucal -
for firding the best use of
d successfully t chemcal

o is an excellent techmigue ©or = '3

w"" hl.ll\""
efficient o

mim e |\u_*ncll‘

n pebi
envirommen ‘
- J d) oaly motion study

OBJECTIVE TYPE QUESTIONS

¥ |
J fend 3 !
5 caly work messurement

most efficiont method of performing 4 job
minimum time of compieocn of a job
slandard method and sesadard tme of 2 jub
motions involved on ihe part of the workes while performing » job
by means of
(b) process chan
() any one of these

.Engineering&
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.Engineering

‘,;.7 of a large number of parms X Zas de drvided Into ™o mager
body and the chassis. The body 1 that part shere passengers have ther seais of the
caego 10 be carried 15 placed. The chasmis s e mmrn machme poruon which have
frame, wheels. axles, engine_ steenng, flel @me. mmtusor o
an sutomobaic, 1s made up of the follow g componenes
structuse of frame work |, (5} Engine or source of pus s
structure . (¢) Auxilianes and (/) Conmrals.
body structure of sutomobiles is of Twa nypes

and frame type: and (b) Unst type (frameiess smscnure s amds i 48 MOROCOQuE

) Transmission system

and frame (vpe design, the body (s beited w 1 separae frame Most of the
and brake loads are transmitted to e fame n e wer Dpe design, the she ot
ﬂ.l!m-hchm-nﬁ'ljm“hnl In of wer
is mtegral with the body. This rype of design enables rodiscton 0 budy o
improves the fuel consumption aad makes Srving casy | siso mcreases the safi
Tbetier impact ahsorplion.
Automabile
wwmmﬂ&d-hmnmem 10 the
_#Mmﬂ:ﬁn‘md-lau-‘hwweﬂmi.nnWI as (orgur is pro-
haft is coupled to the dnving road wheels chutch, gear bos, propeiler shafl.
ﬂMmethmwmhmxmnwmmu«i
road wheels to propel the veiicie The torque depends upen the pressure
ﬂhhﬂdmﬁm-ﬂu-mﬂmm-mwm The sctual

re Vh*mrﬂmwﬂ'mw“IB"‘“'!'!MM'“'W!N

with the mcrease = speoed up 1o a certain point after which 1 sars
increases engune v gt e -
m.wwmmhp At hugher
&':)Imlhqlbwnnhbic
Igl.—nqh-'un-nu.dknd;uvllh The mechanical
of brake lll'm—nn
kel




than the sum of all the
which apposes the motion of

Between the wheel

18 known as rracr,,,
s . 2 L type of tyre tread,
-.. e ’ L ¥ I3, mllmg mewstance,
K = Constant of the rolling ressance and
* Final dvive rar, W= Weight of the vehicle m iy
Of & for best roads and lnose Sandy roads is geserally wikew us 0.0095 and 0 18

@i resistance. The wind or sir resistance Spends spon Be shape and uze of

and speed of the vehicle. It increases as e sare hicle speed owing
wbiles. When

3ir velocity 1s usually neglected. Mathernancails i resstance.
R, =05pcyart
P = Air density in kg/m
¢4 = Coefficient of drag,
, A = Projected frontal anes o m° and
‘ : ¥ = Vehicle speed m mys
w]. and o . o take he « v
u_“_ of the driving - B B calculating air resistance, it is casy o take the vabse of e
Ry =(0.0386 p.c ) A=K, 4 W2
K, = Coefficient of ar resstance,
A = Projected frontal ares o =, and

¥ = Vehicle speed i kom ' b
that since the air resistance increases weth the square of speed, thus at tw

cle speed (F) in

(K, = 00386 2 1)

K= 0.031 and flor buses and trucks, K, = 0 (45
Lnesistance. The gradient resisiance s due o the stoepoess of road grachent. It
thicle weight and the road gradsent. Maihematically, pradicnt remstance,

By = ¥und
W= Weight of the velucle 1n newitons, and
0 = Inclinancn or pracvent of road.
hat when the vebicle is moving siong a level road, it bas 1o face rolling and air




known as cans
R i
.

10 ite motion any

transmission logse,

Iransmission lossey)

5. In order 10 run e
. Following are - -

the sirand fuel (perrol i oo
oxi v 2010 30 bar (comgres
the range of 400 w0 50"
of the awr fuel muxre
reaches the top dead cc-
wvolume cycle) In Ono ¢,
is bumed instantancous o oo

the ar 15 drawn

eycle). In diese!
place gradually, withou!

and 15 subjected
be readily cooled
heads. Aluminitt
are oflen made

Breven! ﬂnmhu““’"‘
| 11 should be resistant

warc)“"‘d'"

.Engineeri

of metal, made from » ungle wift eel pate The most cammpnty used sompoand
gashets are metal mbraion gasken s rz 4 3wEn ket and metal graphite gasken

eylinder linees are insened i S ¢y lunder Slocis. = hach zan Se replacad when

inside of each cylinder hner 3 grvon 3 fime crosshaich pancm Mrough & machmeng

Wi a3 honing. In order 10 reduce frctum snd wear on e cylinder from the sluting

ofithe piston, the piston s ground 1o & very fine fmh. The material used for the cylinder

ry cast iron of aluminium alloy 1t may be soted ihar de < lnder dock w e foundanan of
The other engine pants are sttached or 1sscrbied min S - imder Soxk

Imsermal dismeter of a cylinder is referred 10 15 sther cofmder bore or sumply bore. The

18 determined by the bare. the prston sirsiee (1o e dstance that the pistan
TDC and BDC), and the umber of cy linders compleyed i 3 win-cylmder cngine. the

B Betwsen: the centres of adgacent bores 15 known o the bore sk The disiance from the

sunface 10 the crankshafl's centreline s cailed the Sack degée (This o sanke in case of
wiso).

The main function of & pesion s 10 ransmit e force ceemed By e buming of charge
rod. Since the prstons move backwands and forward soder agh remperatures and

B, Shesefore, they should have very good heat condscnas sad wear resistance, amd should

The material used for pistons are slununem alovs made Sorm alummum with
mskel cic

Piston. The piston nngs must be resisiant 1o wear. Sough. ressmant % heat, 1d be able
Generally, there are two sets of rings, compressns mogs and o control rings. The
‘are made from a special cast iron o carbon steel The srmany Section of compression

& gas tight seal between the praton anc

{he heat 10 the cylinder that the pston recerves during combustion. The oil control

om carbon steel and thew functon 1 1o provide effective seal to prevent leakage of
tinder

.l':‘ 11 in 2 link berween the peston and crankshafl. The main function of the




Is supplied ©

wavn‘cylmdcr
pefore the

F .(dn:onllb“"“‘”
'hhll‘“‘ foree.

: W et for g e gine, a
o sdruke which o compeemsad Surag Be g, :.::Jh o=
(just before the begmnung of the expansion smse | s « .,

ot aet o st
e by e hea e
404 exhaset o are wemsiar e s dnd e e engunes,

I & rwo stroke engine, the workmg cycle © completed = v ko,

: ond sire

”“*.mw“ he

Hone of the craskshall. This is schievest by campmng ot wucton, cormprasn,
‘processes i cach stroke

e the fuel 10 the enpme. It compems of e “iicw ng sy
Puel tank 1t s used for swring the fuel 54
el 1t is unod 10 measure the quantiny of fael sresent o the wrorage tank

Pl i used 1o drww (e flsed from Be Sk wnd defiver © the carburenior (of
. ’
e u Buddy). It & device, whuch sy e ur and fuel, and supply the
f < < 0 POper comibastion. % e cagne cylinder under il
et wth aur v cormect Srogernon. i 1lso sumanic

¥
& 0 SEporon. foor startng, «dhmg and scceleration,
u leas fuel and more air m pormon) e Jarr fe=sie sperstion. In arder
-l & carburetton has & vanesy of fved and slyacatic o purs, pump and

Z electronically controiled fsel mpectior syytem o3 used (nstead of

-~ : imee s devectesd, 3 compruter saes the information o

me of f tequired (0 give a predetermined sr-fucs (AF) ramo, and the furd s
otoes which are located n mtaie mas: o, rust 1 e back of ke

10 the carburenes-type Soel symem, the fuel injection e

el cconomy, improved emsssion. higher prraer and higher

“—-—h“"-"“ ke e (] wheres o Lo
the combustion chamber mewr the = of commresen s

= with e durning of amr-fuscl muture i the cogine oy

“' b about 30% of the beat generated 15 convepied imto e i
about 70%) aboui 4% is carned sway by the cxhaust gases mio the
[the heat (about 30%), if not removed by any other means. can
T &ﬁmd’mﬁqmw 1 10 remove tis ot and
Priase temperature, no matter under whal conditons the euumebi's s
< xystem are used n automobile engines

system 15 mostly employed i light eogmes such as

enganes contam fins or 1ibs on the vuter surfaces of the
‘more area for ait contact, resultang 1 betier radiation
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2 Liguid ar water cooling. This type of couling system consists of a radiator, water pump,

thermostat, fan and Each cylinder of the engine is surrounded byp-

waser jacket While the engine is rosming, the heat generated in each cylinder is conducied through

e cylne -—..Mimmlhnmjulubyuhew.mpump

‘htm&rﬂ-‘tn-r.uhnihmuby wir that passes through an array of
Sooling fims. Then, the coolant is recwrculated 1o the éngine. J

kmh-dhe-ﬁmndndm. ‘When the engine is started from cold, the

cha P from emtering the radiator until the engme has warmed up. It may

aaly engine when the th s closed. In case of

_Timay be soed that the water is generally used as coolant 1o absorb and transfer heat in order
W prevent overheating of the engine. Though water is a satisfactory liquid 10 use for absorbing and
‘ransferning heat, L } The folk g are the drawb: of using water as 5
‘coolant medium.

ﬁ'h‘“hhﬁ'm and freezes rapidly, thus it cannot flow around the

ok F g th volumenl‘wn:rmdrhumympnnvh cylinder
Block or other cookag system pars.
inside the cooling system

wﬂ- B crate £
known as anti-fr | are mixed with water

© Forthe s ties

mﬁ-mﬁgumWhmmiuduulhnm_nlowmmcfn:;mg;n-m-

Emm;murmm 100°C. Some inhibitors and addi es
P

the buildup of rust and scale

L

ping. filtration, cooling, circulation and o1l pressure regular.

ing. the engine oil stays in the oil pan at the bottom of the engine
staried, ol in the pan is sucked up by the oil pump (through straicr) linkeJ
haf ! is regulated by a relief valve. The oil is then filiered by the
2 The fil cooled oil is then fed

y 10 the cylinder

erankshaft joumnal, and is then sunt thiough the
lubricating. the connecting rod bearings. It is ejected out

jets ta lubricate the cylinders and piston pins.

rdes Wiyaﬂmlmncnm the cylinder

her The oil fed 10 the holders lubricate the

m of jet 10 lubricate the “yms. The oil fed

o

ENGINEERING

3 To provide low 1o high speed drrvng capabsfiry, and
4 Tochange the direction of whee! rotasion (foreaed or rever
The engine rotation is transmitied 1o the Tandsrassion mamAka ® Nrog ot

lever The countershaft's output gear tramsfers the motion - -
d.rdin‘mmlmmmmm:lenmanyn driveshafts. These shafts, wiiimg Bapae
j#nd right wheels respecuvely
Cluteh
i sutomobile has to operate under varying load conditions on the
hg engines and also during gear changes, i1 13 necessar, =
fh I8 & device to continue or discontinue load on the engre m n

installed between the engine and ransmisen. & ramses
Mrough the use of friction. The clutch is linked o ®e chuncs p
mmﬁv-mduvnanﬂu:hanszeﬁ-_ he Tinkages
This uncouples the sngine from the transmission. ‘Wem he o
hh:hmhmununwmn Now power cmm figw 4o
beh, w0 the transmission and power train.
man components eh:lmhmmw flywheel, a Scnoa (¢
Bywheel is connected 10 the engine crankshaft. When e copae s
‘hmyhnummnulmdnﬂrnhedm»m 1 aiso
bmmmm'nmmwnnz

whan the eluteh is engaged he pressure
diaphragm spring, whish is located inside the
betwaen the twa driving membars. Thess thres
Totation of the enging 9 be vansliemved i the iransmission



i the cylinder st appropio1c
s 20000 volts) of curment (v
ime in the various cylinders

ofthe ngine and for
ystem is the altemalor.

- altemator belt The

hrough rectifiers insislic!

10 be g of supplying
¢ e {8 shut down of

# battery and for

IV by

T M ey

also made wp of syttt resin 4 wnall ho
and hydrogen gases whuie contuning the sulphu

dﬁ—j--ﬁ:dﬂd-th; The pasi-«
connections of e Samery wxis
8 divided into six ceffs, cach with several sems of po
ahal-m—,-h-l-akmnhy gnd.
is a collection of hgaty porous small brown parmcies
cles over tme and Mese are dislodged from the gnd
o

hapes

Ahve

y loses porosity. comtraces and becomes hard. [n order
) dhn’-huﬁ-'-mble.mumdmi

the positive and segasive plases i each cell 1o prevent
SCPAratons must be soncasductve and porous while ng
resistance. In addition w e separator. glass mas are form

loss of the actve maserai anet cxsdation of lead pere
attery is filled with eiectraivie ar hatery sciuon made up of o
" an i four pars of Sstilled water. The contact of the
Benerates and stores clectricity whsle improving clectrical
of a fully charged battery contains sbout 3% sulphuric acid by weight
tilled water. This cormespends  specsfic gravry of | 23 a1 27°C [f
B0 the battery, the plates, separstors, et will becomes corrded,
-har and shortened battery life. It is, therefore, vital that only

Or water purified by ion exchange be used.

on the principle that an ciectnc current is generated when o

Potential are connected with a conductive wire snxd subrmergrd

8 hm-mﬁndn-umchrm
Energy 1s recomverted o clectrical energy

dhscharges, the positive plates containing lesd pervade

Y lead (P) combine with sulphuric acid (H,50,) 10 form l<sd

\HLO). As discharging continues and the sulpburic acid continues 1

i the process is proportional 1o the amount of electricity

| Mighly comosive and poisonous acid. Sulphuric scid is sohsbie in

melting point i 10° C. This scid is widely wsed in chemicals,

1t has 3 debydrating property, therefors, paper and other fibres
18 contact with the acid.



mmtnvm,

ctrols B8S i Proportion 1,
iy mhlhn:ry“:,m

formed on plates forms |,
il reaction is irreversible ang (1,
ve battery is “dead”.

cd
mically decomposed. In this pr..

ity of the clectrolyte is increased 4
e, e to lead peroxide and 1o -

of sulphur jons from the plate.
y begins. The hydrogen gas is emined o

radually. When the banery beg s 1
level. When fully charged. each e

e direction of motion of 3 vehicle (w
the rotation of sieening w heel

is transferred 10 the siecriny ¢
then converted mio latera! =
tig-rods are connected 1o e
kle is pivoted on the suspensio » -/
d to the knuckle arm This ca
is 10 be changed
10 the fie-rods These ba
thet are caused Dy s

purpose of a suspens1
pact forces that arc rai
With the road surfacc
Bilie vehicle in any P>
on the design | © rigd ¥
e

p rigid axle suspes' . o
BN g which <<

System has become almast sarversas = case of front
e generally used m sssomossicy
suspension svsiem
(conl spring and v
of freedom i devegn '« 4

wheels The

very effectrve i providing

nm_-:—-v- of 8 lower arm
and
hwﬂlﬂ“ The ends of the lower srm

fing, The spring is offset in selation 1 the sort 10
compen
*dbﬁ-mdtu-n it allows more positive
ﬂ“n‘aﬂa—-‘

following funcrions.

braking force,
w the direction of traved, and
'to road i h“ﬂnﬁ-huﬂ suspeanon

08, oF & radial ply comstruction as shown i Fig 17 4
% (=)
”m“_hdmtmmwaxiq
 €Toss-bias tyre construcnon In radial ply nire construcion.
%

of the <omponents.
_uﬁ“‘llﬂ-ﬁnmrudumk’uwa

ymibenc rubbers. it protects the and provid
durability 1o the ryre. NS

Belts made from sicel are used 10 reinforce ihe ares

and help the tyre sty flaf so that 1t

Strength steel cabie comed with rubber 1 gives the rre
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dle the forces applied by the 1y,

road shocks. The body 1s mad.
only used ply fabric is polye<i.,

the lateral stability 1o the tyre

m means that
widih or thickness of ryre fom dhasider « Gewtir
et rato is T0%. The aspecr romo & defined

148 mm

i3 lower due 1o 1<

iR nommally increase

af the vehic '

gectional v idth 4
o sioer he vehicle. But, excessive camber will, bowes er

@y mclimation). The kingpin (ball joint centreline ) inclinatym

ineeringl



wheels 1o

S position s

distance beracen i

InFig 175 (). the dintan.

| Voe-in and 15 measured m mo

" the condition i calic.!
o stabilize steering and! 1 ;

. ﬁ”—-Muup‘*
S -tm-h,-u..n

1 180 degrees apan from cach uihcl

o reduce speed of the vehicle Whe
m‘whml‘umxd 2
mmw disc). The
m-n-wlyuw’"”

ni or blowing
from an aux !5
imeans such s 8 1"

hl-s-tvnu &l T
s -l-\-u
e \
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Fig I7&
a power booster i serves i 2apac b
wansiuts the pressure druga o D T o
~~~!h,ﬂmhmﬁm The actsarsca =
the rotors ( front wheeis or Sreoes csar «fecl

oo movement of pisions wnd
humnhmﬂm
e wom, the caliper pision must havs lager o
in the brake lme

sc brake on the front wheels, s some Save dac brarcs
l-idln(nnu)a-ﬂ-l-h wheel bub instes
‘on opposite sides of the rotor and arc e

performance
I fype of brake and = cur-eatly used w rear wiecls o
is atached 10 the arle or hub flange. just inside the wberl.
10 the backing plate so that they can prvot i and -
rotate with it The anchors can be arranged m such 2 way the
ot the smoath end of the shoe buts sgainst 2
from the shoe 10 the anchars, 1o the bac kg



evenly mixed up X J
thinner so that it can b A & 09N
<ar 38 20 kmph s @ The sr renestance .80 kmph will be
In water, o1l and 4, b *) IR e 42 ) apt
3 0.2 vehicle having » mass of 989 kg mov g on an inchine of 10
) 16684N ) eEsaN ) 1669 4N
Mw*— Cylmder 3 cafied as

5

(5) brake power ) Sesemalpower  (d) nose of these

y used power plant n sutomessies 5

(8) LC engne e} Semery (@) none of these

works on

@) Camoteyele &) Dieselcycic () Rankine cycle

‘engine
8 square

length of piston are same
horizontal and teo vermcal
eylinder bore are same
armungements for sutomct e cogines e
v (3) m a row, = lne. and oppesed
e, V. and opposed (@) V. double row, and opposed
are also known as

®) compression ignition (C | ] engines
@) none of these
works on
@ Cammot cycle
@) Ramkme cycle
are also known as
(5.1.) engines &) compression ignition (C 1) engines
@) none of these
P essure and remperanire
*fficient than Owo cycic
than Diesel cyche
¥eko and Diesel cycle are squally efficient






