1-2H (Sem-1 & 2) Introduction to Mechanics of Solid

PART-1

Normal and Shear Stress, Strain, Hooke's Law, Poisson’s Rutio.

. . Questions-Answers B I_
Introduction to g e
LUNIT

Long Answer Type and Medium Answer Type Questions |

Mechanics of Solid _

Que 1.1, _ Define stress and also classify it.

CONTENTS A Stress: : body against
1. The force of resistance per unit area, offered by a B vy
deformation is known as stress. The external force acting on the body is
Part-1 : Normal and Shear Stress, ......................1-2H to 1-5H called the load or force. Mathematically
Strain, Hooke's Law, P
Poisson’s Ratio Stress, o= M
Part-2 : Elastic Constants and ........coeoooo............1-5H to 1-9H Where, P = External force or load,
their Relationship, : A = Cross-sectional area.
Part-3 : Stress-Strain Diagram for .................... 1-9H to 1-11H _ 9. Itisexpressed in N/m?. .
Ductile and Brittle materials . B. Types of Stress : Types of stress are as follows :
Part-£ : Factor of Safety, Basic s BT b0 1-14H ! i. Normal Stress: . . 3 anal 1 Iti
Numerical Problems 1. Itisthe stress, which acts in a direction perp.c.:" cular to tae area. tis
_ represented by c. .
Part-5 : Types of Beams under Various........... 1-14H to 1-15H 9 Thenormal stress is further divided into tensile stress and compressive
Loads, Statically Determinate Beams . -
Part-6 : Shear Force and Bending .................... 1-16H to 1-23H a. Tensile Stress:
Moment in Beams, Shear Force’ 1. The stress induced in a body, when subjected to two equal and
and Bending Moment Diagrams opposite pulls as a result of which thereis an increase in length, is
known as tensile stress (Fig. 1.1.1(e)).
Part-7 : Relationships between Load, .............. 1-23H to 1-32H i
Shear and Bending Moment, 2. The tensile stress acts normal to the area and it pulls on the area.
Basic Numerical Problems \; b. Compressive Stress :

1. The stress induced in a body, when subjected to two equal and
opposite pushes as a result of which there is a decrease in length of
the body, is known as compressive stress (['g. 1. 1.1(b)).

2. The compressive stress acts normal to the aren a2 [t pusheson the
area,
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(a) Tensile stress (b) Compressive stress

Fig. 1.1.1,
Shear Stress :
The wﬁnmmm. induced in a body, when subjected to two equal and opposite
forces which are acting tangentially across the resisting section as a

result of which the body tends to shear off across the section, is known
as shear stress (Fig. 1.1.2).

It is given by, © = Shear resistance B

Shear area A

Y~

Fig. 1.1.2.

Que 1.2, _ Define strain. What are different types of strain ?

e

P

{oa]

B

iii.

iv.

Strain :

The ratio of change in dimension of the body to the original dimension is
known as strain.

These changes in the dimension of the body occur due to external load
subjected on the body

Change in dimension

Original dimension

Types of Strain : Types of strain are as follows :

Tensile Strain : If there is some increase in length of a body due to

external force, then the ratio of increase in length to the original length
of the body is known as tensile strain.

Compressive Strain : If there is some decrease in length of the body
due to external force, then the ratio of decrease in length of the body to
the original length is known as compressive strain.

Volumetrie Strain : The ratio of change in volume of the body to the
original volume is known as volumetric strain.

Strain =

Shear Strain : The strain produced by shear stress is known as shear
strain.
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Que 1.8, | Write short notes on :
i. Hooke's law,

ii. Longitudinal strain,

iii. Lateral strain, and

iv. Poisson’s ratio.

i. Hooke’s Law:
1. It statesthat, when a material is loaded, within its elastic limit, the stress
is proportional to the strain. Mathematically,
Ow®wE
c=FE¢
2. It may be noted that Hooke’s law equally holds good for tension as well
as compression.
ii. Longitudinal Strain : .
1. Theratio of change in length to the original length of the body is known
as longitudinal (or linear) strain.
2. The longitudinal strain in also defined as .n_um deformation of the body
per unit length in the direction of the applied load.
Let. L = Length of the body,
, P = Tensile force acting on the body.
L = Increase in the length of the body in the
direction of P.

3L

Then, longitudinal strain = T

iii. Lateral Strain: .
1. The strain at right angles to the direction of ap
lateral strain.

2. Let arectangular bar oflength, h” cnm,m& v“.wwwmm, Sryim
an axial tensile load, P as shown in Fig. __ a =i
increase while the breadth and depth will decr ;

Let 5L = Increase in length.

plied load is known as

d depth, d'is subjected to
gth of the bar will
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8b = Decrease in breadth.
8d = Decrease in depth.

m..ﬁ.emn..m_ strain = WI.W or Imm

b d
_..llol.'

df! i |(d-8d)

|-
®_sb)
Fig. 1.3.2.

iv. Poisson’s uﬂsﬂo.u The ratio of lateral strain to the longitudinal strain is
M noﬂmnmuﬁ.wow a given ﬂmﬁmlﬂ. when the material is stressed within the
i astic limit. This ratio is called Poisson’s ratio and it is generally denoted
Y -
Lateral strain
Longitudinal strain

“PART-Z]

Elastic Constants and their Relationship.

Poisson’s ratio, p =—

Questions-Answers !
i
|

Long Answer Type and Medium Answer Type Guestions

Que 1.4. _ Explain the various types of elastic constants.

pemezers ©

Various types of elastic constants are as follows :

i. Young’s Modulus : It is the ratio between tensile stress and tensile
strain or compressive stress and compressive strain. It is denoted by E.
It is the same as modulus of elasticity. Hence, mathematically,

Young’s Modulus, E= 2

£
Modulus of Rigidity : It is defined as the ratio of shear stress, t to
shear strain and is denoted by G. It is also called shear modulus of

=

T

elasticity. It is given by, G = =

1-6 H (Sem-1 &Wv Introduction to Mechanics of Solid

iii. w:._r or Volume Modulus of Elasticity : It may be defined as the
ratio of normal stress to volumetric strain and is denoted by K. Hence
mathematically, .

K=

& |a

Que 1.5. _ Derive the following expression for the elastic constants :

E

K= 3a-20

Bulk Modulus, K= —omalstress o 151
Volumetric strain ¢,
2. Consider a cubical element subjected to stress o along X, ¥ and Z

directions (as shown in Fig. 1.5.1).

1.

¥ ay
'y
e 1 rac
—/
ﬁ_ B
_
ST —_
| %
| 2 C X
|.. y | P,
A
v\‘,vn 7
- &
zh : 5
Fig. 1.5.1.,
[Forces are same along each face P, =P, =P, = P)
g ; + _ mltau _ho.
3. Strainin X-direction, £ = e
0, =0,=0,=0
o o o O
= s —p—==(1-2p)
““E 'EY'EE
(3
imi =g, = —(1-2w
Similarly, §=5=3 u
=g +E +¢

4. Volumetric strain, g =g +& +§,
5. From eq. (1.5.1), we get
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E=3 mm (1-2p)
v
o
3(1-2p)
Que 1.6, _ Establish the relation between modulus of elasticity (E)
and shear modulus (G).

1. Consider a cubic element ABCD with fixed bottom (BC) and top face AD

subjected to force P (tangential).

v

i
Fig. 161"

Due toload P:
i  Shear stress tis induced at AD and BC.

ii. Complimentary shear stresses are set up at AB and DC due to
which cubic element ABCD distorts to BA D, C:

AA,=DD,
DD,
l
DD, = l$ .(1.6.1)

Diagonal BD elongates to BD,.
Diagonal AC shortens to A,C.
BD,-BD BD, -BD,
BD  BD
(DD, is perpendicular from D to BD\]
DD, is small, therefore £ BDC = £ BD,C = 45°
£ DD, D, ~ 45°

From ADCD;, =tand=¢ (Since ¢ is very small)

Longitudinal strain in BD =

DD, DD, cos 45°
BD  BD

Longitudinal strain in BD =
From eq. (1.6.1), we get
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_1h(1/42)

2

8. Longitudinal strain in BD = £ - < lvi=Gyl (162)
2 2

9. Strain in diagonal BD is also given by :

a_u.a.a due to tensile stress in diagonal BD) — (Strain due to
complimentary stress in diagonal AC))

T | T
2 | = |=—(1
7 ﬁ:i = L+w) ..(16.3)

10. From eq. (1.6.2) and eq. (1.6.3), we get

T

ey (1

%G + )
= E=2G(1+p

|

expression :

9KG

E=
3K+G

1 Weknow that, E=2G(1+p L(17.0)
and, E =3K(1-2p) .(1.7.2)
E

2. Fromeq.(1.7.1), p= G —1and put it in eq. (1.7.2).
| caxl1-E 2]
G

E "3G-E] [SKG-3KE
z-axfo- g -ox [ 5 5] [ 255
GE = 9KG - 3KE
GE + 3KE = 9KG
E(3K + G) = 9KG
_ 9KG
3K+ G

Que 1.8. _ Determine the Poisson’s ratio and bulk modulus of a
material, for which Young’s modulus is 120 GPa and modulus of

rigidity 48 GPa.

E=3k|1-2(E_1)| =3
- \2G :

| |

E
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Answer _

Given : E = 120 GPa = 1.2 x 10° N/mm?
G = 48 GPa = 4.8 x 10* N/mm?
'To Find : Poisson’s ratio and bulk modulus.

1. We know that, E = 2G(1 + p)
12x105=2x4.8 x 10% (1L + p)
p=1.25-1.0=0.25.
2. Bulk modulus is given by,

Nﬂ. - Mm.n o H.M .vn HQW

3(1-2p) 3(1-2x0.25)
= 8 x 10* N/mm?.

Stress-Strain Diagram for Ductile and Brittle materials.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Guel9. | Draw and explain the stress-strain diagram for mild
steel under tensile load.

Answer

Fig. 1.9.1 shows stress vs strain diagram for mild steel specimen. The
following salient points are observed on stress-strain curve :
A

Tensile stress (o)

Hefe—n & ———]
Tensile strain (e)
Fig. 1.9.1. Stress-strain diagram for mild steel.
i  Limit of Proportionality (4) : It is the limiting value of the stress
upto which stress is proportional to strain.
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iii.

vi.

H_»wnm.n Limit : This is the limiting value of stress upto which if the
material is stressed and then released (unloaded) strain disappears
completely and the original length is regained. This point is slightly
beyond the limit of proportionality.

Upper Yield Point (B) : This is the stress at which, the load starts

reducing and the extension increases. This phenomenon is called yielding
of material.

Lower Yield Point (C) : At this stage the stress remains same but
strain increases for same time.

Ultimate Stress (E) : This is the maximum stress the material can
resist. At this stage cross-sectional area at a particular section starts
reducing very fast. This is called neck formation. After the stage load
and hence the stress developed starts reducing.

Breaking Point (F) : The stress at which finally the specimen fails is
called breaking point. At this point strain is 20 to 25 per cent.

Que 1.10. _ Define brittle material. Explain the stress-strain diagram
for brittle material.

Answer

=P

-

Brittle Material :

?mamﬂmiw_ﬁanrmrcﬂm4mﬁu.m5mbmuouwmio:wmmo_.mm.wnﬁﬁmmmr.doﬁd
as brittle material. .

Cast iron, concrete and high carbon steel is brittle material.
Hence brittle materials break easily when subjected to shock.
Stress-Strain Diagram for Brittle Material :

Fig. 1.10.1 shows the stress-strain diagram for brittle material, in which
strain is are plotted along x-axis and corresponding stress is plotted
along y-axis.

—pStress

0 C —» Strain
Fig. 1.10.1. Stress-strain diagram for brittle materials. .
This diagram is obtained by performing a tensile test on the specimen.
The end of the test piece is fixed into grips connected to a .mﬁ.ﬂ.bim
device and load measuring device. The load on the test piece s increased
slowly and corresponding extension is measured.
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From these readings, the curve OAB is obtained.

5. Inthiscurve, from Oto A the stressis proportional to the strain and this
is known as elastic stage.

m.dvﬁoﬁomnﬁm.moow.m_mﬁ mmmﬁv:amgm,q.rmmwummmmﬁﬁ represents the
proportional limit,

7. Ifthe load is increased further

diagram becomes curved. The
strain.

the elongation becomes more rapid and
stress will not be proportional to the

At point B, suddenly the specimen breaks into pieces.

The total elongation OC before fracture is very small as
total elongation of ductile material.

Factor of Safety, Basic Numerical Problems.

compared to

CONCEPT OUTLINE |

Factor of Safety : It is defined as the ratio of ultimate tensile stress tq
the working (or permissible) stress.

Permissible stress

Questions-Answers

H.,Omn gﬁamgmanmwm \;
Long Answer Type and Medium Answer Type Questions *

Que 1.11. | A rod 150 cm long and of diameter 2.0 ¢m is subjected to

an axial pull of 20 kN. If the modulus of elasticity of the material of
the rod is 2 x 105 N/mm?; determine :

i. The stress,

ii. The strain, and

iii. The elongation of the rod.

Given:L = 150 cm = 1500 mm, D = 2 em = 20 mm,

§B mﬁen = 100r mm?, P = 20 kN = 20,000 N, E = 2.0 x 105 N/mm?

1-12 H (Sem-1 & 2) Introduction to Mechanics of Solid

1. The stress (o) is given as,

P 20000
o= —== =63.662 N/mm?.
A~ 100x mm
2. Modulus of elasticity,
E=Z
E
Beain, sm 2, 98662 ., oon8is
E 2x10°
3.  Strain,
dL
E= —
L
Elongation, dL=gxL

= 0.000318 x 1500 = 0.477 mm.

Que 1.12. _ Find the minimum diameter of a steel wire, which is

used to raise a load of 4000 N if the stress in the rod is not to exceed
95 MIN/mZ2.

Answer

Given : P = 4000 N, o = 95 MN/m?2 = 95 N/mm?
To Find : Diameter of wire in mm

P
1. We know that, Stress = WMMM = 3
4000 x 4
95 = acocuﬁocc“ﬁcw D?= :xwxm
HU» n D
4
D =732 mm

:

Que 1.13. | A steel bar 2 m long 20 mm wide, 10 mm thick is subjected

| i i i ind the changes in
to a pull of 20 kN in the direction of length. Fin A
length, breadth, thickness of bar. Take E = 2 x 10° N/mm?* and
Poisson’s ratio 0.3.

Answer _

quaﬂ..hnwE‘wnMcEB.uupoﬁﬂ.m"wowzﬁmnmx

=0.3. .
ﬂo Find : Changes in length, breadth and thickness of bar.

105 N/mm?,

L T
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1. Longitudinal strain,
&l Stress
T Sicaulos oF slasticity
WY < LS N . N
E AE  (20x10)x 2x 10"
=0.5x%x10%
2. Change is length, & = Longitudinal strain x Original length
= (0.5 x 107%) x (2x10°) = 1.0 mm (increase)
3. Lateral strain = Poisson’s ratio x Longitudinal strain
=0.3x(05%10%=0.15x% 10
4. Change in breadth,
8b = b x Lateral strain = 20 x (0.15 x 10-9)
; = 3 x 10" mm (decrease)

Change in thickness,
8t = t x Lateral strain = 10 x (0.15 x 10-%)
= 1.5 x 10~* mm (decrease)

Que 1.14. _ The modulus of rigidity of material is 39 GPa. A 10 mm

diameter rod of the material i
5 kN and the change in its
Poisson’s ratio of the material.

s subjected to an axial tensile force of
diameter is 0.002 mm. Calculate the

Answer _

Given: G =39 GPa,d =10 mm, F'= 5 kN, 8d = 0.002 mm
To Find : Poisson’s ratio of the material.

The stress induced in the rod by tensile force,

F 3
o= 2= 2210 _ 63 66 N/mm?
x (10)*
4
Longitudinal strain,e= S - __ O i
E-2Ga+ 3 [ E=2G(1+ ]
e 63.66 _8.16x10*
mxwmchuS+E 1+ p)
Poisson’s ratio, p= _ Lateral strain s Gd/d)
Longitudinal strain ~ (8.16 x 101)/ (1 + )
u-  (0.002/10)

(8.16 x10%) /(1 4 ..

1-14 H (Sem-1 & 2)
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= 0245098 (1 + u)
0.76594 p = 0.245098
p=0.322

_ PART-5 _

Types of Beains under Various Loads, Statically Determinate Beams.

-n“_n-zn_wﬂ.._u OUTLINE

Beam : A beam may be defined as a structure element which has one
dimension considerably larger than the other two dimensions, namely
breadth and depth, and is supported at few points.

£ o —

Questions-Answers _

|

Long Answer Type and Medium Answer Type Questions |

Que 1.15. _ Describe the various types of beams.

Answer _

1.

Types of beams are as follows :

Cantilever Beam : A beam which is fixed at one end and free at the
other end is known as cantilever beam (Fig. 1.15.1).

4
4

Fig.1.15.1.
Simply Supported Beam : A beam supported or resting freely on the
supports at its both ends is known as simply supported beam (Fig. 1.15.2).

& e

Fig. 1.15.2.

iii. Overhanging Beam : If the end portion of a beam is extended beyond

the support, such beam is known as overhanging beam (Fig. 1.15.3).
Simply supported portion Overhanging portion

A\ X
Q |W.‘.l1 Support

Fig. 1.15.8.

iv. Fixed Beam : A beam whose both ends are fixed or built-in walls, is

known as fixed beam (Fig. 1.15.4). A fixed beam is also known as a built-
in or encastre beam.
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v. Continuous Beam : A beam which is provided more than two supports
(Fig. 1.15.5) is known as continuous beam.

a 2 a

Fig. 1.15.5.

Que 1.16. _ Describe statically determinate and indeterminate beam
with examples.

1-15 H (Sem-1 & 2)

Answer

A mﬁﬂnm.nw.:% Determinate Beam : A beam whose external support
reaction can be calculated using the normal static equilibrium equations

ﬂ_.m., IFy = 0,%F, = 0 and EM = 0) is known as statically determinate
eam.

Examples: As simply supported beam, cantilever beam etc.

um Simple ww
4 Y

| =
7 Cantilever

=]

Combination
Fig. 1.16.1. Statically determinate beam.

Statically Indeterminate Beam : A beam having more supports than

needed is wb,oﬁqm as .mﬂm,:nm:w indeterminate beam. To determine the
support reaction ws.ﬂrum kind of beam we must consider its load deformation
equations in addition to normal static equilibrium equations.

Examples : Continuous beam, end supported beam and fixed beams etc

e

Continuous

" "
7

]
e

End supported

mwm ' maw
) H Fixed E
Fig. 1.16.1. Statically indeterminate beam,
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PART-6

Shear Force and Bending Moment in Beamns, Shear Force and
Bending Moment Diagrams.

Questions-Answers ‘

Long Answer Type and Medium Answer Type Questions ‘

Que 1.17. | What do you mean by shear force ? Also define shear

force diagram.

Answer _

Shear Force (SF) :

Shear is a strain produced by pressure in the structure of a beam when
its layers are laterally shifted in relation to each other.

Shear force is the force that tries to shear off the section of a beam.

It is obtained as algebraic sum of all forces acting normal to axis of beam,
either to the left or to the right of section.

4. Ifshear force (F) tries to push left portion upward with respect to right
portion then shear force is taken as positive and vice versa.

F
F
Fig. 1.17.1. Internal forces at section; positive shear force.

B. Shear Force Diagram (SFD) :
1. SFDrepresents the variation of shear force along the length of a beam.

o

@ 1o

Que 1.18. | What is bending moment and define bending moment
diagram.
Answer

A. Bending Moment : Bending moment is the moment that tries to bend
the beam and is obtained as algebraic sum of moment of all forces about
the section, acting either to left or to the right of section.

Sign Convention :

o) Zemine ™)
-ve BM +ve BM

Fig. 1.18.1. External effect of bending moment.
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B. Bending Moment Diagram (BMD) : BMD represents the variation
of bending moment along the length of beam.

Que 1.19. _ Write the steps involve in drawing SFD and BMD. Also
define point of contraflexure.

Answer
A Steps Involve in Drawing SFD and BMD :
1

Obtain the values of all external support reactions on the beam by
applying equilibrium equations.

Now cut the beam either to the right or to the left of an arbitrary
transverse section with a free body diagram.

134

=

Assume that the shear force and bending moment acting on the cut
section are in positive direction.

-

Now use the equilibrium equation to the section and get the expression
for the shear force and bending moment acting at the cut section.

5. Following are some important points :

L Always choose that part of the beam which involves smaller number
of forces either to the right or to the left of the arbitrary section.

i Always avoid using a transverse section which coincides with the
location of concentrated load or couple.

B. Sign Convention for Shear Force and Bending Moment :

1. For left side portion downward shear force and anticlockwise moment
are positive. :

2. And for right side portion upward shear force and clockwise moment
are positive.

Left portion “ Right portion
T

: 1
M JAWE_
(1
A
Fig. 1.19.1.

C. Point of Contraflexure : The point of contraflexure is a point which
represents the section on the beam where bending moment is zero or
bending moment changes its sign.

[

Que 1,20. | Draw the shear force and bending moment diagrams

for simply supported beam of length L carrying a point load W at its
middle point.

1-18 H (Sem-1 & 2) Introduction to Mechanics of Solid

Answer _

A. Shear Force Diagram (SFD) :

1. Fig. 1.20.1shows abeam AB f izngth L mmq..u_w m:.unol.hmn at the ends A
and B and carrying a point load W at its middle point £ .

The reactions at the support will be equal to W/2 as the load is acting at
the middle point of the beam. Hence R, = R = W/2.

3. Take a section X at a distance x from the end A between A and C.

e

Let, F, = Shear force at X,
and M, = Bending moment at X.

4. Here we have considered the left portion aﬂ the section. The mw.mmn M..uﬁm
at X will be equal to the resultant force acting cn.a._o left wo;_os of the
section. But the resultant force on the left portion is W/2 acting upwards.

5. But according to the sign convention, a_.:..“ resultant force on the WM?

, portion acting upwards is considered positive. Hence shear force at X is
positive and its magnitude is W/2.
F =+ W72

x

Hence the shear force between A and C is constant and equal to + W/2.

X W
_.llxlfﬂ
4 ——|C b w
W “S L mmmnﬂ

(a)

m mem line

B
2t G I L

(b) SFD

(c) BMD .
Fig. 1.20.1. SFD and BMD.
6. Now consider any section between C E.E B at distance x fro
The resultant force on the left portion will be
(W2 — W) = — W/2. g
7. This force will also remain constant between C and B. Hence shea
force between C and B is equal to — W/2. X
8 At the section C the shear force changes from + W/2 to —

m end A.

Wi2.
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B. Bending Moment Diagram (BMD) :

1.

The bending moment at anysection between A and C at a distance of x
from the end A is given by,

M. =R,x or M =+ (W2)x .(1.20.1)
Bending moment will be positive as for the left portion of the section,
the moment of all forces at X is clockwise.

Moreover, the bending of beam takes place in such a manner that
concavity is at the top of the beam.

.Pﬁb.auowmuam,h?nﬁ.&wv x0=0

W hence, M, = .«me\.nm.

2 2 4
From eq. (1.20.1), it is clear that BM varies according to straight line law
between A and C. BM is zero at A and it increases to WL/4 at C.

The bending moment at any section between C and B at a distance x
from the end A is given by,

At C. =

gu" mﬂpxleﬂmeIWu
W Weewl WL _Wa
2 2 2 2
L WL W L wr
bﬂo.uum_umbnmanuﬁo,.!lmixmuq
>ﬁ.mvhnhrmunmhamu.$w[9|.«mv“hno.

Hence, bending moment at C is WL/4 and it decreases to zero at B. Now
the BM diagram can be completed as shown in Fig. 1.20.1(c).

Que 1.21. _ Draw the SFD and BMD for a simply supported beam

carrying a uniformly distributed load of w per unit length over the
entire span. Also calculate the maximum BM.

Answer _

A. Shear Force Diagram :

1

Fig. 1.21.1 shows a beam AB of length L simply supported at the ends A
and B and carrying a uniformly distributed load of w per unit length
over the entire length.
The reactions at the su
half the total load on the entire length.

pports will be equal and their magnitude will be

1-20 H (Sem-1 & 2)

Introduction to Mechanics of Solid

=

| ¥ wlunit length
T\.”\N\)l\.n&m)\)\./}\)\)\))\)\/\)m
- . mn L Lhm
(a)

Let, R, = Reaction at A,and Rg= Reaction at B
wlL
o 2 The shear
Consider any section X at a distance x from the left end A. The she

force at the section (i.e., F,) is given by,

L
F.=+R,-wx=+ WM| - wx .(1.21.1)

From eq. (1.21.1), it is clear that the shear force varies according to

straight line law. ) ) N
The values of shear force at different poimnt- -

wL w0 wL

}ﬁ;@.ﬂﬂormﬂnmﬁ = +|M|||.M1H+IN|
wL wL
At B,x =L hence Fy= +M1Eh e
L wL
AtC,x= L hence F, = ||
. - . : in Fig. 1.21.1(b)
The shear force diagram is drawn as shown in Fig. 1.21.1(b).
ing Moment Diagram : . .
Wﬂmﬂ NMMMEW moment at the section X at a distance x from leftend A is
given by,
x
M, =+R,x—wx 2
_wL _w? h R, - VB (1.212)
: : 9 abolic law.

From eq. (1.21.2), it is clear that BM varies according to par
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The values of BM at different points are :

wkL wl _
bnb,unovmﬂnmabnq Illm
wL w .o _
>ww‘auhrm=nm~__kmnlm|bimh =0
2 g .
= whl Emmw = WL wlr  p
>ﬂO.HnMrm=nmEGMQMIM = : ! |+I|m...

Thus the BM increases according to parabolic law from z¢r, at4y,
2
+ % at the middle point of the beam and from this value the By

decreases to zero at B according to the parabolic law.

Que 1.22. _ Draw the SFD and BMD for a cantilever of length |
carrying a point load W at the free end.

Answer _

rp

2.

3.

Shear Force Diagram :
Fig. 1.22.1 shows a cantilever AB of length L fixed
carrying a point load W at the free end B.
Let, F_ = Shear force at X,

M, = Bending moment at X
Take a section X at a distance x from the free end. Consider the right

at A and free at B ang

portion of the section.

Base line
(b) SFD
Base line

v
7
i

¢

o E
‘—3;‘»

(c) BMD

Fig. 1.22.1
The shear foree at thig gee . .

the right portion g the g tion is equa] to

Ven sectigp the resultant force acting o

1-22 H (Sem-1 & 2)
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But the resultant force acting on the right portion at the section X is W
and acting in the downward direction.

But a force on the right portion acting downwards is considered positive.
Hence shear force at X is positive.

F=+W

The shear force will be constant at all sections of the cantilever between

A and B as there is no other load between A and B. The shear force
diagram is shown in Fig. 1.22.1(h).

Bending Moment Diagram :
The bending moment at the section X is given by,
M =-Wxx (1.22.1)

From eq. (1.22.1), it is clear that BM at any section is proportional to the
distance of the section from the free end.

At x=0ie,atB,BM =0

At x=Lie.,atA, BM=WL

Hence BM follows the straight line law.

At point A, take AC = WL in the downward direction. Joint Bto C.
The BM diagram is shown in Fig. 1.22.1(c).

Que 1.23. | Draw the SFD and BMD for a cantilever of length L

carrying a uniformly distributed load of unit
its entire length.

per unit length over

Answer

A
1

Shear m,ouam Diagram :

Fig. 1.23.1 shows a cantilever of length L fixed at A and carrying a
uniformly distributed load of w per unit length over the entire length of
the cantilever.

Take a section X at a distance of x from the free end B.
Let, F_= Shear force at X.
M, = Bending moment at X.

Here we have considered the right portion of the section. The shear
force at the section X will be equal to the resultant force acting on the
right portion of the section. But the resultant force on the right portion
= w x Length of right porzion = wx.
This resultant force is acting downwards. But the resultant force on the
right portion acting downwards is considered positive. Hence shear force
at X is positive.
; F =+ wx

The above equation shows that the shear force follows a straight line
law.
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At B, x =0 and hence F.=0
At A, x = L and hence F =wL

y w/unit length "I|R —|
7 1X B
A7
\
7

(b) SFD

A Base line / ﬁ

* 777 FPITIFFT I 7777 rad B
, Wxx2/2
WiL2/2
I*Im.* (¢) BMD
. Fig. 1281,
B. Bending Moment Diagram :
1. The bending moment at the section X is given by,
2
M, = — (wx) Wu ~w 2 (1.23.1)
2. Fromeq.(1.23.1),it is clear that BM at any section is proportional to the
square of the distance of the section from the free end. This follows a
parabolic law.
At B, x = 0, hence, M =0
AtA,x =L, hence, M, =—w (L?/2)
PART-7 _
Relationships between Load, Shear and Bending
Momeni, Ba:ic Numerical Problems.
e

Questions-Answers

Long Answer Type and Medium Answer Type Questions

1-24 H (Sem-1 & 2)
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ﬁﬁo 1.24. | Derive the relation between load, shear force and

—.u@ﬂ&ﬂm moment.

1.
2.
3.

g

2

Consider a beam AB subjected to general loading.

Take a section X — X at a distance x from A.
Let intensity of load on beam is w/unit length.

X

x

w / unit length

1
I
i
i
=
I x g
o
Fig. 1.24.1. Position of element.

1
L]
L}
I
1
|
]
]

F F+dF

P
R /
F+dF
Fig. 1.24.3. Enlarged view of slemont dx.

Sum of all vertical forces ZFy, =0
—wdx +F—(F+dF)=0=>-wdx+F-F-dF=0

= —_w
dx

The slope dF/dx of the shear force curve is anm:am,,ﬂum numerical
value of the slope at any point is equal to the load per unit length at that
point.

Sum of the moments about X', XM, =0
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dx =0
(M +dM) — M — Fdx + wdx 2=

dM = Fs — 5 wid

7.  Neglecting the higher powers of small terms, we get
Fdx = dM
aM

dx

8. Theslope a of the bending moment curve is equal to the value of the
dx

shear force.

9. The shear force will be zero at the points where the bending moment ig
maximum.

Que 1.25. _ Explain in brief about the relation between loading,
shear force and bending moment.

Answer

1. Ifthereis a point load at a section on the beam, the shear force suddenly

ndmbm_mm:..m;nrmmeE.mcnannmwmﬂmuanEu.m::wm bending moment
remains the same.

If there is no load between two points, then the shear force does not
change (i.e., shear force line is horizontal). But the bending moment
changes linearly (i.e., bending moment line is an inclined straight line).
If there is a uniformly distributed load between two points, than the
shear force changes linearly (i.e., shear force line is an inclined straight

line). But the bending moment changes ac cording to the parabolic law.

(i.e., bending moment line will be a parabola).

If there is a uniformly varying load between two points then the shear

force changes according to the paraboliclaw (i.e., shear force line will be
2 parabola). But the bending moment changes according to the cubic
law.

Que 1.26. _ Determine the reactions at B and E of the beam, loaded
25 shown in Fig. 1.26.1 below.

40 kN

20 kN
10 kN/m h 10 kN/m k
LﬁmJ\/\IJ\./\ D”&m
B c
lg2m | 2m b ER F
[

s >l mlBIv._.u.van 2m
B

Fig. 1.26.1, R,

1-26 H (Sem-1 & 2)

Given : Fig. 1.26.1.
To Find : Reactions at B and £,

Introduction to Mechanics of Solid

1. Considering the equilibrium of the beam,
M.m_...u. =0
mw.fawu 10x2+40+10x 2+ 20
Rp+ R = 100 kN

...(1.26.1)
2. Now taking moment about B, we have

IMy=0
-10x2x H+a0xw+pcxwxmlmw.mxm.an_xmnO
Ry =53.33kN

3. Fromeq. (1.26.1), we get
Ry =100-R; =100-53.33
Ry = 46.67kN

Que 1.27. _ Calculate the support reactions in the given cantilever
beam as shown in Fig. 1.27.1.

40 kN/m 20 kN

m\\ﬂﬂ\ﬂ\ﬂﬁﬁ i H

ja \W B

.k 7 . T
Fig. 1.27.1.

Given ; Fig. 1.27.1.

To Find : Support reactions.
1. Considering the equilibrium of the beam,
IF, =0
R, - .w x3x40-20=0
R, =80kN
2.

Taking moment about point A, =M, =0
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EVIW xmxkoxw xmlmolwoxmno
M, =120+ 50 + 100

M, = 270 kN-m

60 kN

40 kN/m ol

Que 1.28, _ For the beam shown in Fig. 1.28.1, draw the shear force

Answer _

Given : Fig. 1.28.1.
To Find : SFD and BMD.

b 4 et

Fig. 1.28.2.
Considering, equilibrium of beam,

IF, = cuvw>+wwum+&xw+wupmwz
ii. Bending moment about point A,
IM, HoUmxH+AxwxﬁM\M+mu+wme

Ryx6=0
Ry=TkN andR, = 11 kN

2. Shear Force :

i. Portion AC: At point A, SF = 11 kN and it rem
left point C because there is no loading betwee
SF just on right side of ¢ = 11 — 8=3kN

ii. Portion CD: SF just lelt point of D 1s cone*
D=3kN

ains constant upto just
n this segment.

and SF at point

1-28 H (Sem-1 & 2) Introduction to Mechanics of Solid

iii. PortionDE : Consider any section at distance x from A

SF = Elmlon!wvx\u_nHHJmI¢R+mHmHF%H
SF just left side of £ at x =4m

SF=11-4dx = 11-4x4=—_5KkN
SF just Right side of E = — 5 kN
Shear force will be zero at x = 11/4=2.75m
iv. Hvou._.,mouhm."wwmﬁuogwwnlmlwurqrz
v. Portion FB:SF at point B =0
3. Bending Moment :
i. Portion AC:BM at point A =0

BMat point C=11x1= 11 kN-m

ii. m.cﬂnmcﬂﬁbuwgmnvogabu:xwlm.xHHE_WZ-B

Portion DE : Consider any section at distance x from the end point A.

{x—23
FHHK:QT:LGLV; )
gnHmH+mIMaHrNuw
At point D, x = 2, Mp=3x2+8=14kN-m
At point D', x = 2.75, M, =3x2.75+8-2(2.75 —2)?=15.125 kN-m
Pﬁﬁogﬁ.@.aup.wﬁmuHw+m|mnwmw.2..nu
iv. Portion EF:
BM at point F, x = 5, Ewﬂuuxmlmxplﬁnxw_xmnqwz-a
v. Portion FB:
BM at point B, EﬂwHwamlmxmlgxmwxwlmx 1=0

11kN

1
1 ]

I -5 kN
i mmwmu I TN
115.125 kN-m|

1 1

1 ]

| I

| ]

| I

1 1

1 = =,
_ 11kN-m 4kN-m 12 kN-m
I

]

]

]

]

-TkN

I
I
I
I
I
I
I
|
1
I

I
D' El F
BMD !

Fig. 1.28.3.
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Que 1.29. _ Draw the SFD and BMD diagrams for a cantilever loadeg

as shows in Fig. 1.29.1.

1 kN wwz,__n._/ 3kN 2kN  2kN

Given : Fig. 1.29.1.
To Find : SFD and BMD.
A Calculations of Shear force :
S,=-2kN
Sc= —2-2=—4kN

1. From C to D, SF will change uniformly from —4 kN to — 6 kN and total
value of SF at D m.m..wunlmlwulwrz

9 From D to E, SF will change uniformly from —9 kN to — 11 kN

3. Shear force just after point F, Sp=-11-1=— 12 kN
Sp=-12kN .

4. SFD is shown in Fig. 1.29.2(a)

17 kN-m

28 kN-m
{b) BMD

Fig. 1.20.2,

40 kN-m

1-30 H (Sem-1 & 2) Introduction to Mechanics of Solid

B. Calculations of Bending Moment :

M, =0, Ma=-2x 1=—2kN-m

E.uuiwﬁ... 1)-2x 1-2x1x1/2=-TkN-m

.anmuiw:lH+C|wx:.+blmxHlmxmx@_wnlquz-ﬁ

E.«.HIMS+H+H+Clmxﬁ+H+ClmS+CIMxmAw\m+:
=-8-6-6-8=—28kN-m

5. 5?5:::3751,{H+:1m:+p+:

_2x2A22+1+1)—1x1

= W P

= IHO.lmlwIHNIHHI&oE.B
6. BM diagramis shown in Fig. 1.29.1(b).

Que 1.30. Determine the support reactions for the cantilever beam
shown in Fig. 1.30.1 and sketch shear force and bending moment

diagrams.
500 N

D cy w%
A
T.uB.L_.QmB.V_Al 15m —>

Fig. 1.30.1.

Answer

Given : Fig. 1.30.1.
ToFind: i Supportreaction
fi. SFD and BMD.

A. Support Reactions and Moment :
Let, support reaction be R, =500+ 30x 15=950 N
B. PortionDC:

Shear Force :

Shear force at D=0
As no load is acting in portion DC so the shear force till point C=0

2, AtpomntCa downward force of 500 N is acting hence shear force of C
will change suddenly =— 500 N

o

In portion CB, shear force will be constant till point B.
Shear force at B = Shear force at C=— 500 N

ji. Bending Moment :

1. Bending moment at D=0

9. Bending moment till point C =0.
C. PortionCB:

i. Shear Force:

L

2.
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Bending Moment :

Bending moment at point C =0

Bending moment in portion CB is a straight line.

Bending moment at point B = — 500 x 5 = — 2500 N-m

Portion BA :

Shear Force :

In portion BA, shear force will be a straight line.

Shear force at B = - 500 N

Shear force at A = —500—-30 x 15 = — 950 N

Bending Moment :

Bending moment in portion BA will be a parabola due to UDL.

Bending moment at A = — 500 x 20 — (30 x 15) x 15/2 = — 13375 N-m
moc N

(S0 ol -l — I Il

30 N/m

Tm’E.Y_

-950 N

!~ 13375 N-m
Fig. 1.30.2.

1.31. _ Draw the SFD and BMD of the loaded beam as shown in
—u.m. 1.31.1.

16 kN 10 kN
20 kN/m 30 kN-m
£ B

WDwﬂqﬂJ\g ¥
\___.IIIME I_.-HB-_.HE.\_ 1m |

.Fig. 1.31.1.

Answer

Given : Fig. 1.31.1.
To Find : SFD and BMD.

1-32H (Sem-1 & 2)
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A
1.

IR I

NEAND O R DN EE

Support Reactions :
LF, =0,
R, —20x 2-16-10=0= R, =66 kN
+(IM, =0
M,—(2x20x1)-(16 x3)-30-(10x5)=0
M, = 168 kN-m
Shear Force :
Shear force at A = R, = 66 kN
Shear force in portion AC, F, = R, — 20x = 66 — 20x
At point C, Shear force, F, = 66 — 20 x 2 =26 kN
Shear force in portion CD, F, = 26 kN
Shear force at D, Fj, = 26— 16 = 10 kN
Shear force in portion DE and EB, F,; = 10 kN
Shear force at point B, Fy =10-10 =0 kN
Bending Moment :
Bending moment at A, M, = 168 kN-m
Bending Moment in portion AC,
M, =168-R, xx+20xx xx/2= 168 — 66x + 1022
BMat C, M, =168 —66 x 2 + 10 x 22 = 76 kN-m
BMat D, M, = 168 — (66 x 3) + (40 x 2) = 50 kN-m
BMat LHSof E, M = 168 — (66 x 4) + (40 x 3) + 16 x 1 = 40 kN-m
BM at RHS of E, M; =168 — (66 x 4) + (40 x 3) + (16 x 1) - 30 = 10 kN-m
BMat B, M; =168 — (66 x 5) + (40 x 4) + (16 x 2) — 30 = 0 kN-m

20 kN/m 16 kN 30 |n/m 10 KN

M Y v
»p» 2m i 1lm BW-Eh

L

he
-3

E

SFD

10 kN

168 kN-m

BMD

Fig. 1.31.2.

OO0
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[PART-1]

. ; nd Working of Twe
ine : i« Components, Construction @ .
e .M%M-Mm nﬂ&ﬂ.ut__. Stroke SI and CI Engine.

CONCEPT

JUTLINE

i i kes place
i i h the combustion ta
i . The engines in which S -
.—O .Mu“.-ﬂ“.wwﬁmmsm or within the cylinder are known. as 1n
insi
combustion mungmm. |
Types of IC Engine:
1. Spark Ignition (SD) onmm.ﬁ . __

Y ion Ignition engine. ) )
Wam“nmﬂﬂﬂmhw m...—wm.w.um : The engines in which nMn—w of o...vmnmw__MM“
completes in two stroke of piston or one revolution of cranks

known as two stroke engines. ) . .

M_Hnwﬂu. Stroke Engine : The engines in which nu.:mm of operation
completes in four stroke of piston or two revolution of crankshaft
are known &s four stroke engines.

—

Questions-Answers _

Long Answer Type and Medium Answer Type Questions ﬂ

Que 2.1. — Classify the internal combustion engine.

Internal combustion engine can be classified as follows :
i. According to Basic Engine Design :

1. Reciprocating engine, and

2. Rotary engine.

According to Working Cycle :
Otto cycle engine, and

Diesel cycle engine.

According to Number of Stroke :
Four stroke engine, and

Two stroke engine.

According to Fuel Employed :
Gasoline or petrol engine,
Diesel engine,



3.

4 CNG engine,

V. Ac

. Qﬁa”ﬁ-.wmﬂm ”o Fuel Supply anq Mixture Preparation :
: e ype : Fuel is supplied thy, .

= ; ough carburetor

z WE mnn_o_.__ type : Fuel injecteq into inlet port op inlet manifo]q

* According to Method of Ignition :

1 Battery mmu.&on. and

2, Magneto ignition,

Vii. gncﬂ&nm to Method of Cooling ;

1. Water cooled engine, and

2. Air cooled engine,

viii. ?unou.&nn to Cylinder Arrangement -

1. Inline engine, .

2. V. engine, and

3.  Radial engine

i

iv,

Basice terminologies used in internal co

mbustion engine are ag follows :
Cylinder Bore: It is the nominal inner diameter of the working cylinder,
It is represented by D or d.
Piston Area: It is the area of a circle of diameter equal to the cylinder
bore.

Stroke : It is the
between two succ
represented by L,

Bottom Dead Centre (BDC) : It is the dead centr
nearest to the crankshaft or lowest
crank end side of cylinder.

Top Dead Centre (TDC) : It is the dead
farthest from the crankshaft
cover end side of cylinder,

distance through which a working piston moves
essive reversals of its direction of motion. It is

e when the piston is
position of the piston towards the

centre when the piston is
or top most position of the piston towards

Displacement Volume or Piston Swept Volume : This is the volume

swept by the piston moving from one dead centre to other. It is calculated
as the product of piston area and stroke.

v, = Piston area (A) x Stroke (L)
Clearance Volume : The volume contained in the cylinder above the

top of the piston when the piston is at top dead centre is called clearance
volume.

2-4 H (Sem-1 & 2) Introduction to IC Engines & RAC

sxw

viii. Cylinder Volume : The sum of swept volume and clearance volume is
known as cylinder volume,
v=u,+u,
ix. Compression Ratio : This iz de’ined as the ratio of the ﬁ:cﬂm _“” the
beginning of compression to the volume at the end of compression.
U+, v,
r= -5 = =1+ g

© €

q Cylinder head

Suction valve Exhaust valve
Intake or suction X\
manifold
—
Top dead centre
1
1

Exhaust manifold
—_—

|||||| [+ Clearance volume, v, a
(TDC)
. L ; Cylinder
Piston Stroke volume, v, volume, v
Gudgeon or _
wrist pin & P
Bottom dead

centre, (BDC) Cylinder

Connecting rod

Crankcase Crank pin

Crankshaft Crank

Fig. 2.2.1. Parts and terminology of IC engine.

Que 2.3, _ List out the main parts of internal combustion engine
and explain with neat sketches any two important parts.

P

A, Main Parts of Internal Combustion Engine :
1. Cylinder head
2. Manifolds,

]



Sump or oil span, o e
Gasket,

Cylinder,

Pistons,

Piston rings,

Connecting rod,

Piston pins,

Crankshaft,

Mufflers,

Valves and valve actuating mechanigm and

Cylinder block and crank case.

Piston :

A piston is cylindrical i

noa_uﬂmnmonn%u - r“uw._ in shape and forms the movable portion of the

The gas pressure acts on the head of the

piston which is also called
crown.

The force due to this pressure is transmitted to the connecting rod via
the piston.

The connecting rod helps to change the reciprocating motion of piston
into a revolving motion at the crank shaft.

Following are the functions of piston :

i To transmit the force of explosion to the crank shaft.

ii.  To form a seal, so that the high pressure gases in the combustion
chamber do not escape into the crank case.

iii. It serves as a heat transfer medium to the cylinder walls.
iv. It acts as a guide to the small end of the connecting rod.

Head of piston or crown

Lands

Supporting
web

Piston pin
boss

56 H (Sem-1 & 2) _ Introduction to IC Engines & RAC

C. Piston Ring :
1. The construction of piston ring and nomenclature
" shown in (Fig. 2.3.2).

9. Theringis generally casted individually and machined caref ully so that
" it is able to exert uniform pressure against the cylinder walls.

of its various parts is

Ring diameter —
- Radial thickness .

Top face
(side) i Ends

3. Following are the functions of piston ring :

i. To form a seal for the high pressure gases from the combustion
chamber against leak into the crank case.

ii. To provide easy passage for heat flow from the piston crown to the
cylinder walls.

To maintain sufficient lubricating oil on cylinder walls throughout
the entire length of the piston travel.

Que 24. | Explain the working of two stroke engine with a suitable

In two stroke engine, working is completed in two stroke of the piston

or in one revolution of the crank.
In a two stroke engine, suction is achieved by air compressed in crankcase
or blower. The induction of compressed air in the cylinder noBoemm.Em
product of combustion. Thus no separate piston motions are required
for suction and exhaust. )
The air or charge is suck through the spring ﬁmﬂmn inlet valve during
the upward motion of piston in compression stroke. .
gmnwnoﬂeucmmwob. mm.w,s_.au and expansion takes place in Mmmm_.m_ .
During expansion stroke, the air in the crankcase is compressec.




Inlet valve
Crank case

Fig. 2.4.1. Two stroke engine.
Explain with suitable sketch

» the working of four stroke
spark ignition engine.

Answer

ioﬁanmom?ﬁmﬁgrm spark ignition engine is as follows :
Suction Stroke :

Suction stroke (Fig. 2.5.1) starts when

position and about to move toward bottom dead centre.

During this stroke, inlet valve is open and outlet valve is closed.
Due to the suction created by

downward motion of the piston, charge
consists of mixture of air and

fuel drawn into the cylinder.

At the end of suction stroke, both the inlet and outlet valves are closed.
Compression Stroke :

The fresh charge taken into the cy

linder during the suction stroke is
compressed during the return stroke of the piston.

In this stroke, both the inlet and outlet valves remain closed.

Just before the end of the com

uﬂmmwwoumﬁ.arﬂmwEgﬁmomgmbn—?m_mm
ignited with the help of spark plug.

Burning takes place when the piston is almost at top dead centre.

During the burning process, chemical energy of the charge is naﬂﬁlmm
into sensible energy and producing a temperature rise of about 2000 °C
and pressure is also increased.

Expansion or Working Stroke ;

Due to high pressure

» burnt gases forces the piston towards the bottom
dead centre so powe

r is obtained during this stroke.

Piston moving from bottom dead centre to top
i sto

the piston is at top dead centre .

T Introduction to IC Engines & RAC
9.8 H (Sem-

h pressure and temperature decreases during this stroke.
" umaﬂw“ stroke, both the valves remain closed.
3. Im
. ust stroke : .
v Hum”.w stroke, inlet valve is closed and outlet valve is open.
1. Inths ’

dead centre and burnt
gases sweeps out from the cylinder.

3. This stroke is shown in Fig. 2.5.1.

Spark plug
(SP) SP

Air fuel » = '} {r
mixture ﬂ_‘ EV
]

Inlet valvé
av) v/ L

Exhaust

valve : Engine :
(EV) scylinder :
. -Connecting :
- .
=, T0d (CR),.-4-.
Crank i —— -~ S \
) Suction Compression
stroke stroke stroke stroke
Fig. 2.5.1.

Four stroke spark ignition engine.

Que 2.6, _ Explain the working of a four stroke compression
ignition (CI) engine with the suitable sketch.

Answer

The working operation for the four stroke CI engine is as follows :
Suction Stroke :

Only air is inducted during the suction stroke.

U:stwﬂzmwnaormwamﬁ4&<mmm open while outlet valve is closed.
ii. Ooﬂ-ﬂummmmoﬁ Stroke :

~.w3~;~5 valves are closed during compression stroke.
2. Air drawn during the suction stroke is compressed to high temperature
and pressure.

Expansion or Working Stroke :

During the beginning of this stroke, fuel is injected.

2. The rate of injection is such that the combustion maintains the pressure
Constant,

After the injection of fuel, the products of combustion expand.
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-

1
2.

iv. Exhaust Stroke :

In this stroke, the exhaust valve i
Burnt gases escape from the cyli
Fuel injector (FT)

Suction
stroke

2-9 H (Sem-1 & 9)

Both the valves are closed during this stroke.,

s open and inlet valve remains closed,
nder by upward motion of the piston,

stroke
Fig. 2.6.1. Four stroke compression ignitio

stroke
n engine,

Que2.7. | Compare the SI and CI engine.

Description S1 engine CI engine
i1 Basic cycle Otto cycle Diesel cycle
| 2. Fuel used Gasoline (petrol) Diesel
3. Ignition Spark plug is used. Self ignition due to high
pressure and temperature
caused of compression of
air.
4. Compression| 6to 10 14 to 22
ratio
5. Weight Lighter Heavier
6. Speed High speed Low speed
T Efficiency Lower efficiency. Higher efficiency.

#8. | Differentiate between four stroke and two stroke

0H (Sem-1 & 2) Introduction to IC Engines & RAC
2-1 -

Four Stroke Engine Two Stroke Engine W\_
i i e
1 Cycle is completed in four Cycle _m.ncBEmomm ﬁmﬂﬂﬂnﬂﬂw ot
. stroke of piston or two |of the piston or oner
revolution of the crankshaft. |crankshaft. n
i iform turning momen
i moment is not so | More un T .
: MHMM“MM and hence heavier |and hence lighter flywheel is
flywheel is needed. needed. _
stroke in | Due to one power stroke in one
* nU%M HWMHMMMHM_.? power | revolution, Uodq..w._.. Mﬂcbsnm& for
produced for same size of | same size of engine is more.
engine is small.
4. Due to one power stroke in

Due to one power stroke in one
revolution, greater cooling and
lubrication required.

two revolutions, lesser cooling
is required.

o

J It contains valves. _ It contains ports.

| 6.

_ Greater volumetric efficiency. _ Less volumetric efficiency.

| 7

# Higher thermal efficiency. T..adqmu. thermal efficiency.

PART-2

Merits and Demerits, Scavenging Process, I niroduction to Electric,

and Hybrid Electric Vehicles.

CONCEPT OUTLINE

Scavenging Process : In a two stroke engine because of non-
availability of an exhaust stroke

its combustion chamberis left

om clearing the cylinder after the expansion stroke is called scavenging
process.

at the end of an expansion stroke,
full of combustion products. The process

Questions-Answers

Long Answer Type and Medium Answer Type Questions
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Que 29. | Write down the merits and demerits of internal
combustion engine.

Merits of Internal Combustion Engine :

Size of engine is very less compared to external combustion engines.
Power to weight ratio is high.

Very suitable for small power requirement applications.

Starting time is very less.

High efficiency than external combustion engine.

No chances of leakage of working fluids and requires less maintenance.
. Demerits of Internal Combustion Engine :

Variety of fuels that can be used is limited to very fine quality gaseous
and liquid fuel.

2. Fuel used is costly like petrol or diesel.

3. Engine emissions are generally high compared to external combustion
engine.

A
1.
2.
3.

4.
5.
6.
B
1

4. Not suitable for large scale power generation.

5. In case of reciprocating internal combustion noise is generated due to
detonation of fuel.

ﬁwﬂbn.u,c. What do you understand by hybrid electr ic vehicle
(HEV) ? What are the components of HEV ? Also state its advantages.

[

A Hybrid Electric Vehicle :
1. The hybrid electric vehicle (HEV) is progressive step in reducing the

environmental impacts of automobile use without losing comfort,
performance, storage room and extended driving range.

2. Hybrid electric vehicle is an intelligent combination of benefits of internal
combustion engine with electric motor.

B. Components of HEV :
Battery :
The battery in an HEV system is the energy storage device.

SIS

It consists of two or more electrochemical energy cells connected together
to provide electrical energy.

ii. Generator:
1. The generator is similar to an electric motor.
2

It converts rotary mechanical energy into electrical power.

Introduction to IC Engines & RAC
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iii. Electric Motor :

1. The electric motor provides mechanical rotary energy to the shaft as per
the electrical input provided.

9. Advanced electronics allow it to act as a motor as well as a generator.

C. Advantages of HEV : . ‘
1. The HEV system contains parts of both internal combustion engine and
electric vehicles in an attempt to get the best of both worlds.

9 Tt is able to operate nearly twice as efficiently as traditional internal

combustion vehicles. , .
3. It hasequivalent power, range, cost and mm..mmw.w of a conventional vehicle
while reducing fuel costs and harmful emissions.

Que 2.11. | Write short note on electric vehicles.

1. An electric vehicle (EWV), also called electrics is a vehicle that uses one or
more electric motors or traction motors for propulsion.

2. An electric vehicle may be powered through a collector system by
electricity from off-vehicle sources, or may be self-contained with a
battery, solar panels, fuel cells or an electric generator to convert fuel to
electricity.

3. It is one that operates on an electric motor, instead of an internal
combustion engine that generates power by burning a mix of fuel and
gases.

4. Therefore, such as vehicle is seen as a possible replacement for current-
generation automobile, in order to address the issue of rising pollution,
global warming, depleting natural resources, etc.

5. Though the concept of electric vehicles has been around for a long time,
it has drawn a considerable amount of interest in the past decade amid
a rising carbon footprint and other environmental impacts of fuel-based
vehicles.

(PART-3 |

Refrigeration : Its Meaning and Application, Unit of Refrigeration,
Coefficient of Performance.

Questions-Answers —

Long Answer Type and Medium Answer Type Gu@hﬁﬂﬁ”\_
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Que 2.12, | What do you mean by refrigeration ? Also writ,
applications of refrigeration. y

A. Refrigeration :

Refrigeration means the cooling or removal of heat from a system.
2.

It is the science of the producing and maintaining temperatures below

that of the surrounding atmosphere i
phere i.e., removal of heat fr
under controlled conditions. , R

Applications of Refrigeration :
Making of ice.

It is used in transportation of food at a required temperature.
It is used in industrial and comfort air conditioning.

It is used in processing food products and beverages.

It is used in manufacturing and treatment of metals.

;s o=

Que 2.13. | Define the following terms :

i. Refrigerating effect,

ii. Unit of refrigeration, and

iii. Coefficient of performance (COP).
Answer

i. Refrigerating Effect : It is defined as the amount of cooling produced

by a system. This cooling is obtained at an expense of some energy.

ii. Unit of Refrigeration :

refrigeration or TR.

A tonne of refrigeration is defined as the amount of refrigeration

effect produced by the uniform melting of one tonne of ice at 0 °Cin
24 hours.

In actual practice, one tonne of refrigeration is taken as equivalent to
210 kJ / min or 3.5 kW (i.e., 3.5 kd / s).
iii. Coefficient of Performance (COP):
The ratio of heat extracted (Q) in the refrigerator to the work done (W)

on the refrigerant is known as coefficient of performance.
2. Mathematically,

(COP),, = QW

The practical unit of refrigeration is expressed in terms of tonne of

2-14 H (Sem-1 & 2) Introduction to IC Engines & RAC

Methods of Refrigeration, Construction and Working of Domestic
Refrigerator.

A\ Questions-Answers J

’ Long Answer Type and Medium Answer Type ﬂﬂmmn.-oﬂmlL

Que 2.14.| What are the different methods of producing
refrigeration ?
Answer _
Different methods of producing refrigeration are as follows :
i. IceRefrigeration:
_In this method the ordinary ice is used for keeping the space at
temperature below the surrounding temperature.
The temperature of ice is considered to be 0 °C hence it can be used to
maintain the temperatures of about 5 to 10 °C. To use the ice for
refrigerating effect a closed and insulated chamber is required.
On one side of the chamber ice is kept while on the other side thereisa
space which is to be cooled where some material to be cooled can be
placed.

If the temperature below 0 °C is required, then the mixture of ice and

salt is used. This method of cooling is still being used for cooling the cold
drinks, keeping the water chilled in thermos, etc.

ii. Steam-Jet Refrigeration :

This system is one of the methods employed by chemical agent machines

for achieving mechanical refrigeration. Evidently water is used here as
refrigerant.

Steam-Jet system is primarily used in installations where chilled water
is required or the systems like cold storage where the temperatures
required are more than 5 °C as water starts changing its volume at 4 °C
and starts freezing at 0 °C. The principle of flash cooling is employed in
achieving the objective.

iii. Thermo-Electric Refrigeration :

Thermoelectric effects refer to phenomenon involving the interchange
of heat and electrical energy.

One familiar example is the heating effect due to the flow of an electric
current in a resistor.
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Aermoeleetrie of : 10N i3 irrevapc:
iv, Vapous Com .ﬂon_nm are reversip)e. ersible, althougp som B. Working of Domestic Refrigerator :
L v, our o Pression -wa?.mhanﬁnmcﬂ S % 1. The heat of the items, to be cooled is carried to _&m evaporator coils by
::M. b ‘Ompression ﬂmm..-mmu.mﬂo ot means of air trapped in the cabinet. The working fluid, known as a
. ng all ref; rigeration aval Nsystems are the most ¢q refrigerant, used in refrigerator readily evaporates and condenses or
2. As the Name implje Ah Tmonly Useq changes alternately between the vapour and liquid phases without
cycles, wherein n_..mm. nrmmm Systems belong to the - leaving the refrigerator. . .
at least &ﬁnmﬂm b Working fluig Aﬂmﬁimmﬂﬂbnv ..EW d eral class of vapoy, 2. The refrigerant keeps circulating from evaporator coil to condenser till
3. Ina vapour FERRRR. €rgoes phase chang, compressor motor is connected to the supply.
~Ompression refri i . ion, it absorbs heat from items placed in the refrigerator
as the n.mwﬂmmn.mﬁ-cz . . . 3. During evaporation, it absor eal e :
B e refrigerant €vVaporates gt low SMMMMMW refrigeration is obtaineq and in condensing or cooling it rejects heat outside mueu refrigerator.
u.: M H—M-ﬂ.:ﬁ to the System is in the fo £ E.Ww. _ 4. The heat absorbed from items placed in the n.ma!.mmnmg...nd.ﬂ._ﬁm
.ﬁ e no.-.:.vwmmmo-.‘ Hence hace mu.nn” Ol mechanijcg] CNergy required tq | evaporation is used as its latent heat for converting it m.n..E liquid to
wm?_mmﬂmﬂcs systems, ystems are a)gq called as mechanica] _ vapor. Thus a cooling effect is created in the working fluid. And this
5. <W—uo=u. compression r fri . | decreases the temperature inside the refrigerator.
all applications elrigeration systems are available to suit almogg mﬁumnm‘wob valve
v. V. i § _ PSS SIS SIS,
X <wvo..=. Absorption Refrigeration Systems - B .
. i i : ) | T erature
apour ?mcﬁvmuon Refrigeration Systems (VARS) belong to th, . Mmuu FS.W \\1 Tt
vapour cycles similar to vapour compression re Emmnmsmum _M class of gu ZB®
i ystems. Evaporator coil e Deep freeze
2, ﬁmcéma.mn. unlike vapour compression refrigeration systems. the required por \\\\ F— P
Input to absorption systems is in the form of heat. Hence ﬁw.mmm systems \\\ ......
are also called as heat operated or thermal energy driven systems, m
3. m::u.m conventional absorption systems use liquids for absorption of m
refrigerant, these are also sometimes called as wet absorption systems, m\rq. IS LIIILSS A
4, mﬁn&ﬁ, to vapour compression refrigeration systems, vapour absorption  Condenser
refrigeration systems have also been commercialized and are widely . aal
used in various refrigeration and air conditioning applications. Motor —
Vibration —| Compressor
Que 2.15. _ Explain the construction and working of domestic damper ——
. . ig. 2.15.1. Domestic refrigerator.
refrigerator with neat sketch. Fig
g w 5. When a predetermined value of the temperature is achieved inside the
Answer _ refrigerator, thermostat switch operates and disconnects the compressor
- ic R . . motor from the electric supply. Further circulation of refrigerant and its
A. Construction of Domestic Refrigerator : . i cooling effect stops.
1. The common type of domestic refrigerator has a cabinet shaped with 6. After some time, when the temperature increases and reaches u ptoa
compressor, the condenser and receiver fitted in their basement. predetermined value, thermostat operates again and connects the
. The e L alve: i ’e ils xposed in the storagé compressor motor to the supply. And the cooling process starts again.
2. _._.:.. e v:.,.-?_c: /...:.ﬁ.. ..:.mc— o Lﬁc,ﬂm.vcw nm_—, mHm. i : 0 This cyele is repeated continuously to maintain the temperature in a
al th the :’s, carrying liquid refrigerant passing thr P
Eabinel With the puiinge, caying lig . predetermined temperature range.
the body. _ ) ) fheat transfer 7. 1In this way, the refrigerant is circulated through the coils of the
The system works on closed eyclic operation with the help ofhea refrigerator to maintain the temperature in the required temperature
media called refrigerant.

range.
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Heat Pump

i | versed b=  -ngine. It receives heat fr low
ump is a re , om a
_ PART-5 . A vmmﬂ.%nunm reservoir (source) and rejects it to a high temperature

5 e
Concept of Heat Pump, Formula Based N umerical Problems on ”..Mnm-%aoﬁ (sink).
Cooling Load. .. yransfer of heat from a low temperature body to a high temperature
2. .H_Em.m egsentially a non-spontaneous process. And that calls for the help
owwh external work which i3 supplied to the heat pump (Fig. 2.17.1).
0 t pump extracts @, amount of heat from the low temperature
A rmmﬂﬁnm and delivers @, amount of heat to the high temperature (T)
S..MW by consuming W amount of external work.
M w, the firstlaw of efficiency of a heat pump cycle is ugually called the
oW,
“ coefficient of performance. o
esired effect upon the external work supplied for obtaining

5 Itis the d
J that desired effect,

_ Questions-Answers

4 Long Answer Type and Medium Answer Type Questions

Que 2.16. | What do you mean by heat reservoir ?

1. Aheat reservoir is a body with a very large heat capacity to which, and e Desired effect
from which, heat can be transferred without any change in itg COP = Work input
temperature.

2. Such a body at high temperature is referred to as a high temperature High temperature sink _ T,>T,
reservoir. (T | :

3. Ifheat is transferred from it, then it is considered as a heat source. Q

4. Abody atlow temperature is referred to as a low temperature reservoir, 3

5. Ifheat is transferred to it, then it is considered as a heat sink. W é

6. By definition, a heat reservoir is a closed system with no work
interaction. 2

7. Theenvironment constitutes the largest heat reservoir operating without Low temperature moﬁnm\ﬁ
any change in temperature usually employed as a heat sink, and %

sometimes as a heat source.

B heat pump.
. . . i : ig. 2.17.1. A schematic diagram of a
8. The mediums in the environment which are used as such are generally i s

. t @, to the hot
the following : 6. Now, the desired effect for a heat pump is to supply heat @,
L Atmosphere air, body. Therefore,
ii.  Ocean, river or well water, and Q@
’ COPyp= —
iii. Ground. P W 0.-W
9. The characteristic which remains constant for a heat reservoir is its i@ COPyp = Q (: @-9Q
temperature. Hence, a heat reservoir is characterised by its temperature. Q-
|Il_ 3 ii. Refrigerator:
Que 2.17. | Write short note on the ﬁoﬁﬂﬂmbﬂ : 1.  Arefrigeratoris similar to a heat pump-
L Heat pump. heat en, ine.
ii i 2. eversed heat engin!
ii. Refrigerator. % ovm-.ww.mm . ¢ heat as much as possible from the cold body/space
3. Its dutyis to extrac ture body/surroundings-

and deliver the same to high tempera
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4. The a@m:..mn effect ofa refrigerator, under a steady state, is to pump out e Carnot refrigeration cycle absorbs heat at 279 Kand
QMM rm_“_._m_b the same rate as ig infiltrating into the system (@) and in Que 249 [ A H

order to do so, the refrigerato i iti takes up Wamount .+ at 300 B . ; .

of external work (Fig. mﬂ.ﬂ%wv.ﬁ oran s conditioner ' %Ha.ma“_ﬂuﬂnna the coefficient of performance of this refrigeration
: i 4 7
High temperature sink a‘.w_—uun cycle is absorbing :Wa..»w.u...ﬂnu at 270 K, how many kdJ of
Ty & Mo-.w js required per secon

Refrigerator o T, = 270K, T, = 300K, Q, = 1130 kJ/min

Given : !
Coefficient of performance of Carnot refrigeration cycle.
1. o€
Low temperature source T 270
T _ (COP = 7 |_u,_ “300-270 -
Fig. 2.17.2. A schematic diagram of a refrigerator. ped at 270K,
bsor
5. The desired effect of a refrigerator is to remove @, heat infiltrating into i Hesd 1130
the cold space. . Q, = 1130 kJ/min = o - 1BEskdis
6. By using the external work, it rejects @, heat to the high temperature

reservoir (surroundings). Therefore,

@,
3, We know that (COP)g = ﬂﬁ
Desired effect @, : a
0OB, v itied: G
o 55 18.83
e, z
_ o %-@ (@ =Q=W) Wy = 2.1kJ/s

Que 2.18. | A machine working on a Carnot cycle operates between

Que 2:20. | A cold storage is to be maintained at- 5 °C ﬁr._.“.u the
o i undings

305 K and 360 K. Determine the COP when it is operated as : surroundings are at 35 °C. .—“_5 heat _amruwu%__nﬂaeﬂummuuﬁg ndings

i  Arefrigerating machine; into the cold storage is estimated 3 be .mmn_ u_»ban.._&n s

e the refrigeration plant is oua.ﬁrma of an i praidlyaerio

. between the same temperatures. Find the power req

the plant.

Answer

Given : T, = 260 K, T,=305K
To Find : L COP of a refrigerating machine, and

f ok = 20 kW

i Oohuommrmmn_u..ﬁ_ﬁ.. ﬁmﬂﬂbuu‘wﬂlmeOHw@wmﬁﬂuuwm C=308K @,
igerati i = /3(COP),

1. COPofa refrigerating machine, %O%%h.%..%ﬂoﬁ m-_m -,monhmm to drive the plant. .
T, 260 : ¢ performance of a1 ideal refrigeration
(COP)r = 7,~T, 305 iy 1. We know that the coefficient of perfo
2= 4 - 260 ﬂ,—mbn il m.f___mﬂ. as
2. COP of a heat pump, . 28 -
(coP),,,.= |LI|1 ~ 308 - 268
ide T T
(COP), = — Tz __ 805 T,
" T,-T, " 305260 ~578 2. Actual coefficient of performance,
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1 1
Soﬂi.;_ - waojsg_ 5 x 6.7=2.233
3. We also know that,
AOﬁuHU-_.:....-._ ™ lmu|
E:.
Wwe_ @ 2 _1o087kW
R (CoP) 2.233

netual

PART-6

Air Conditioning : Its Meaning and Application, Humidity, Dry
Bulb, Wet Bulb and Dew Point Temperatures.

| ) Questions-Answers : *

_ Long Answer Type and Medium Answer Type Questions

Que 2.21. _ What do you understand by air conditioning ? Describe
three major ways of classifying air conditioning systems.

Answer _
A Air Conditioning :

1. It is that branch of engineering science which deals with the study of
conditioning of air i.e., supplying and maintaining desirable internal
atmospheric condition for human comfort, irrespective of external
conditions.

2 It is an assembly of different parts of the system used to produce a
specified condition of air within a required space of building.

B. Classification of Air Conditioning :

Air conditioning

f U ]
According to According to season According to arrangement
purpose of the year of component
; y Unitary

T Comfort Winter air conditioning air conditining
air conditioning system

| system system
Industria) Summer air conditioning Central
air conditioning system air conditioning
system Year round air conditioning system

system
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What are the main equipments used ip ap 4
r
i

system ?

conditi®” i

b!.ﬁgm pasic components of air conditioning syster are as follows -
: tion Fan : Tt is used to move air to and from the room.
circul®

i no._ua—n».ounun Unit : It is a unit which consists of _.aa,sm i
E%_&@Em processes for summer air eonditioning or heating and
deh : &mnmion processes for winter air eonditi inning.

1

b mu‘.uu..uan - It directs the conditioned air from the cirealating fan to
mngw ce to be air conditioned at proper paint.

5]

the 1@. Qutlets : These are grills which distribute the conditioned air

iv. Mﬂﬂ_w in the room.
gurn Outlets: : These are the openings in a room surface

w.am room air to enter the return duct.

. pilters:Itis used for removing the dust, dirt and sther harmful bactena.
Vi

Que 2.23.

Taewer |

Applications of air conditioning in industry are as follows .
. To provide comforts to the workers.

. To provide necessary low temperature conditions requirzd for the
: manufacture of certain products in industries such as textile, printing

and refineries. N
151 I 5 1Ly
3. Toprovide a clean room for Lhe precision work, laboratornes and quality

control rooms.
4. To preserve food during storage and transportation.
5. For drying of products.

i

ich allow

What are the applications of air conditioning in industry ?

C ] de: cribe
Que 2.24, | What do you mean by psychrometry - Briefly de®

the terms related with psychrometry:

Answer science which deals

A. Psychrometry : It is that E.mbnwﬂo_ Mﬂﬁhwhu:m%w < ater VapOUT OF
1 v
with the study of moist air :-€

humidity.
B. Psychrometric Term :
i. DryAir:

f
1.  The dry air is a mixture of a number 0
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carbon dioxide, hydrogen, argon, etc.

2. The molecular mass of dry air is taken as 28.966 and the gas constant
(R,;,) is 0.287 kd/kg-K

ii. Moist Air:

L Itis a mixture of dry air and water vapour.

2. Theamount of water vapour present in the air depends upon the absolute
pressure and temperature of the mixture.

iii, Saturated Air: It is a mixture of dry air and water vapour, when the
air has diffused the maximum amount of water vapour into it.

iv. Degree of Saturation : It is the ratio of actual mass of water vapour in
a unit mass of dry air to the mass of water vapour in the same mass of
dry air when it is saturated at the same temperature.

v. Humidity or Specific Humidity : It is the mass of water vapour
present in 1 kg of dry air and is generally expressed in terms of grams of
water per kg of dry air.

vi. Absolute Humidity : It is the mass of water vapour present in 1 m® of
dry air and is generally expressed in terms of gram per cubic meter of

dry air.

vii. Relative Humidity : It is the ratio of actual mass of water vapour ina
given volume of moist air to the mass of water vapour in the same
volume of saturated air at the same temperature and pressure.

viii, Dry Bulb Temperature (DBT) :

1. Itisthe temperature of air recorded by an ordinary thermometer, when
it is not affected by the moisture present in the air.

2. Itis generally denoted by T, or Ty,.
ix. Wet Bulb Temperature (WBT) :
1. Itisthe temperature of air recorded by a thermometer, when its bulb is
surrounded by a wet cloth exposed to the air.
2. Itisgenerally denoted by T or 7.
x. Wet Bulb Depression :
1. It is the difference between dry bulb and wet bulb temperature at any
pointie., (Ty ~T,,)
2. Itindicates relative humidity of the air.
xi. Dew Point Temperature (DPT) : It is the temperature of air recorded

by a thermometer, when the moisture (water vapour) present in it
begins to condense.

xii. Dew Point Depression : It is the difference between the dry bulb and
dew point temperature i.e., A%& - H%v.

xiii. Sensible Heat : It is the heat that changes the temperature of a
substance when added or removed from it.

pEem1 8D o o CErgine g g
“\\\\

PART-7

Conditions, Construction and Working of W;
comfort bm_.no:ag%... 6 of Wondou:

CONCEPT OUTLINE

o Comloe st conion o i, s
. ion wit e nt. !
satisfactio

)\\\\\ Questions-Answers

%Emzéﬁggﬁﬁﬁ w

Dﬂ.&.ﬁ.um. Discussin brief about thermal analysis of human body.

" The human body works best at a certain temperature but it cannot
tolerate wide range of variations in their environmental temperatures.
2. The human body maintains its thermal 3&_&51594 @E&oms..ﬁ
. by means of three modes of heat transfer i.e., evaporation, radiation

and convection. I
Is comfortable when the heat produced by me m
B, G : um of the heat dissipated to the

of human body is equal to the sum ed

surroundings and the heat stored in human body by raising the

temperature of body tissues. . .
4 The human body feels comfortable when there is no nrwnmhh E.MMHMW

temperature, i.e., when the heat msamsﬁagﬁmﬁ nﬂoww%ﬂihpws:

in the body temperature acts as a stress to the bramn

results in either perspiration or shivering.

g . What
‘Que 2.26, | Explain the factors which affect bume? ..s___“ﬁ
s the use of comfort chart for comfort air conditioning

L.P Factors Affecting Human Comfort fective temperature

i.  Effective Temperature:The numerical qazmo?. which produces
duced under the gven

is made equal to the temperature %
the same sensation of warmth 0T coolness asP

conditions.
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iv.

Moisture Content of Aj i

L : r: The moist
winter is generally low and e
because the capacity of the
dry bulb temperature.

Quality .Owau. : The air in an occu
from toxic, unhealthful or disagr
always be free from dust and odo

<. t of outside air durin
it is above the average during mEHBmm
ar to carry moisture is dependent upon its

pied space at all times should be free

eeable fumes such as CO,,. It should

ur.

.‘WMH goﬂoﬂ : The air m.bc._..mos which includes the distribution of air is
Ty important to maintain uniform temperature in the conditioned

space. No air conditioning system is satisfactory unl i
is properly circulated and distributed. yunless the air handled

- Cold or Hot Surfaces : The cold or hot objects in a conditioned space

may cause discomfort to the occupants. A single glass of large area
when exposed to the outdoor air during winter will produce discomfort
to the occupant of a room by absorbing heat from them by radiation.

. Air Stratification : It order to achieve comfortable conditions in the

occupied space, the air conditioning system must be designed to reduce
the air stratification to a minimum.

Use of Comfort Chart for Comfort Air Conditioning : The comfort
chart gives the following information :

The most desirable relative humidity lies between 30-70 %. If the relative
humidity is below 30 %, the skin surface becomes too dry and if the
relative humidity is above 70 %, there is a tendency for a clammy or
sticky sensation to develop.

During summer, the chart indicates that a maximum of 98 % people felt
comfortable for an effective temperature of 21.6 °C and during winter,
the chart indicates that an effective temperature of 20 °C was desired by
97.7 % people.

All the men and women above 40 years of age prefer 0.5 °C higher
effective temperature than the person below 40 years of age.

The comfort conditions for persons at work vary with the rate of work
and the amount of clothing worn.

%
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\\\\\ﬂul\— Umnnmnmﬂnmms between the comfort and industrial air
227
ue

Industrial Air Conditioning

In this, Suo. dry —uﬁ.:u
temperature of air and relative
humidity is pbrought to the
required condition for human
health, efficiency and comfort.

In this, the dry bulb temperature
and relative humidity is kept
constant for proper functioning
of machines and electronic
items.

—

Ithas a sensible heat ratio of
0.60 to 0.20.

It has been designed with a |
sensible heat ratio of 0.85 to 1.0.

1t requires 15 watts per square
foot.

It requires 75 watts per square
foot.

It supplies 350to 400 cubic feet
per minute per cooling ton.

It supplies 500 to 900 cubic feet
per minute per cooling ton. [

It has no humidity control.

The optimal relative humidity
range is 45-50 %.

It uses residential type air
filters that are 10 % efficient.

|

It has higher quality internal
filter chambers that are
20-30 % efficient. |

i

shops, ete.

It is used in homes, offices,

|

It is used in textile mills, paper |
mills, tool rooms, ete. _

—

Que 2.28. _ Draw a labelled sketch and explain working of window

air conditioning system.

Answer

1. Fig. 2.28.1 shows the schematic diagram of a typical window air

conditioner.

. of
2. Consider that a room is maintained at constant temperature

25°C.

X . % ; by a fan and is
3. In the air conditioner, the air from the roomis drawn by & ¥
made to pass over a cooling coil, the surface of whichis od, 20

at a temperature of 10 °C. After passing over the ¢

oil the air is cooled

(e.g., to 15 °C) before being supplied to the room. p—
4. After picking up the room heat, the air is again returned to the cooling

coil at 25 °C.
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-,.,_ " CONTENTS
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1 : Introduction : Fluid m__.aumwzmm_ p— s W R |
o OOEuEmmoa b Pressure, Density, Dynamic and |
Low pressure Low pressure Kinematic JSwwM oty _
low tem perature MwwoWM wm Seilhe (ierity |
liquid at 5-10 °C i . 2 : Newtonian and Non-Newtonian ........ 3-TH to 3-10H _
By b i Fluid, Pascal’s Law, _

aporator

Continuity Equation
Supply air to room at 15°C

i H to 3-20H
Part-3 : Bernoulli’s Equation and..................... 3-11
Fig. 2.28.1. Schematic dj

: 3 2 i lications, Basic
agram of a window ajr conditioner, %ﬂ“wwwg_ Problems
6. After €vaporation, the refrigerant becomes vapour. To enable it ¢, . < 3-20H to 3-25H
condense back and to release the heat which it has absorbed from the Part-4 : Working Principles of g
| room while Passing through the évaporator its pressure js raised by g Hydraulic .H,E.a.c._mm an ons
_ compressor. Pumps and their Classifica .
: 3-29H
7. woccﬂ._ﬁ this, the high pressure vapour enters the condenser. Parks o Hydolc >2cEc_m8,.,m, oz 3-25H to g )
& Inthe condenser, the outside atmospheric air, say, at 5 temperature of ) Hydraulic Lift and their Applic
45 °C in summer jg circulated by a fan, b
9. After picking up the latent heat of condensation from the condensing
refrigerant, the ajr islet out intg the environment, say, at a temperature
of 55 °C, .
10.

The condensation of refrigerant may occur, for example, at a
temperature of 6 *C.

11. After condensation, the high pressure liquid refrigerant is reduced to
the low pressure of the evaporator by passing it through a pressure
reducing device calleq the expansion device and thus the cycle of
Operation is completed.
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Introduction to Fly
s T a) Sttt ottt

11d Mechanics & Applicaty,,
Aplication,

Introduction : Fluid Pro

, . .qm,__,nnw. Pressure, Density,
Kinematic Viscosity, Specific Gravity

CONGCEPT OuUTLINE
Fluid : A fluid is a substance which def; zonti
subjected to external shearing force. Sonms continvously when

Pressure ; Pressure is defined as the ‘physical wonnc exerted on an

object. The force applied is per i 3 j

. : pendicular to the surface of object,

Ew:.. area. Unit of pressure is Pascal (Pa). RAmSE
nematic Viscosity : It is defined as the ratj i

viscosity and density of fl a—— dynamie

uid. It is denoted by v.
e e e ORE

Hw.w.. namie and

—_

Questions-Answers

Long Answer Type and Medium

e S R T

gmsai. H«U«g ?ﬂ.ﬁﬂmﬁ-ﬂ.m

Some physical properties of fluids are as follows -
i. Density or Mass Density :

1. It maybe defined as the mass

per unit volume at a standard temperature
and pressure. It is also know

n as specific mass. It is denoted by p and its
unit is kg/m3,
Mathematically, p= 7
Where, m = Mass (kg), and
V = Volume (m?),

ii. Weight Density :

1. It can be defined as the weight per unit volume at the standard
temperature and pressure. It is also known as specific weight. It is
denoted by W and its unit is N/m?.

. Weight mg h m w
Eﬁnsﬂgﬂ. W= et - SO S =FP
ema % Volume V i v
iii. Specific Volume :
1.

It is defined as the volume per unit mass of fluid.

- undamentals of Mechanical Engg. & Mechatronics
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Fancl e
4 2 " |
tically, =
Mathema y v T
iv. mﬂaﬁﬂﬁ ﬁ-..n&n%“
1. It is the ratio of the specific weight of the given fluid to the specific
" weight of a standard fluid.

S = _ Specific weight of given fluid

Specific weight of standard fluid

9. Forliquids, standard fluid is pure water at 4
for gases.

°C and air is standard fluid
v. Viscosity:

1. Itisdefined as the property of a fluid which determines its resistance to
shearing stresses. Its SI unit is Pa-s and CGS unit is poise.
2. Anideal fluid has no viscosity.

3. Viscosity of fluids is due to cohesion and adhesion.

State Newton’s law of viscosity and derive the same.
What are its applications ?

A. Newton’s Law of Viscosity :

1. This law states that the shear stress () on a fluid element layer is
directly proportional to the rate of shear strain.

Mathematically, du
B. Derivation :

From Fig. 3.2.1, let two layers of fluid at a distance ‘dy’ apart, move one
over the other at different velocities u and u + du.

The viscosity together with relative velocity causes shear stress acting
between fluid layers.

This shear stress is proportional to the rate of change of velocity with
respect to y. It is denoted by 1.

Upper layer
: Lower layer
u+ du M

Yu

du

¥
nm
A

Solid boundary

FTFTF7T7 77T 777T7 77777777
[ —

Fig. 3.2.1. Velocity variation near a solid boundary.
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du du ,m.,_,;

r t= H——
Mathematically, % g ° dy

H (Sem-1& 2) figho ductlon bo PRt Meshation'ss sy
3-4 m- legy,

= Constant of proportionality ay, ai
Where, H coefficient of dynamic viscosity o, Mmﬂmmf .
ity

dt _ pate of shear deformation or velocit

dy v w;éos_
C. Applications:
1. Lubrication in bearings.
2. Relative movement between two plates.

Que 3.3. _ What is the difference between dynamic imnou#q £
kinematic viscosity ?

T

S. No. Dynamic Viscosity Kinematic ﬂmwn.ﬁ?«.
1 It is defined as the property of | It is defined as the Tatio bety, \
a fluid which determines its | the dynamic viscosity ang de v,
resistance to shearing stresses. | of fluid. Dsity
2 It is denoted by p. It is denoted by v.
3. Mathematically, Mathematically,
T
= : _H
u e v= M
dy
4. The unit of p is Ns/m?. The unit of v is m?/s,
Que 3.4. _ Explain the following :
i.  Compressibility,

ii. Surface tension, and
iii. Incompressible flow.

.-
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1f the pressure is increased to p + dp, the volume of gas decreases from
Vito V—dV.

Volumetric strain = — mwm
Bulk modulus, K = 10¢Tease of pressure g5
Volumetric strain —dv /v
And, compressibility = WN

Surface Tension :

It is mmmnmmm as the tensile force acting on the surface of a liquid in
contact with a gas or on the surface between two immiscible liquids.
1t is denoted by sigma (o) and its ST unit is N/m.

This occurs due to the force of cohesion at the free surface as shown in
Fig. 3.4.1.

Free surface

—_———— e

—_—e——— —— e e e = = =
_—— — — — _— — — —

Consider a liquid molecule in the interior of liquid mass, surrounded by
other molecules all around and is in equilibrium.

At the free surface of the liquid, there are no liquid molecules above the
surface to balance the force of the molecules below it.

As aresult, there is a net inward force on the molecule and this force is
normal to the surface.

Thus at the free surface a thin layer of molecules is formed which acts

as membrane because of which a thin small needle can float on the free
surface.

- Incompressible Flow :

It is that type of flow in which the density is constant for the fluid flow.
Le., ’ p = Constant

Incompressible flow is also known as isochoric flow which means same
area or space.

These type of flow are easy to model as temperature and pressure of
liquid and gases do not vary in incompressible flow. :



L
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Que 3.5. _ Determine the bulk modulus of elasticity ang

compressibility of a liquid. If the pressure ..wm liquid is increaseq
from 70 N/em? to 130 N/cm?. The volume of liquid decreases by 0.15 9,

Answer

Given : dp = 130 — 70 = 60 N/cm?, dV = 0.15 % s -
To Find : Bulk modulus of elasticity and compressibility of liquid.

— % o 60 s 4 N/ 2
1. Bulk modulus, K= v - 015 4 x 10* N/ecm
100
- - 1 1
2. Compressibility of liquid =

—_— = =2.5x10"° em?/N
Bulk modulus 4 x 10*

Que 3.6, _ What should be the diameter of a droplet of water, if the

pressure inside is to be 0.0018 kg(f)/cm? greater than the outside ?

Given the value of surface tension of water in contact with air at
20°C as 0.0075 kg(H/m.

b

Given :p = 0.0018 kg(f)/em?, 5 = 0.0075 kg(f)/m = 7.5 x 10-5 kg(f)/em
To Find : Diameter of droplet of water.
1. For water droplet,
4o
d
d=14c
p

4x75%x10°
e B Pl il SRR
0.0018 0.1667 cm

Que 3.7, _ Define the following terms :

Absolute pressure,

ii. Atmospheric pressure,
iii. Gauge pressure, and
iv. Vacuum pressure.

Answer _

i.
1.

Absolute Pressure :

The actual pressure a
and it is measured
pressure).

ta m.?mb position is called the absolute pressure,
relative to absolute

vacuum (i.e., absolute zero

ntals of Mechanical Engg. & Mechatronics
m%ﬁ_eua
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vacuum

Fig. 3.7.1. Absolute, gauge and vacuum pressures.
S Pﬂabmnu.—wﬂu.mn Pressure : .
A The atmospheric air exerts a normal pressure upon all surfaces with
e which it is in contact, and it is known as atmospheric pressure.

: 2 i - ; ed
tmospheric pressure varies with the altitude and it can _am measur

2 er.”.wwbm of abarometer. Assuch it is also called the barometric pressure.

ijii. Gauge Pressure:

Gauge pressure is defined as the difference between absolute pressure
% and the local atmospheric pressure.

9. Gauge pressure can be positive or negative.
jv. Vacuum P’ressure:

1. Pressuresbelow atmospheric pressure are called as vacuum pressures.

£of

' Newtonian and Non-Newtonian Fluid, Pascal’s Law, Continuity
Equation.

CONCEPT OUTLINE

Examples of Newtonian Fluid : Water, benzene mww.

Examples of Non-Newtonian Fluid : Plaster, slumics, pastes Mpn.
i i inciple of conservation

Continuity Equation : It is based on the princip atio

of mass. Hnéwﬂ.mnmm that, if no fluid is added or removed from the pipe in

any length then the mass passing across different section shall be
same.

—

ﬁ Questions-Answers

44 Long Answer Type and Medium Answer 7 .- Questions
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Que 3.8. _ What are the types of fluid ?
Answer _

Types of fluid are as follows :
i.  Ideal Fluid: A fluid, which is incompressible and is having no viscosity,
is known as an ideal fluid. Ideal fluid is only an imaginary fluid as all the
fluids, which exist, have some viscosity.
Real Fluid : A fluid, which possesses viscosity, is known as real fluiq.
All the fluids, in actual practice, are real fluids.

E:

_.AI| Ideal solid &
sue B2
1aea P*°
@
2 38
o a0 Y
a
2 33
(7] o0 fro¥
“ \ Ideal fluid
R . du
——— Velocity gradient ﬁlv
dy
Fig. 3.8.1. Types of fluids.

iii. Newtonian Fluid : A real fluid, in which the shear stress is directly,
proportional to the rate of shear strain (or velocity gradient), is known
as a Newtonian fluid.

iv. Non-Newtonian Fluid : A real fluid, in which the shear stress is not
proportional to the rate of shear strain (or velocity gradient), known as
a Non-Newtonian fluid,

v. Ideal Plastic Fluid : A fluid, in which shear stress is more than the
yield value and shear stress is proportional to the rate of shear strain (or
velocity gradient), is known as ideal plastic fluid.

Que 3.9, m State and preve the Pascal’s law.
R

1. Pascal’s law states that the pressure at any point in a static fluid is equal
in all directions.

2. The [luid element is of very small dimensions i.e., dx, dy and ds.

m.wamﬁgum of Mechanical Engg. & Mechatronics
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nsider an arbitrary fluid element of wedge shape in a fluid mass at
" hown in Fig. 3.9.1.

B _ 1.,\«\ Y
e/
pdy 1 ‘m ds ﬁ
__..hu__ Mf X
A C Z

p, dxz 1
Fig.39.1.

; . is unity
Le dth of the element perpendicular to the plane of paper is uni
m.uww_& Ma and p, are the pressures acting on the face AB, AC and BC
e

C
rest as 8

‘\\

respectively.
Let £ZABC = 8.
Then the forces acting on the element are :
i  Pressure forces normal to the mE.mmnom..
i, Weight of element in the vertical direction.
Force on the face AB = p_x Area of face AB
=p,xdyx1
Similarly force on the face AC =p, xdx x 1
Force on the face BC=p, xdsx 1
Weight of element = (Mass of element) x g

H hﬁxwuﬂn

Where p = Density of fluid.

9. Resolving the forces in x-direction,
p,xdyx 1-pldsx1) sin (90°-0)=0
p,xdyx1—p,dsx 1cos0=0.

10. wk..: from Fig. 3.9.1, ds cos © =AB=dy

Ryl pu L= .(39.1)
p.=P: .
in y-direction,
11. Similarly, resolving the forcesiny dire:
EKHxﬂxhna
p,*xdxx1-p x ds x 1¢c08(90° -8 - —5
F4
.«. H EKQXWHO
P x&.......q«&mmﬁml )
or b :
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12. But ds sin 0 =dx and also the element is very small and hence weight is

negligible.

pydx —p.dx =0
or p,=p, -.(3.9.2)
13. From eq.(3.9.1) and eq. (3.9.2),
»Uh = LU% = MUN ...Am.mw.wu

14. The eq.(3.9.3) shows that the pressure at any point inx, y and z directions

is equal.

Que 3.10. _ Derive the continuity equation for fluid flow through a

Fig. 8.10.1. Fluid flow through a pipe.

Let, A, = Areaofthe pipe at section 1-1,
v, = Velocity of the fluid at section 1-1,
p1 = Density of the fluid at section 1-1,
A,,V,, py = Corresponding values at section 2—2.
The total quantity of fluid passing through section 1-1 = Py AV,
The total quantity of fluid passing through section 2-2 = P2ALv,
From the law of conservation of matter (theorem of continuity), we
have
P1A; vy = pA,v, ..(3.10.1)
Eg. (3.10.1) is applicable to the compressible as well as incompressible
fluids and is called continuity equation. In case of incompressible fluids,
P, = p, and the continuity eq. (3.10.1) reduces to

Ayvy=4A,v, ..(3.10.2)

damentals of Mechanical Engg. & Mechatronics ~ 3-11 H (Sem-1 & 2)
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[PART-3]

Bernoulli’s Equation and its Applications, Basic Numerical
Problems.

CONCEPT OUTLINE

w.wu.ﬂo::m.w Equation : It can be mathematically stated as :
pressure energy + Kinetic energy + Potential energy = Constant

y ol +z = Constant

P 2g
Venturimeter : Itis wmwi ce used for measuring the rate of flow of a
fluid flowing through a pipe.
Pitot Tube : It is a device used for measuring the velocity of flow at

any point in a pipe or a channel. |
r|l|||||ll|

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 3.11. _ Write assumption of Bernoulli equation. Also state
Bernoulli theorem.

Answer _

A. Assumptions of Bernoulli Equation:
The fluid should be ideal, i.e., viscosity is zero.
The flow should be steady.

The flow should be incompressible.

The flow should be irrotational.
Bernoulli’s Theorem :

i i ssible
!, Bernoulli’s theoremstates that E asteady, _%MH mcm” h.“. Wwﬂ. _MhoBﬁE
fluid, the total energy at any point of the fluid i

2. It can be mathematically stated asgiven _ump.oﬂ_ ergy = Constant
Pressure energy + Kinetic energy + Potential energy

o I

P + M.”.—. z= Constant
pg 2g o
3. Bernoulli’s equation for real fluids s,
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Where h, = Loss of energy.

Que 3.12. _ Water flows through a 0.9 m diameter pipe at the ., i
. . ing to a 0.6 m diameter p;

h there is a reducer connecting . * pipe,
M._”.“Mm pressure at the entrance to the reducer is 412.02 EEWE
the velocity is 2 m/s, determine the Hﬂmi—nwﬂn thrust on the 3?“_5
assuming that the frictional loss of head in the reducer is 1 5 E.a._

Answer
Given : d; = 0.9 m, d,=06m,p, = 412.02 kN/m?
mw.._,n 1.5m
To Find : Resultant thrust.

1. From continuity equation,

v,A; = VA,

v, A

V,= —L nnﬁmuux;‘ Hﬁ.@mgmeIﬁmE\
TR T A T
2. Applying Bernoulli’s theorem at section (1) and (2), we get

' V1= 2y

2 2
P vy Py VY,
+=L Wi
o wm+mH nm+w_m+un+m,..
1 2
0.9 ﬁ - N m
i O - ] Mc.m m
Fig. 3.12.1. 1 2
3.  Asitishorizontal pipe, hence z,=2z
2
P Vi _p, v
Ly =PV,
g 22 pgtagth
412.02 x 10° 2
S oM K

1 torea o, (45f
000x9.81 "2 9.81 1000 x»w.u.m " 2x9 u.Hm

Py = 389,
Hence, resultant ﬁ:.m = !

+1.5

ust on the reducer = 389.18 kN/m?

amentals of Mechanical Engg. & Mechatronics
\\..\InI!|||||]m_ nd

3-13H (Sem-1 & 2)

Fmewer |

A
1

Venturimeter:

Aventurimeterisa .n.__minm used for measuring the rate of flow of a fluid
flowing through a pipe.

It consists of three parts, as given below :

2.
i  Ashort converging part,
ji. Throat,and
iii. Diverging part.
3. It works on the principle of Bernoulli’s theorem.
B. Expression for Venturimeter :
1. As shown in Fig. 3.13.1, a venturimeter is fitted in a horizontal pipe
through which a fluid is flowing.
|
1
1
T
— —_—
—_— d; —
A
T
Inlet Throat
Fig. 3.13.1.
2. Let, d, = Diameter of pipe at section (1),
p,= Pressure at section (1),
v, = Velocity of fluid at section (1), and
a,= Area at section (1) = Maw 3
dy, Py, V4, a,= Corresponding values at section (2).
3. By applying Bernoulli’s theorem at section (1) and (2), we get
2 2
Py Nz = P Y2, .(3.13.D)
) Pg 2g pg 28
4. Asitishorizontal pipe, hencez, =2,
A Y BV
g 28 pg 28
P=P _ vi Vi .(3.13.2)
Pg 2 2¢
5.

But 21" P2 g the difference of pressure heads at sections (1) and (2)
pg

and it is equal to A,
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Pg
2 2
hm 1.0 (3133
2 2 ( )
6.

Applying continuity equation at sections (1) and (2), we have

v
V)= gV, 0r v, = AL

a,
7. Substituting this value of v,in eq. (3.13.3), we get
(a,v,)'
v r a ] @ 2
pex >/ Vol G
2g 2g M.L al
2 ay
or v:= 2gh
; o -a;
2
Vy= [2gh—d—r = [3gh
L 6 -0, Jal-a?
8. Discharge, Q=a,v,
Q=25 fogh .(3.13.4)
9.

Eq. (3.13.4) gives the discharge under ideal conditions called as
theoretical discharge whereas actual discharge will be less than
theoretical discharge and is given by,

C, a,a,+2gh il = Qe
R e " Que
Where C, is the coefficient of discharge for venturimeter and its value

is less than unity.

ﬂﬂﬁ.&.&&r What is orifice meter ? Derive the formula of orifice
meter.

A.  Orifice Meter:

1. It works onthe Bernoulli's principle and is a device used for measuring

the rate of flow of a fluid flowing through a pipe.

.n.,_._b. Jamentals of Mechanical Engg. & Mechatronieg
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1t consists of a flat circular plate wh

2. I orifice, which s concentric it g TPl sharp edged hole

) with the pipe.
5 Itis cheaper device as compared to ventyr; meter.
8 perivation :
. " asshown inFig. 3.14.1, let,

Py = Pressure at section (1),
v, = Velocity of flow at section (1),
- a,=Area of pipe at section (1), and
Py Vor @2 = Corresponding values at section (2).

Imv.:...m Section 2 \\.Oimnm meter

I
Direction s o |G
of flow = mu : \-._-.a... -
(Upstream) W s, )
' E N Downstr
Section 1 i
Differential
Mu 4 manometer
'Fig. 3.14.1. Orifice meter.

2. Applying Bernoulli's equation at section (1) and (2), we get

nﬁl-.Tle.TN.—" w+4|w+Nu
pg 28 g 2¢

ﬁb_ u h.ﬁ» u dw 4m
a | 242, | =
g ) \pg )2 2%

Where, hp + Nﬂg IHW + uuu nangm,mznnwasmmm
pg Pg

28 2

.(3.14.1)
<uH ,_M.w_mﬁ.rdw

the area at
3. Now section (2) is at the vena-contracta and a; represents the
the vena-coatracta.
4 Ifa,is the area of orifice then,

a,
oz
¢ a
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ay=a,C, -(3.14.2)
Where, C,, = Coefficient of contraction.
5. By continuity equation,
a;vi=a,v,
alC
vy = wné -.(3.14.3)
1

7. Discharge, (v ay=a,Cp)

..(3.14.4)

8.

9. Substituting the value of C,, in eq. (3.14.4), we get

undamentals of Mechanical Engg g Mehatronic
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ﬁ_
agxoa[!.r“.._.ffr,.al o \2gh
,ﬁ.:.i” (e
) Mg C
= O}E 2 Q..aaa_gm’h’}
TTLM -
a

C, = Coefficient of discharge for orifice meter.

mﬂ,ﬂ«.\.mn.l_ A horizontal venturimeter with a discharge coefficient

0.98 is being Fa.ma to measure the flow rate of a liquid of densi
Mmme kg/m®. The pipe diameter at entry to the 452“ is 75 mm EN
o venturi n_.u.ow-.. has an area of 1000 mm?, If the flow rate is
0.011 m¥s. Determine the height difference recorded on a U-tube
anometer connecting the throat to the upstream pipe. Take the
relative density of mercury to be 13.6,

o
n

E.—H@n.m__

Answer
Given : C, = 098, p, = 1030 kg/m?, §, = ”mem =103 kg/m’,
Spy= 13.6, d, =75 mm = 0.075 m, @ = 0.011 m*s, a, = 1000 mm*
=1x HQnm_ HD»
To find : Height difference.

1. Aswe know, flow rate, @ = naﬁ x 2gh

@ -a

_H__. = mauu =—X ﬁ.quvm = h%qu x M_ulu_H.N

< %1 %107 :
t0i1m 008 x— A8 2 10X "X e [T 081 %D
, 44178 x1027 -1%10)
h =6.092m

PN

2. We know that,




2.

3.

4.

—~p
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12.57
1.03
x = 0.4992 m

Que 8.16. _ What is pitot tube ? How will you determine the velocity
at any point with the help of pitot tube ?

6.092 = x x

m.mno-“ﬂ.ﬁ—uﬂuﬂmmwn_m%smmnmoﬂﬂmgﬁgﬂgdecQchmnoﬁmn any
point in a pipe or a channel.

B. Expression of Velocity at any Point :
1 Let

P, = Intensity of pressure at point (1),

v, = Velocity of flow at (1),

P, = Pressure at point (2),

v, = Velocity at point (2),

H = Depth of tube in the liquid, and

& = Rise of liquid in the tube above the free surface.

Applying Bernoulli’s equation at point (1) and (2),
B Y P, V3
— + 2
o ag ..(3.16.1)
Since z, =z, as point (1) and (2) are on the same line and v,=0.

m,_w = Pressure head at (1) = H ..(3.16.2)

Py
pg ..(3.16.3)

Substituting values of eq. (3.16.2) and eq.(3.16.3) in eq. (3.16.1), we get

= Pressure head at (2) = (h + H)

A—M
H+—-L =(h+H
2g
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2

h= e o vi= 2
This is theoretical velocity.
Wna: al velocity is given by,
> Vet = C.22R
Where, C, = Coefficient of pitot tube,
é Velocity at any point,

v=C, ,2gh

Gue 5.17. | In an experiment of flow through orifices the following
ere recorded :

Wﬂwﬂuﬂnmﬂ of sharp orifice = 100 mm

piameter of jet at vena-contracta = 78.42 mm

Height of water tank maintained = constant = 3.60 m

Discharge measured (Tank-method) = 0.0385 m3/s

petermine C,, C, and C,.

Answer |

Given:d=100mm=0.1m
Jet diameter at vena-contracta = 78.42 mm = 0.07842 m
H =3.60m, @,,=0.0385 m%s
ToFind:C_, C andC,
1. We know, Qy, = vy, x Area of orifice

Vi = J2gH = [2x9.81x3.60 =8.40m/s
x x 2
Q,, = 8.40 x 1 d?=8.40 x 2 % (0.1)

= 0.066 m%/s
2. Coefficient of discharge,

PR Actual discharge (@)
4~ Theoretical discharge (Q,)
0.0385
- =0.58
Ca 0.066
3.  Coefficient of contraction,

an

C. = =~
n 2

by .Ml et &Emnmﬂ._wﬂ M = (0.07842)

10048 m?

(=]
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g o ding to the Direction of Flo

p : W through Runner :
= al Flow Turbine ; . ) T:
a= 7 d= 7 *(0.12=00079 m? : %ﬂnﬁﬂmﬂi T e ,.mﬂ__,wr__m HMH,“: @:5 S i
c - 00048 oo maﬁmﬂunm_“ m.m_,“”p H”Mm_.ﬁquaw. "
¢ 0.0079 " ﬁw@_w—.m. Q%q: roine : In this turbine, the Wwater flows along the
4. Weknowthat, C,=C,xC, : radial direction.
¢, 058 Example :Francis turbine,
“ N ) 061 jii. Axial m._oﬂn .H.E..r:um +In this turbine, water flows through the runner
C,=095 along the direction parallel to the ayis

of rotation of the runner.
Example : Kaplan turbine,

PART-4 Mixed Flow Turbine : In this turbine, w

, iv. iphery in radial direction and leaves 1 o L 2 e
i ; ri io
Working Principles of Hydraulic Turbines and Pumps and their outer perip n an

eaves it at the centre in the

Classifications direction parallel to the axis of rotation of the runper.
. Example : Modern Francis turbine.
_ CONCEPT OUTLINE ¢. According to the Head at Inlet of Turbine :

] i High Head Turbine : These are the turbines which are capable of
Hydraulic Turbines : The hydraulic machines which convert working under very high head ranging more than 250 m.

hydraulic energy into mechanical energy. Example : Pelton wheel turbine.
Pumps : The hydraulic machines which convert the mechanical energy ii. Medium Head Turbine: These are the turbines which are capable of
into hydraulic energy. . ] " working under head ranging from 60 m to 250 m.

Example : Francis turbine.

; i m iii. Low Head Turbine : These are the turbines which are capable of
== EEE bp..am|5.uwm. i i i il working under head less than 60 m.
_ Long Answer Type and Medium Answer Type Questions

Example : Kaplan turbine.
D. Aeccording to the Specific Speed of the Turbine :

.

3.18 _ i ; . i ; i. Low Specific Speed Turbine: Low specific speed ranging less than 60.
Que 3.18. | Classify hydraulic turbines with examples in detail, Exampie: Pelton wheel turkine.
ﬂd_ﬁb‘.u.l_ ii. Medium Specific Speed Turbine: Ranging between 60 to 300.
Hydraulic turbines are classified as follows : Example : Francis turbine. —
e 4 N - i 0 3
A.  According to the Type of Energy Available at Inlet': i. High Specific Speed Turbine : Ranging between
i.  Impulse Turbine : In an impulse turbine, all the available energy of Example : Kaplan turbine.
water is converted into kinetic energy. : Pelton wheel
Example : Pelton wheel turbine. Que 3.19, Explain construction and working of Pe
ii. Reaction Turbine : In a reaction turbine, at the entrance to the runner, turbine
only a part of the available energy of water is converted into kinetic energy ;
and a substantial part remains in the form of pressure energy, Answer _
Example : Francis turbine, Kaplan turbine.

p.p. Construction of Pelton Wheel e:uw_n“u w -

L Nozzle and Flow Regulating Arrange b

L The amount of water striking the buckets 0
Providing a spear in the nozzle.

ner is controlled by
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Spear has the streamlined head which is fixed to end of the Tod,

The spear is push forward in the nozzle to reduce the water f1,
push backward to increase the water flow.

Runner Reduce Gap with Buckets :
Runner consists ofa nwﬂ_n% disc with a number of bucketg evealy
spaced around its periphery.

Each bucket is divided into two mgﬁmﬁa&uamgw&i ding wy
which is known as splitter.

The jet of water impinges on the splitter which divides the jet into ty,
equal portions.

Casing :

Fig. 3.19.1 shows the casing of a Pelton wheel turbine.

E?b&oucmgmomﬂnwmmﬁouﬂﬁmnngmmu_mmgwaﬁrmimsu andty
discharge water to tail race.

The casing of the Pelton wheel does not perform any hydraulic function,

W Euamm

Casing

Vanes

4
Runner
ozzle @

Penstock

Jet of water
Spear

-

Fig. 8.19.1. Pelton turbine.
Breaking Jet :

Hnwou.ﬁm nozzle is completely closed by the motion of spear in forward
ection, the amount of water striking the runner reduces to zero.

But due to inertia, runner goes on revolvi j

. i ving. Therefore a jet from back
of vane is used to stop the whee] known as breaking jet.
Working of Pelton Wheel Turbine :

The water stored at high head is
made to f] m_mumsnw.ﬁ_
reaches the nozzle of the Pelton E-._UEM e

The nozzle increases the
water in the form of jet,

The jet of water fro
This made the

kinetic energy of the water and directs the

t H—DNN—Q WHHﬂ—ﬁmm ﬂg ._U.c.ﬁw.m.ﬁ h __
m ._—s ﬂgmm.v D* ﬁw@
0 m-ﬂm at .Qnu g‘ m.._u— mumﬂn.

The quantity of water strij;
Spear present inside nwmnhrowﬂw@ e v
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The Nm_.—mﬂmncﬂ is attached to the g

; haft of the runn, i
mechanical energy of the runner in, electrical mM_.me_wﬁr converts the

bﬂo 3.20. | Give classificatic;, | pumps,
nnu*l?n_._ and reciprocating pump ?

b.._ Classification of Pumps ;

B.

What do you mean by

Pumps

Positive displacement Non-positive displacement
Rotary Reciprocating Centrifugal Axial  Radial
mcﬂ noﬂ

—

Gear Vane Screw
B. Centrifugal Pump :

1. Ifthe mechanical energy is converted into pressure energy by means of

centrifugal force acting on the fluid, then the hydraulic machine is
called centrifugal pump.

2. Itis aradial outward flow machine. It acts as the reverse of an inward
radial flow reaction turbine.

3. It works on the principle of forced vortex flow.

C. Reciprocating Pump:

1. If mechanical energy is converted into pressure energy by means of
reciprocating motion of a piston into a cylinder, then pump is known as
reciprocating pump.

2. Ttis a positive displacement pump as it sucks and raises ;.m _EE.”_,E
actually displacing it with a piston that executes areciprocating motion
in a closely fitted cylinder.

3. The amount of liquid pumped is equal to the volume displaced by the
piston.

Que 3.21. _ Give the constructional details of a centrifugal pump.
Also explain its working.

A Construction of Centrifugal Pump : . .

i Impeller : An impeller is a wheel (or rotor) with a series of backward
curved vanes (or blades). It is mounted ona shaft whichis coupled to an
electric motor.
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Casing : The casing is an air tight chamber surrounding the Pum;,
ii. Casing:

impeller.
Dischargelevel
Delivery pipe
hy .
Pressure gauge _| Delivery valve
Impeller Delivery hwuwm

Vacuum gauge

S = Shaft driven by
Suction flange

electric motor or o] enging

“—Illll_l._l\..‘ e : ~ D Centre line of

the pump

)

i
]

I

oS-

]

1

'l

||

nl
'!!H!

Foot valve

Strainer

Fig. 3.21.1. Centrifugal pump.
iii. Suction Pipe : The pipe which connect,

to sump from which liquid is to be lifte
Delivery Pipe : The pipe which is connected at its lower end to the
outlet of the pump and delivers the liquid to the required height is
known as delivery pipe.

s the centre/eve of the impeller

d is known as suction pipe.
iv.

Working of Centrifugal Pump :

The first step in the operation of a centrifugal pump is priming.
Priming is the operation in which the suction pj i
! . 1 1 pipe, casing of the pump
mﬂmﬁ?m portion of ﬁrm @or.cﬁ.u Pipeupto the delivery valve are completely
ed with the liquid which is to be pumped, so that no air pocket is left.
After .s._m pump is primed, th
electric motor is started to r

e delivery valve is kept closed and the
otate the impeller,

=
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Now as long the .am—w«.maw valve is closed and the impeller is rotating, it
5. just churns the liquid in the casing.

When the delivery valve is opened the liquid is made to flow in an
6.

outward radial &Hmaﬂo«. thereby leaving the vanes of the impeller at the
outer circumference with high velocity and pressure.

[ParT-5]

Hydraulic Accumulators, Hydraulic Lift and their Applications.

CONCEPT QUTLINE _

Hydraulic Accumulator : It is a device which is used for storing the 7

energy of fluid in the form of pressure energy. This energy can be
applied for any sudden requirement.

|
Hydraulic Lift : It is a device used for nEd_m.n.m passenger or goods _
from one floor to another in multi-storeyed building.
Applications of Hydraulic Lifts : _
1. Wheel chair lift, _
2. Truck trailer, _
3. Material handling, and _ﬂ
4, Industrial hydraulic application. .

’\ Questions-Answers |
_’ Long Answer Type and Medinm Ans«.

" pe Questions

Que

[

3.22. | Define hydraulic accumulator. Draw the neat sketch

and explain the construction and working of hydraulic
accumulator.
—_— d tore th
i i ‘hich is used to store the
A. Hydraulic Accumulator : It is a device whic ) .
muwmﬂmuq of fluid under pressure and make this energy available to hydraulic
machines such as presses, lifts and cranes.

B. Construction of Hydraulic Accumulator .
L Fig. 3.22.1 shows a simple hydraulic accumulator o
. 2. Ttconsists of a fixed vertical cylinder, containing & <lici .d.u ram.
3. A weight is placed on the top, to create pressure in the cylinder chamber.
4,

One side of the cylinder is connected to the pump and the other side to
the machine.
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i lator : nied
i Hydraulic Accumu B
C. “cﬂﬂiﬂmummﬂw:m the ram is at the lowermost position,
1. Inthe ,

I TTITIINIRIY

“ Moving
e cylinder
Sliding
ram \
Load Load
\ \ \ Fixed vertica]
cylinder : ;
\ Brass bush Fixed vertical
\ R cylinder
= Outlet to
\ “w“*n*uuw*ﬂ%u*u Inlet W, l machine
Inlet —s iz | o — Outlet . ﬂ—ﬁBﬂl‘. ' _y - = -
from pump sl R
Fig. 8.23.1. Differential hydraulic accumulator.
Fig. 3.22.1. Hydraulic accumulator. 2. The fixed vertical cylinder is surrounded by closely fitting brass bush,
) ] ) . . i which is surrounded by an inverted moving cylinder, having circular
2. During idle periods of driven machine high pressure liquid from the projected collar at the base on which weights are placed.
pump is admitted in the hollow space of the cylinder, it raises the ram, . = . .
on which the heavy load is placed. B. Working of Differential Hydraulic Accumulator :
3. Flow of more liquid continues till the ram is at its uppermost position. At 1. The liquid from the pump is supplied to the fixed vertical cylinder.
this position maximum amount of pressure energy is accumulated, 2. The liquid moves up through the small diameter of fixed vertical cylinder
. This accumulated energy is later discharged to the driven machine, and then enters the inverted cylinder.
during its working stroke i.e., when it requires maximum amount of 3. The water exerts an upward pressure force on the internal annular
energy. area of the inverted moving cylinder, which is loaded at the base.
Que 3.23, — Describe with the help of neat sketch the construction p.

The internal annular area of the inverted meving cylinder is equal to
and working of a differential hydraulic accumulator.

the sectional area of the brass bush.
’ 5.
Answer _

When the inverted moving cylinder moves up, the hydraulic energy is
stored in the accumulator.
A Construction of Differential Hydraulic Accumulator :

Que 3.24. — Explain in brief about hydraulic lift.
1. It consists of a fixed vertical eylinder of small diameter as shown in
Fig. 3.23.1. e

It consists of a ram, sliding in fixed cylinder as shown in Fig. 3.24.1.
At the top of the sliding ram, a cage is fitted.

g o

The liquid under pressure flows into the fixed cylinder and exerts force

on the sliding ram, which moves vertically up and thus raises the cage to
the required height.
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Th moves in downward direction when the liquid from th fixeq
4. e cage

cylinder is removed.

Cage 3rd Floor
2nd Floor
1st Floor

<4i— Sliding
ram
Fixed —
cylinder
—
Liquid
under pressure

Fig. 8.24.1. Hydraulic lift.

‘Que 8.25. | Draw neat sketch and explain suspended hydraulic lift,

|

1. Itisamodified form of hydraulic lift,
2. It consists of a cage which is suspended from a wire rope.
3.

A jigger, consisting of a fixed cylinder, a sliding ram and a set of two
pulley blocks, is provided at the foot of the hole of the cage.

One of the pulley blocks is movable and the other is a fixed one. The end
of the sliding ram is connected to the movable pulley block.

A wire rope, one end of which is fixed at A and the other end is taken
round all the pulleys of the movable and fixed blocks and finally over the
guide pulleys as shown in Fig. 3.25.1.

6.
7.

I
§

Cage “
7

& e o oo -5
2 © % 0o 8B s 6w

- Fixed
A _ Sliding cylinder
Movable \Mﬂ 9 L

pulley LT /

—
block ) Jigger

<= Fized pulley
lock

Liquid under pressure —e=
Fig. 3.25.1. Suspended hydraulic lift.

The cage is suspended ‘rom the other end of the rope.

The raising or lowering of the cage of the lift is done by the jigger as
given below :

i Whenwater under high pressure is admitted into the fixed cylinder
of the jigger, the sliding ram forced to move towards left.

ii. Asone end of the sliding ram is connected to the movable pulley
block hence the movable pulley block moves towards the left, thus
increasing the distance between two pulley blocks.

i, The wire rope connected to the cage is pulled and the cage is lifted.
iv. For lowering the cage, water from the fixed cylinder is taken out.

v.  The sliding ram moves towards right and hence movable pulley
blocks also moves towards right.

vi. This decreases the distance between two pulley blocks and the cage
is lowered due to increased length of the rope.

©00



UNIT

Measurements apq4
Control Systey,

—

CONTENTS

Part-1

Part-2

’ Part-3

/. Part-4 .

_ Part.5

Measurements and Confrol
System : Concept of
Measurement, Error in
Measurements, Calibration

Measurements of Pressure,.........
Temperature, Mass Flow Rate,
Strain, Force and Torques

Concept of Accuracy,..........
Precision and Resolution,
Basic Numerical Problems

System of Geometric............
Basic Numerical Problems

Control System Concepts :
Introduction to Control Systems,
Elements of control System,
Basic of Open and Closed

Loop Control with Exdmple

ceernennne. 3=21H to 4-27TH |
Limit, Fit, Tolerance and Gauges,

.......... 4-8H to 4-19§

cvrenennn. 4=19H to 4-21H

T, 4=27TH to 4-30H

3

4-1H (Sem-1& 2)

Measurements & Control System

[earT-1]

Measurements na&.n.oand_ System : Concept of Measurement,
Error in Measurements; Calibration.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que d.1. _ What is measurement ? Write down the scope and

requirement of measurement.

o

A. Measurement: It is the process of comparing unknown magnitude of

certain parameter with the known predefined standard of that
parameter.

B. Scope of Measurement :
L

Measurements are one of crucial parts of engineering fields.
2.

Every branch of engineering involves two processes :
i.  Design, and

ii. Operations and maintenance.

The design may be building design, circuit design, transportation design,
automobile design etc.

The operations part involves operation of the machines, automobiles,
various plants, circuits ete.

Both, the design, and operations and maintenance involve
measurements.

For instance while designing automobile we have to consider dimensions
of various parts of the automobiles, the loads they can pick up etc.

Similarly during the operations of the plant, say like industrial

refrigeration plant, we have to measure parameters like pressure,
temperature etc.

Requirements of Measurement :

The standard used for comparison purposes must be accurately defined
and should be commonly acceptable.

The standard must be of the same character as the measurand.

The apparatus used and the method adopted for the purposes of
tomparison must be provable.
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9.54_ Explain various methods of measurement.

Various methods of measurement are as follows :
i. Direct Method : .
In these methods, the unknown quantity is directly compared

: Baingt
standard. The result is expressed as a .EHBmﬂmE mc.E&ﬁ. and a upj;. .E_“
standard, in fact, is a physical embodiment of a unit,

Direct methods are quite common for the measurement of
quantities like length, mass and time.

Indirect Method :

Physica)

= E

In the indirect method of measurements some transducing device, calleq
transducer is used which is coupled to a chain of the connecting apparaty,
that forms the part of the measuring system.

In this system the quantity which is to be measured (input) is converteq

into some other measurable quantity (output) by the transducer. The
transducer used is such that the input and the output are Proportiona]
to each other.

The readings obtained from the transducer are calibrated to as per the
relations between the input and the output thus the reading obtained
from the transducer is the actual value of the quantity to be measured,

Such type of conversion is often necessary to make the desired
information intelligible.

L

The indirect method of measurements comprises of the system that
senses, converts and finally

presents an analogues output in the form of
a displacement or chart.

(el

This analogues output can be in vari
to amplify it to read it accurate
quantity to be measured,

The majority of the transducers convert mechanical input into analogues

&25@ cﬁ.uﬁ mew processing, though there are transducers that convert

Mmmwgo& input into analogues mechanical output that is measured
y.

ous forms and often it is necessary
ly and make the accurate reading of the

Que 4.3, _ Draw a block diagram representation of a mmbmu.m_wuou_
measurement gy

stem. Identify varj in their
funetions, fy various elements and explain

4 4H (Sem1&2)

e
—_—

Towwer |

A Block Diagram of Generalizeq Measuremen

meaﬁm:mmmammmulnm WEﬂEEngrSm are
Input .

J@mmmc_.msmng & Control System

— R RO

t System :
three main elements :

Analogous| Reading Output
recording
element

Fig. 4.3.1. Flow chart of generalized measuring system,
B. Various Elements and their Functions :
i. Initial Sensing Element : It is also known as

element or simply transducer element. It
detects or senses the measurangd.

(Reading)

: sensor transducer
18 the first element which

Initial Practically convenient

sensing

element
Fig. 4.3.2.

Function : Itis the part which first receives energy from the measured

medium and converts this input into a more practically convenient form
of output.

Initial energy

e

(Measured quantity)

form of output

ii. Signal Conditioning Elements :

Signal conditioning elements are used to modify the transduced
information into a form that is acceptable to reading recording elements.

2. Theseinclude variable transformation element, variable man ipulation

element and data transmission element.

Function : Many times, the output of the transducer is so small that it

is insufficient to operate an indicator. Hence it should be suitably
manipulated by signal conditioning element.

iii. Reading Recording Element:

Itis also called data presentation element. The data is finally transmitted
to data presentation element.

This element is used to display information of measured quantity to the
observer,

The most common form of data presentation element consists of a

pointer moving over a scale to give the reading of measured quantity.
Function :

These element act as data storage elements. .
2. The desired data may be retrieved repeatedly whenever required.

Data from Data Observed
| presentation pr
transmission element reading
element

Fig, 4.3.3.
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Que 4.4, _ What is error ? Also explain sources of error,

Answer _

A
1

2.

Error :

An error can be defined as difference between measured v

alue apg true
value,

An ideal measuring instrument should be designed and Embﬁmn_pﬁ&
for precise and unambiguous measurement of parameters of

, . r._amug
But since hundred percent control is unattainable, error doeg oceyy ®
Sources of Error :

The major sources of error that may contaminate the result are .
i The measurer, and

ii. Theinstrument itself.

Sometimes, the measurer may suffer from temporary factorslike fatigue
boredom, anxiety or other distractions. Such factors limit the ability aw
the measurer to take the measurements accurately and fully. Hunger
impatience, or general variation in mood can also affect the readings, :
Any condition that creates strain on the user d

. uring the measurement
session can have serious effect on data collection.

A defective instrument can also cause error in measurement,

The error also occurs due to noise, response time, design limitations,
effect of .Eozca in the instrument movement, resolving power,
transmission, errors of observation and interpretation.

Types of error in
measurements

Measurement errors

Systematic errorg

Blunders

Random errors

Instrumenta)
errors

Observational
errors

Theoretical
errors

Fig. 45,1,

iv,

L

Measurements & Control System
Classification of the measurement EITOrS are as follows -
Gross Errors : .

Gross errors are caused by mistake ;

calculating measurement ang Sgénm“wﬁma_””mﬁmaaug oF meters,
M”Mm _ummw Mﬁwﬂﬂﬁwﬂﬂwﬂu 182 person or operator reading pressure
Measurement Errors ;

The measurement error is the result of the variation of a measurement
of the true value.

Usually,

measurement error consists of 5 systematic error and random
error.

Systematic Errors :

The errors that occur due to fault in the me

systematic errors. Usually they are calle

asuring device are known as
negative error.

d as zero error a positive or
These errors can be detached by
and classify as follows :
Instrumental Errors :

1

correcting the measurement device

Instrumental errors occur due to wrong construction of the
measuring instruments,

2.  These errors may occur due to hysteresis or friction.
Environmental Errors ;

1. The environmental errors occur due to some external conditions of

the instrument. External conditions mainly include pressure,
temperature, humidity etc.
In order to reduce the environmental errors, try to maintain the

humidity and temperature constant in the laboratory by making
some arrangements.

Observational Errors :

1. These types of errors occur due to wrong observations or reading
: in the instruments.
&

In order to reduce error highly accurate meters are needed e.g.,
meters provided with mirror scales.

Theoretical Errors :

1

Theoretical errors are caused by simplification of the model system.
2.

For example, a theory states that the SEMMWE.@WMM ﬁm mﬂwﬁ“
El : ﬂ
ing will not change the readings taken
Mﬂﬂoﬂ”ﬂﬂmw factor will begin a source of error in measurement.
Random Errors :

Random errors are caused by the sudden mrgm%ﬂmmﬁﬂmﬁ
conditions and noise and tiredness in the working persons.
are either positive or negative.
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2. Examples : Changes in humidity, unexpected change in temperay,,,
and fluctuation in voltage. e

3. These errors may be reduced by taking the average of a large Numbe, i
readings.

C. Blunders:

1.  Blunders are final source of errors and these errors are caused by
recording or due to a wrong value while recording a measure
misreading a scale or forgetting a digit while reading a scale.

2. These blunders should stick out like sore thumbs if one person checks

the work of another person. It should not be comprised in the analysis of
data.

mﬂﬂ:@
ment, op

Que 4.6. _ Write short notes on calibration and static calibratiop,

Answer _
A. Calibration :
1. Calibration may be defined as process of determining output scale of 3
measuring instrument.

w

For this, known magnitudes of the input quantity must be fed into the
sensor-transducer and the system’s output behaviour has to be observed,
3. Such comparison allows the magnitude of output to be correctly
interpreted in terms of the magnitude of the input.

4. Hence, calibration establishes the correct output scale for the measuring
instrument. :

5. Calibration process may be categorized as :

Single Point Calibration : A single value of input and corresponding
output is sufficient to evaluate the constant of proportionality. This is
called single point calibration.

ii. Multi Point Calibration : If the output is not proportional to input,
then to improve accuracy of calibration, a number of input values are
fed to the instrument and the corresponding output deflections are
observed. This is called multi point calibration.

B. Static Calibration :

1. Instatic calibration, a known value isinput to the system under calibration
and the system output is recorded.

2. The term static refers to a calibration procedure in which the value of

the variables involved remain constant during a measurement, i.€
they do not change with time.

3. Instatic calibrations, only the magnitudes of the known input and the
measured output are important.

[

Measurements & Control System

* Measured valyes
- Curve fit, y=flx)

Output value, y [units]

Kix,) = dyldr), _

X

L 1
T
Input ...E.ur.« [units]

Fig. 4.6.1. A static calibration curve.

I
|
I
1
x

4 A representative static calibration is shown in Fig. 4.6.1.

5. The measured data points describe the static input-output relationship
for a measurement system.

6. Apolynomial curve fit to the data may be conveniently used to describe
this relationship as y = flx).
Where, y = Output values, and
x = Input values.

Measurements of Pressure,Temperature, Mass Flow Rate,
Strain, Force and Torques.

CONCEPT OUTLINE

Pressure Eammcﬁnn_nmnn : Pressure Ewmm_:.m Emﬂ is _H.o_n _ﬁm
concerned with determination of force per unit area but is &w“. BEV.‘_‘uoﬂ

in many liquid level, density flow and temperature Wmmmu. e .3 :
Force Measurement : Force is usually Emmmdu.mm y ap) Hﬂmﬂ% .
calibrated device which resists the force and indicates or
magnitude.

Radiation Pyrometer : A 18
thermocouple instrument placed

diation pyrometer is basically 2
in a black tube.

Questions-Answers

i Questions
Long Answer Type and Bocum i

| tene o e mtreten T

Also write
i derstand by manometers ?
What do Y0 Explain any one-

down the types of manometers:




Fundamentals of Mechanical Engg. & Mechatronics 4-9 H (Sery.

A . _Enb.n.u.-n»ﬂ-.m i
1 Manometers measure the unknown pressures by balancing againgt the
gravitational force of liquid heads.

Manometers are self-balancing deflection type of instruments anq iy
continuous rather than stepwise output. e

o

They are used as primary standards for low pressure measurementg.
Types of Manometers : Various types of manometers are as follows .
U-tube manometer,

Well type manometer,

Inclined tube manometer,

Ring balance manometer, and

Micromanometer.

U-Tube Manometer :

F QO e

The U-tube manometer shown in Fig. 4.7.1 may be used for
measurement of liquid or gas pressure.

Py—e k

b ————

Transmitting k
fluid 7T

Ll ¥

Manometric
fluid

Fig. 4.7.1. U-tube manometer.

The manometer is filled with a manometric fluid whose specific gravity
is known.
The difference between the pressure gravity on two limbs of the

manometer is a function of h, the difference between the levels of the
manometric fluid into two limbs,

The pressure balance equation is,

Py +ghp,=p, + ghp
Differential pressure p =p,—py,=ghlp al Py
m

N

410 H (Sem-1 & 2)

Measurements & Control System
Where, g is gravitational constant
respectively the specific gravities
transmitting fluid in kg/m?,

(9.81 m/e?) and p,_ and p, are
of manometric fluid and the

The height i can _.....o.ﬂmwm off a scale placed alongside the U-tube. It is to

& pe noted that the m:.mabbﬁm .:. is measured parallel to the gravitational
m.cn.no g& HH—.”" R_HG gﬂﬂ.mﬂﬁup- pressure = hv._. IU» is measured at the
Jocation designated by the dashed line.

6. Incase the pressure due to transmitting fluid can be neglected, difference
" in pressure,

P =py-py=ghp,

7. Ifp,is the pressure being measured, the U-tube manometer may be
" used for measurement of :

i Absolute pressure if p, =0,
ji. Gauge pressure if p, = p, = Atmospheric pressure, and
jii. Differential pressure, if p, is the second pressure to be compared
withp,. .
8. U-tube manometers are available with ranges up to 40 kN/m? and
maximum operating pressure upto 3 MN/m? (gauge).

TE

. wﬁ Describe Pirani gauge and its working principle. What

b BT e

is the range of absolute pressure which can be measured with this

Pirani Gauge :

1 It is a device that measures the pressure through change in thermal
conductivity of a gas which changes the temperature of aheated element.

B. Working Principle :

1. Tt is based on the principle that the temperature of a current carrying
conductor will not only depend upon the %Emm of current NJL& the
resistivity of conductor but also onrate at which heat is dissipated.

2. With drop in pressure the density of gases surrounding the n_.wﬂ_ﬂmu”
carrying conductor decreases which in turn reduces the rate of hea
dissipation and results in rise of temperature of the conducting wire.

\l Platinum wire

-

—» Tolow
To wheatstone pressure
bridge region

B4 Pirni e
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3 It consists of asingle filament which is made up of tungsten or plat

Filament is present in form of coils. It is covered with glasg tube ,.“M.H_m
pressure is to be measured.

4. With the drop in pressure of gas surrounding the filament noEvm_.mﬁE.m
reduces and hence its resistance also changes.

5. The resistance change in the filament in the measuring cell is Measureq
by connecting with the Wheatstone bridge which is calibrated i, terms
of pressure.

C

- Range of Pirani Gauge : It covers the range from about 10-5 t0 1Topr
Que 4.9, — What is the principle of temperature measurement 7

Answer

1. The basic principle of temperature measurement depends upon the
establishment of thermodynamic equilibrium between the system ang
the device used to sense the temperature e.g. thermometer.

2. Some scales for measurement of temperatures are as follows -
i Degree Celsius, )
ii. Fahrenheit scale, and
iii. Kelvin scales.

3.

Relation between degree Celsius, Fahrenheit and Kelvin scales -
C_ F-32 K-273

5° 9 5

C = In degree Celsius,

F = In Fahrenheit, and
K = In Kelvin.

Where,

n._nmPuc.mNﬁ_E.burm principle of bimetallic thermometer with
its advantages.

Answer _
4. Bimetallic Thermometer :

] Itisbased on the principle that w
coefficient of expansion are br
will cause free deflection of
The bimetallic stri
thermometer.,

hen two metal strips having different

azed together then a change in temperature
assembly,

P wound in a helix form and forms the basis of

o]

One end of it is fixed on a fixed sh
witn another movable shaft whic
If this metal strip subjected to

itself and the rotation of the
temperature,

aft and other end is free and attached
h has a pointer at its end.

temperature change will try to unwind
movable shaft is calibrated in terms of

i

412H (Sem-1&2) Measurements & Control System
B Advantages of Bimetallic Thermometer :
L It is simple, compact and robust in construction,

g, Ithasthe capability towork und. : ,yer ranged condition without harm.
g, It is inexpensive.

aw.«&ﬁ.. Explain briefly

the construction and working of a
radiation pyrometer.

Answer
A Construction of Radiation Pyrometer :
1. It consists of a light-directing means (as baffles or lenses) and an
approximate black body receiver with means for sensing temperature.

mmummbmmﬂmambﬁmmumwawv.#mmmoBm?u.Ei. thermopile or pyroelectric
sensor.

R

Thermocouple ﬂg Recording instrument
Hot body

IIII+- IIIIIII s s c
Heat radiations o
A Radiation shield T~ < Eye piece
IIIII llllﬂlllll...lutllljllllfl -« Concave mirror

— Sensing foil (f)
Fig. 4.11.1. A simplified form of radiation pyrometer.
Working of Radiation Pyrometer :

It works on Stefan Boltzmann law which states that the total energy
emitted by a unit area of a perfect radiator per second is proportional to
the fourth power of its absolute temperature.

Radiations coming from the hot body A are focusing on the sensing
elements through a concave mirror C as shown in Fig. 4.11.1.

The sensing element S, absorbs the radiation and the temperature of
corresponding junction of the thermocouple rises and an mu.n, is Eacnﬂm
which can be calibrated in terms of temperature by a recording device R.

It is used to measure the temperature in range 700 °C to 2000 °C.

Que 4.13, — Explain in brief about rotameter for measurement of
flow rate,

p S

L Rotameter can measure the flow of both liquids and s i oMMMNMMMm
isbased on the. variable area principle, where the flow raises mo*. flow mm.
float in a tapored tube by increasing the area for uwmmwmo tis raised
shown in Fig. «.12.1. The greater the flow, the EEM: o ‘
Thus float height is directly proportional to flow rate.

4,
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2. Float reaches a stable position in the tube when upward force exert
by the flowing fluid equals downward gravitational force exerteq iy smun
weight of the float. %

3. Achange in flow rate upsets this force balance. Float then moyeg

mosﬂ_n#mbm.mbmarmnbb:_ﬁuwhmm. abm.:nmm&b-.mmb_ummw _uamm
equilibrium.

Upor
tion of

4. Rotameters use a magnetic follower to translate vertical lineay Mot
of float into a rotary motion. n

5. Follower consists of a steel magnetic helix supported rigidly betweey
bearings. Leading edge of helix is constantly attracted to a Magnet
contained in float or extension of float.

6. Every vertical position of the float is converted into a correspongiy
positive radial position of the helix.

7. Apointer with a zero adjustment is attached to the top of helix assembly
to indicate flow rate directly on a curved scale.

8.

Actual rotameter flow calibration data are plotted on polar coordinateg
and resulting curve is reproduced on a small stainless steel cam_ '

Rotameter
Characterised cam
o Pointer attached
Magnet = to helix
(Sealed in float |r
or extension) 4
Magnetic
field
Flow scale

Metering float

extension Rotameter
Metering ;@ tube
float

Y e

21

A Strain Gauge Circuits :

Hva.n_uubm.m in resistance can be measured by using a proper circuit
called strain gauge circuits,

These change in resistance can be measured by electrical cireuits using
potentiometer or Wheatstone bridge.

414H (Sem-1 & 2)

mﬁﬂnmﬂ Strain g@bnﬂﬂ&ﬂ-&ﬂ.ﬁ %
B- Cirouit : by using Wheatstone Bridge

L Itis used to measure static strajp only.

—j—"

E, Switch
Fig. 4.13.1. Wheatstone bridge circuit for strain measurement.
9. Let R, represents the strain gauge resistance.

Initially when there is no strain in gauge, Wheatstone bridge is in
balanced condition.

4. At balanced condition, Potential at B = Potential at D
and no current flows through galvanometer G, thus we can write

m_.n m (4.13.1)
R R .. (4.13.
5. IfR, changesto R, + AR, then changes from R, to R, + AR,.
8, R +AR, R,
R,+AR, R,
R, +AR= FW+§FW
i R, *...muﬂ
=B R, R,
AR,= MPP

6. Ifall resistances have equal values then
NHH Nw"ﬁmﬂm& “Hn

v
&
5
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HFMu

. %» = Qﬂmh.— = b—wn
7. So,changein EnmmE.mBm-.: of R, is direct measure of strain anq can e
calibrated in terms of strain.

Que 4.14. | Write short note on strain rosettes.

Answer : —

1. Strain rosettes are used for strain measurement in complex machine
element.

2. When strain gets developed in more than one Ehma.:ou and the specimey,
surface is open or free, strain measurement 1s done by strain rosettes

3. It has three or four grids with various angular positions.

4. 'This gauge is bonded to test specimen which may be subjected to tensile
or compressive loads.

5. When the member is stressed axially, then strain induced is calculateq
by the given formula :

o= cE
‘Where, o = Stress,
€ = Strain, and
E = Modulus of elasticity.

6. When any machine part is stressed in only one direction then it also has
a lateral strain along with axial strain.

7. There are three types of strain gauge rosettes :
i Rectangular rosette,
ii. Deltarosette, and
ili. T-deltarosette,

Que 4.15. | What are the various types of load cell used in force
measurement 7

Answer.

Various Q.bmm of load cell used in force measurement are as follows:
i. Hydraulic Load Cell :

In hydraulic load cell the force is subjected on the diaphragm which
deflects and the force is transferred to liquid.

The liquid is contained in confined space when the force applied 0B

diaphragm liquid pressure is increased and equal to the applied force
divided by effective area of diaphragm.

The pressure gauge can also be directly calibrated in units of force.

(Sem-1 & 2)
4-16 H Measurements & Control System

i pPneumatic Load Cell :

is based on the force balance prine:
1 Itis . € principle. It consists of a chamber and
nozzle flap mou”mo,.. i_.wsw covered with elastic diaphragm,
2. When pressurized air is supplied through a pipe,

s it defl
between nozzle and diaphragm decreases while pressure Fm»_wﬂw nm%hnmﬁw
increases.

3. [Its pressure is indicated by the height of mercury in w.EmboEm»m«.
.  Strain Gauge Load Cell :

1. 'These gowmnm:manmﬂﬁmwagmwbgm_mnﬁlﬁ outputs which are provided
by strain gauge.

9. It consists of asteel cylinder having four identical strain gauge mounted
upon it.

3. Its output is connected to various measuring instruments for indicating,
recording and controlling the weight of force.

4. Strain gauges are directly applied to force developing device and the
device is calibrated against strain gauge output.
iv. Piezoelectric Load Cell:

1. Piezoelectric load cells works on the principle of piezoelectric effect
which can be stated as “certain materials can generate an electrical
change when subjected to mechanical strain or vice-verse”.

2. Piezoelectric load cells employ piezoelectric transducers are useful .mau.
measuring dynamic loading, especially of an impact or abruptly applied
nature.

3. The transducer produces an electrostatic charge, which is generally
conditioned through use of a charge amplifier.

4. Desirable qualities include wide ranges o.n, ﬂouﬁnw.ucm&u agiven umt,
excellent frequency response, great stiffness, high resolution, and
relatively small size.

5.  When a quartz master crystalis sliced to pro mc_wm qmbmn_ﬁnma elements,
the selection of slicing planes yields elements with different vuoﬁm.l...mm.

6. Slices may be taken to produce elements selectively sensitive to tension-
compression, shear, or bending. L

; istics, piezoelectnc
T By taking advantage of thess nymamnwmnm%am tions of orthogonal load
may be designed that provide various com inatl
and/or torque outputs.

Que 4.16. | Write short note on followings :

m.. Elastic force transducer, and
. LVDT force transducer.

B
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3.

=

Elastic Force Transducer :

It is based on the principle that every elastic material has 5

deflection for a particular load (within its elastic limit).

By measuring the deflection for elastic material we can easily get the

value of corresponding load or force.

Consider an axially loaded elastic element as shown in F§

the action of force F, it undergoes deflection of FL/AE,
F

4

wwﬂﬁaEE.

8.4.16.1, unde

Area of
L cross-section A
Young's modulus ¥
F T= mw
- Fig. 4.16.1. Axially loaded member.
LVDT Force Transducer : o

It can be'used for static as well as dynamic force measurement,

LVDT can be used together with elastic elements such as diaphragm to
produce LVDT force transducer. The extended core of LVDT s fixed to
the diaphragm as shown in Fig. 4.16.2.

When some force acts on the elastic diaphragm, it gets deflected and in
turn moves the core of LVDT thereby producing some output voltage €

F

4 ¥
= —
5,
Primary Secondary
coil coil
Fig, 4162, LVDT for transducer:

Wuﬁ.w—«s\ Explain in detaj] Prony by
_.u a.ﬁﬁén—aﬂ» with neat sketch,

ake A—EQBQ&G-. for torque

Pulley 1

Fig. 4.17.1. Prony brake dynamometer.

2. The pulley is keyed to the shaft of the engine whose power has to be
measured.

3. The wooden blocks are clamped by two nuts and bolts.
Ahelical spring is placed between the nut and the upper wooden block
in order to adjust the pressure on the pulley and hence control its speed.

The upper block also has a long lever attached to it which carries a load
L atits outer end.

A counter weight is placed on the other end of lever to balance the brake
when unloaded.
7. The stops limit the motion of the lever.

i the lever is
To measure shaft power using prony wnwwm dynamometer, r
loaded with suitable load L and nuts smrﬁnmm mﬁnr that nro.mmem
shaft runs at a constant speed and the leverisin horizontal position.
Under such working condition, moment due to load L Emﬁom“ _H_”MHMWM
due to frictional resistances force F between wooden blo
pulley. .
1 Hence, torque (T) on the shaft is given by relation

T=Lxx= Fxr -

11. Work done in 1 revolution nmﬁ..B:m x Angle turn
= ﬂ‘ X am

12, Work done per minute = T x 2nNV

i

Ty St
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Where, N is the shaft speed in rpm.
13. Power transmitted by the engine shaft,
Work done T x 2N
P= - =
Time 60

watts.

PART-2

Concept of Accuracy, Precision and Resolution,
Basic Numerical Problems.

’ Questions-Answers

ﬂ’ Long Answer Type and Medium Answer Type Questions

Que 4.18. — Define accuracy, precision and resolution,

i. Accuracy:

1. Accuracy is defined as degree of closeness of the output to the true
value of measured quantity.

It is specified as percentage deviation or ,Emnnﬁmnu.« in measurement
from true value of measured quantity.

Percentage accuracy = Measured value — True value <100
True value

Precision :

=

It is defined as the ability to reproduce the same output repeatedly for
the same input.

If a Vernier is used to measure the width of a bar and it produces same
output then it is said to have high precision.

It may be a fact that an instrument have high precision but have low
accuracy.

iii. Resolution :

wm.w&:mow wm the ability of the measurement system to detect and
- ult. ¥ e & s in the characteristic of the measurement
result. ngs

It is the ratio between the maximum signal measured to the smallest
part that can be resolved usually

. -to-digital (A/D)
converter. with an analog-to-digital (

Que 4.19. | What is the difference between precision and accuracy ?
acy

E Precision e
racy
Py
1. | It represents degree of | It represent
Eyep s th

repeatability of several no:.mnnummmo:wmﬁmmmﬂmmmﬂﬂ_mm
Emmvmﬂnmmﬁ measurements | with respect to the true value. |
of the desired input at the .

same reference conditions,

It depends on random errors.

It depends on systematic errors,

Itis nm._ﬁaw..mn by statistical | It is determined by pro uﬂ_
analysis. calibration of the instrument,

§ Target @

High precision

High accuracy

Que 4.20. _ For a platinum resistance thermometer, the resistance

at 22 °C is 130 O and the resistance coefficient for temperature for

wire is 0.004 ©/Q °C. Find the resistance at 40 °C and temperature at
which resistance will 8.5 Q.

Answer

Given:R =130 Q, T, =22 °C = 295 K, a =0.004 Q/Q°C
ToFind: i Resistance at40°C.
ii. Temperature at 8.5 Q.

L We _.nbos.q that, .
R=R,[1+a(T-Tyl ..(4.20.1)
At T =40 °C =313K,
R = 130 [1 + 0.004(313 — 295)]
=130 [1 + 0.072]
2 R=139.36Q.

WhenR=850Q,
From eq. (4.20.1),
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gmm.m__._..n.
8.5 = 130 [1 + 0.004(T — 295)] €ents & Control System

0.065 = 1 + 0.004(T" - 295) % Define the following o—
or T=6125K=-21175°C. , B St
. L]
; § T
, | A strain gauge is bounded to a 0.2 m long workpie ;5. Fits, and

that has a cross-sectional area of 6 ecm? and E = 2190 GN/m2 " Tolerance.
unstrained resistance is 240 Q and GF = 2.2. When load is g and .
the resistance of this plate changes by 0.013 Q. Calculate the Pplieq
in length and the force applied. change

- The minimum size is called | : o
Given:L=02m,A=6cm?=6x10°mm? R=240Q, E =219 GN/m?2 > Limit. ower limit and maximum size is called upper
GF =22, AR=0.013Q ii. Fits:
To Find: i Changeinlength 1. During assembly of two matin
; g parts, th i -
ii. Force applied looseness between them. The degree of %Mnﬁmmmﬂﬂww;ron tightness or
: . them is termed as fits. OngeOEss betwien
1. We know that, Gauge factor . 9. There are three types of fits as follows :
GF = AR/R . i. Clearance fit,
AL/ L ii. Interference fit, and
2.9 = (0.013/240) iii. Transition fit. 4
' (AL/0.2) jii. Tolerance :
o AL = 4.92 x 10-8m = 0.0049 mm 1. Itis defined as the difference between the high and low limits of size.
2. Stressisgivenas, o=Ee 2. There are two types of tolerances as follows :
or W = ﬁmu i, Unilateral tolerance, and
4 L ii. Bilateral tolerance.
AL |
P=EA ﬁlwl\lw Que 4.23. — Discuss various types of fits with neat sketches.
wnmsxsmxmx%xﬁ%ﬁu Answer _ !
X ¢
. f follows : i
P - 3087N . Types of fits m._.a as .w_
- L  Clearance Fit: : o i
g . 1. In thi i ermissible shaft diameter is smaller than the i
¢ Lt <. E_.ugmgmcwﬂmsamuﬁmm&mw“%uﬁ of hole, so that the shaft can rotate or slide in
. System of Geometric Limit, Fit, Tolerance and Gauges, the hole. ) 4
Basic Numerical Problems. . 2. Example : Shaft rotating in a bearing. _
*w ]
Questions-Answers E |
Long Answer Type and Medium Answer Type Questions

Fig. 4.23.1. Cleatance Bt !
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ii. Interference Fit: . .

ii MM this the minimum permissible shaft diameter is larger thap the
. maximum allowable diameter of the hole.
2

Example : Bearing bushes in their housing and smaller end of co

Nnecting
rod in engine.

[
[T

Fig. 4.23.2. Interference fit.

iii. Transition Fit :

L

In this the diameter of the maximum allowable hole is larger than that
of the smaller limit of shaft but the smaller limit of hole js smaller thap
the largest limit of shaft.

Example : Coupling rings and recesses.

I

9
L 1]

Fig. 4.23.3. Transition fit.

Que 4.24. _ Explain briefly basis of fits or limit system.

ey

3.

Basis of fits or limit system are as follows -
Hole Based System :

In the hole based system, the size of hole is kept constant and different
types of fits are obtained by varying the size of the shaft.

Refer Fig, 4.24.1(a) in this system, lower deviation of hole is zero.
The upper limit of the hole and upper and lower limit of shaft can be
varied to get the desired type of fit.

Shaft Based System :

In this system, the diameter

of shaft is kept constant and different fits
are obtained by varying the

size of hole.

mmmmnﬁm.ﬁ.wp.:w:wwm system, the upper deviation of shaft is zero.
Various fits can be obta:

ined varying the lower limit of shaft and lower
and upper limit of hole.

—_

=
Sl

Fig. 4.24.1. (a) Hole based system, (b) Shaft based system.

l@\ﬂ\m#\&mﬂ_ Write short notes on followings :
;, Slip gauge

m.w. »P.ﬂ.n—ﬂ gauge.

Tawer |

i, Slip Gauge:

This is a rectangular block made up of hardened steel with two opposite
. faces separated by defined distance.

9. These are available in varying ,Ea_nn_mmm and faces are flat and finished.
3. Slip gauges have been divided into five grades as:

i.  Reference grade

i. Calibration grade

iii. Ograde

iv. Igrade

v. Ilgrade
ii. Angle Gauge:
It is made up of hardened steel and this gauge can be combined to form
various angular dimensions.

Their sizes are available from 76 mm length to 16 mm wide and faces are
machined and lapped to form precise angle.

They are available in sets of thirteen gauges which are as follows :
1%,3°,9°,27°,41°, 1, 3,9, 27, 3",6", 18" and 30".

Que 4.26, _ Explain the Taylor’s principle of gauge design. Define
ring gauge and plug gauge,

bﬂmaqan
A

3.

4 i lor, ‘Go’ gauge
Taylor’s Principle of Gauge Design: %m_.mﬁm:ﬁ M.ww o e’ 9196
corresponds to maximum metal mmnn_:_on
corresponds to minimum metal condition.
. For shafis : o G brine
‘Go’ ring gauge provides maximum sﬂﬁﬁ,m “
gauge corresponds to minimum meta
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2. Itissaid that the shaft is within the specified limits if it cannot
Go’ ring but can pass through ‘Go’ ring gauge.

mﬂﬂmﬂ ja
For holes :

1. ‘Go’ plug gauge provides minimum metal limit of hole and .Za.mo.
provides the maximum metal limit of hole. Plug

2. Itissaid that hole is manufactured within the prescribed limits
‘No Go’ gauge cannot enter the hole but ‘Go’ plug gauge . Wthe
through the hole. N pasy
B. Plug Gauge : _
1. This gauge is an accurate cylinder used as an i t . |
control of holes. internal gauge for Size _
2.

It has a handle for holding and made in a variety of style.
3. These gauges may be single or double

{

i
4 A\l

Socket under test Flug gauge

end.

Face of large end of
the internal taper

Ring marks spaced
distance ‘2’ apart

mmn_..?na.u.dmmﬁﬂm.ﬂmﬂmﬂaﬁmcﬂwﬂwiﬁp!ﬂu plug gauge.
Ring Gauge :

s

It is used for outside diameter and is used in pairs a ‘Go’ and ‘No Gy,

.H.rmﬂamm:m.mogﬂnmwﬁoﬁ&mScuemﬂtu&nowm#mhﬁgm ‘No Go’ ring
gauge corresponds to lower limit of shaft diameter.

Shank under test

A
Ring gauge

(According to type of taper)
Fig. 4.26.2. Testing taper with ring gauge.

It can be defined as a tool which measure or compare a component.

The sensitivity of this instrument which have fixed dimension is used {0

determine whether the size of some component exceed or less than the
size of gauge.

4.

ii.
1.

2.

3.

N

O—Dmummnwemcﬂ of Gauges :
Snap Amﬂﬁﬂ@ H

1t is used for measuring plain externa) dimension
1t consists of a U-shaped frame havip

: 8 Jaw equipped with suitabl
uging surface. Mostly gauges are provi : s able
mwwrunm in a single jaw. provided with the ‘Go’ and ‘No Go'

This gauge has been selected becaus
advantages of similar gauge.

It is easily adjustable, rigid

e it incorporates most of the

»Tapid and light weight.

No Go type

Coloured red

Actual value of deviation
for the workpiece
Class of tolerance

Nominal size

Go type

Fig. 4.27.1. ‘Go’ and ‘No Go’ snap gauges for
sizes over 3 mm and upto 100 mm,
Universal Surface Gauge :

It is used for non-precision measurement and is used for surface
measurement.

It consists of scriber, spindle and universal clamp. Spindle carries a
scriber in a universal clamp attached.

The scriber used for scribing lines can be set at position by serew. It is
also used for centering of machine.

Straight end used
Rt for scribing lines
parallel to datum
Inclination of post _
is adjustable
Rocket arm is adjus
Fine adjusting Spindle nut

sCrew

N —

Fig. 4.27.2. Universal surface gauge.
% it-4.
i. Ring Gauge : Refer Q. 4.26, Page 4-24H, ma”.a
iv, Plug Gauge : Refer Q. 4.26, Page 4-94H, Unit-4.

Base with a surface plate .._.
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Que 4.28. | Determine the dimensions and tolerance

hole having size of 30 H7/A8 fit. Also find the allow.
clearance) and maximum clear

ance,
Answer _

Given : Shaft and hole size 30H7/h8.
ToFind: i Dimensions.

i.. Tolerances of shaft and hole.
ii. Allowance,

iv. Maximum clearance,

S of shaf; ang
ance AEEE:E

m‘onwc_mﬁqmbnmrmm h8, the fundamental deviation is zerq,
As 30 mm lies in the range of 18 and 30 mm,

D= [18x30 =239 mm

Value of i = 0.45 (3D) + 0.001 D

=045 & 23.2)+0.001 x 239 microns
= 0.45 x 2.855 + 0.023 =1.308 microns
=16i=16x 1.308 microns

16 x1.308
= —————mm=0.0020928 ~ 0,002
1000 I

Minimum size of hole = 30.0000 mm
Maximum size of hole = 30.0021 mm
Maximum size of shaft = 30.0000 mm
Value of ITS for shaft = 25 j = 25x1.308 ==
Minimum size of shaft = 30.0000 - 0.0033 =
Allowance or minimum clearance

Value of IT7

32.7 microns = 0.0033 mra
29.9967 mm

= Minimum size of hole

= 30.0000 - 30.0000 = 0
Maximum clearance =

Maximum size of shaft

Maximum size of hole — Minimum size of shaft
= 30.0021-29.9967 = 0.0054 mm,

Control System Concepts : Introduction to Control Systems,
Elements of control System, Basic of Open
and Closed Loop Control with Example.

(Sem-1&2)
4288
\1...1.1...lI||II

gmgﬁmsmnﬂw & Control System

Que 4.29. | What do you mean by control system 2
the elements of control system,

Answer _

A. Control System :

1. Itisthat mean by which any
or other equipment is
manner.

2. Consider, for example, the driving system of an automaobile.
3. Speed of the automobile is a function of the positinn of

Also write down

quantity of interestin a machine, mechanism
maintained or altered in accordance with a desired

its accelerator.
Rate of fuel flow

Output (controlled)
k Engine _ variable speed

vehicle ﬂ -

Input (command)
signal
force

Accelerator
pedal, linkages
and carburettor

Fig. 429.1.

The desired speed can be maintained by controlling pressure on the
accelerator pedal.

4,

This automobile driving system constitutes a control system.

Elements of Control System : Elements of a control system are as
follows :

Controlled variable,
Indirectly controlled variable,
Command,

Reference input,

Actuating signal,
Disturbance, and

System error.
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0..-.5?«? _ va_nFavms_s_ugm&%&?ouooﬂﬂd_mwugﬂ with
the help of suitable examples.

A. Open loop control system :

1. The open loop control system is also known as control system withoyt
feedback or non-feedback control system.

2. In open loop systems the control action is independent of the desireq
output.

3. Inthis system the output is not compared with the reference inpyg,

4. The component of the open loop systems are controller and controlleq
process. :

Controlled
Input —| Controller - chommm — Output
Fig4.304,

i. Examples:

1 Automatic washing machine

2. Immersionrod

3. Afield control DC motor.

B. Closed loop control system :

1. Closed loop control system is also known as feedback control system,

2. In closed loop control system the control action is dependent on the
desired output. ]

3. Any system having one or more feedback paths forms a closed loop
system. In closed loop systems the output is compared with the reference
input and error signal is produced.

4. The error signal is fed to the controller to reduce the error and desired
output is obtained.

Error signal
Reference ) \ Controlled
input < output
Fig. 4302,

i Examples:

1. Air conditioners,

2. Autopilot aeroplane, and

3.  Eleetriciron.

. . | Compare the open |
ﬁ@ % pe 00p a.uH.ﬂ—.O.— 8ystem and nuﬂwmﬁ ..O_ﬂ‘
..uonﬂs_ system.
s.No. Opttieop Closed loop
1. | Feedback is not present. So Feedback is present, S
any change in output hasno | ig output mm.m.nw Mﬁﬁo changes
effect on the input. '
9. | Itis not much accurate. It isvery accurate.
3. | It is very sensitive to errors | Less sensitive to errors and |
and disturbances, disturbances,
4. | It has small bandwidth. It haslarge bandwidth.
5. | Simple in construction and is | Complicated in design and costly.
cheap.
6. | Highly affected by non- | Lessaffected by non-linearity.
linearity. _
7. | Examples : Washing | Examples : Electric iron,
machine, traffic signal. automatic gear.

©00

s
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Fﬁgmz&oa to Mechatronics

LPART ]

Tonies : Eyolyti
Disadvantages of Mechatronj, ; «Mm. Scope, Advantages qnq

ustri; L
of Mechatrone, al Applications

Introduction to Mechat

9=mmmau?§aum
B o b

3 —
Long Answer Type and Medium Answer Type Guestions |
|I|I.I||||I|l| =
\Dﬂo\mh.||_ What do you understang by mechatro

evolution level of mechatronics,

ga—.. _
A, Mechatronics :
i 2

The interdisciplinary field of e
products whose function rel;
mechanical and electronic ¢
architecture.

nic ? Give the

ngineering dealing with the design of
es on the synergistic integration of
omponents coordinated by a contro)
Mechatronics involves a number of technologies such as :

i, Mechanical engineering,

il. Electronic enginezting,

iii. Electrical engineering, and
iv. Computer technology.

Evolution Levels of Mechatronics : Evolution levels of mechatronics
are as follows :

Primary Level Mechatronics :

This level incorporates input and output devices such as sensors, and

actuators that integrate electrical signals with mechanical action at
the basic control level.

Examples : Electrically controlled fluid valves and relays.
Secondary Level Mechat-onics : _
This level integrates microelectronicsinto electrically controlled devices.
Example : Cassette player.

+ Third Level Mechatronics :

This level incorporates advanced m_mm&umow ?nomﬂmﬁwﬂo MMH.MHM
strategy thereby enhancing the quality in terms of sophis
Smart system.
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2. Examples : Control of electrical motor used to activate industrial robots,
hard disk, CD drives, automatic washing machines.

iv. Fourth Level Mechatronics : .

L Thislevel incorporates intelligent control in mechatronic system,

2. It introduces intelligence and fault detection and isolation (FDJ)
capability system.

Que52. | Enlist the features/characteristics of mechatronics

Features/characteristics of mechatronics system are as follows :
High quality product.

Safe.

Low cost.

Portable.

Produced quickly.

Serviceability, maintainability and upgradability.

o oW N

bﬂw«mawm What are the objectives and scope of mechatronics ?

. OEM&..?% of Mechatronics :

To improve products and processes.

To develop novel mechanisms.

To design new products.

To create new technology using novel concepts.
. Scope of Mechatronics:

Better design of product.

Better process planning.

Reliable and quality-oriented manufacturing.
Intelligent process control.

A
L
2.
3.
4.
B
L
2.
3.
4

&ﬂom&, Mention advantages, disadvantages and applications
of mechatronics.

Answer |

rogets i R

A, Advantages of Mechatronics :

1. The products produced are cost effective and of very good quality:

Introduction to Mechatronics
The performance characteristicg of

’ whicirare otherwise very difficult S_me_mmﬁeuma Products E_m such
conBingST eve without the synergistic
3 High degree of flexibility,

4 A mechatronics product can be better than just sum of it
5. Greater extent of machine utilization, its parts.

B. Disadvantages of Mechatronics :

#mmouﬁm:m?wﬁogauaumsamnﬂ. .
1. system. tronics approach to an existing/old

g, Imperativeto rmqmgae_mnmmommﬁm_.ma.. .
and implementation. engineering fields for design

@

Specific m:.o._u—mEm?wdﬁ.?:mwﬁﬁmaai:w
separately and properly. : ave to be addressed

High initial cost of the system.
Applications of Mechatronics :
Automotive mechanics.

(= =

Fax and photocopier mechanics.

Air conditioners, elevator controls.

Flexible manufacturing systems.

Integrated circuits manufacturing systems.
Robotics employed in welding, nuclear inspection etc.

o ;o

ﬁﬁa | Write a short note on use of mechatronics in industries.

Give examples of mechatronics systems.

A Use of Mechatronics in Industries : o

1. Mechatronic products have become increasingly dominant in ﬁo_.m
aspect of commercial market place as technologies, electronics, &
computers continue to be developed. chatronic products are in

2. Presently major commercial markets for mechatronic proct®
the form of automobiles, aeron autical mumﬁmuw mbmgognawmqw”ﬂ”

3. The automobile industry has been the majer oo o ot
technology during the recent ducaics

4. Another commercial applicatio of mechatron
biological sciences.

5. Aircraft and rocket technologies ar€ the

. " growing rapidly: ) o
6 mechatronic mwm,mﬁmrﬁwﬁ ﬂ?@ athe  automobile engineering

Advancements in mechatronics  recring, have given rise Wo
i i A {opi ctively.
wwﬂ%mﬂnrﬂmwcwmmﬂhuﬂqmm autotronics, bioncs: and avionics respe

jcsis in biomedical and

other areas where the use of




Fundamentals of Mechanical Engg. & Mechatronics

B.

a

porEP RN

iv.
1.
B

Examples of Mechatronics Systems : Examples of mech
systems are as follows :

Home Appliances :
Washing machines, and
Bread machines.
Automobiles :

Electrical fuel injection, and
Antilock brake system.
Aircraft :

Flight control, and
Navigation system.
Automated Manufacturing :
Robots, and

Numerically controlled (NC) machine tools.

(PART 2]

Introduction to Autotronics, Bionics ma&
Avionics and their Applications.

m..__..u.oaa 8

[ Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 5.6. _ Explain the term autotronies. Give the application of
autotronics in automobiles.

==

A
52

Autotronies :

Autotronics can be defined as the combination of automobile and
electronics or we can say that the use of electronic science in automobile
vehicle is called autotronics.

The use of electronics in the automobile fiel

d makes the system safe,
improved and efficient,

It helps to improve overall automobile system. In a vehicle almost all
significant parts are featured with electronic items.

In the autotronic systems the use of control units like sensors, motors
and digital equipment establishes a communicatizig hetween the various
essential system and components of the vehicle.

%F/f 2ATO0Uctionto Mg
# The w_uv:nmemoh. area o.*. autotronicg ig ¢mi
# 5. engine .nosz.o—_Em unit, wumﬂmﬂmmm_oy and mﬁmﬁm. g *ystem,
the main phases where autotronics jg used, e vehicle are
9 E.uunumenu of Autotronics jpn Automobijeg
_ " Manifold control pressure sensor,
_ M. Air flow control,
. E xhaust gas analysis and contro],
L Cr ankshaft position control,
_,_ m“ Fuel pump pressure and fuel injection contro],
_ . Transmission force and pressure control,
7 Engine knocking detection for high power output, and
g Seat control for passenger comfort.

Qﬁ«%ﬂ. '| What do you mean by bionicg ? Explain bionies with s

example.

A
L

2.

Answer

Bionics :

Itis the application of biological methods and systems found in nature to
study and design of engineering systems and modern technology.
Examples of bionic in engineering include the hulls of boats imitating
the thick skin of dolphins, sonar, radar and medical ultrasound imaging
imitating animal echolocation.

The study of bionics often emphasizes implementing a function found in
nature rather than imitating biological structures.

Bionics also means the replacement or enhancement of organs or other
body parts by mechanical visions in medicine.

Molecular Motors :

Molecular motors are proteins or protein complexes that transform
chemical energy into mechanical energy at a molecular level scale.
These are responsible for producing and transducing the mm.ma“”_”“m
in ATP, which is the common energy currency of the body for powering
every process and action. —_—
The sodium / potassium, called ATP molecule, actually acts asa
motor

) ivot and the
A critical amount of the nanostructure rotates ﬁ:ﬂ mu ﬂ“.M e
outside part of the nanostructure reacts differently
Eroup around the periphery- N
This rotary motor is one of the several mo

B les
that are now understood to play important o
of a cel],

ar motor mechanisms
eh.__u%maaai biology
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Molecular motors also allow us to manage the availability of the differeng
components of the cell as they move about within the cellular structure
Kinesin is a nanoscale molecular motor that carries molecular ¢

through the cell by moving along nanoscale tracks, called Ewnﬂoﬁwmw“
within the cell. ’

Molecular motion is also responsible for signal transduction in the humap
ear. Molecular motion may provide acceleration and motional ene

T
for both artificial nanostructures within the body and in more naEEMH
nanostructure assemblies.

ﬁfoﬂ.ﬁ. - | Define avionics ? Give the major applications of avionics,

A

Avionics :

Avionics can be defined as the combination of electronics and aviation.

Avionic systems include communications, navigation, the display and
management of multiple systems.

It helps in reduction of kerosene consumption, maintenance cost, etc,
Applications of Avionics :

Avionics systems are generally used on aircraft, artificial satellite and
spacecraft.

The application of avionics also includes the areas of military aviation,
radar, sonar, etc.

It includes control, monitoring, communication, navigation, weather

and anti-collisions systems in an aircraft. The cockpit of an aircraft is
such an example.

PART-3

Sensors and Transducer : Types of Sensors, Types of
Transducers and their Characteristics.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

ﬁm—b% n.\ Define sensors. Discuss various types of sensors along

with their applications, advantages and limitations.

iii,

value of the process variable anq e

non&nmos. or state.

Types of Sensors : Various types of —_—
ermal mmﬂmc-.u. : These measure "

Mﬂu coldness that is generated by ay acwmgaga

are as follgwg -

of heat energy or

Ct or system,
Advantages :
1. High sensitivity allows them to wor)

Highs well over smal) temperature

9. Low cost.

pisadvantages :

1. Non linearity.

9. Least stability.
Applications:

1. Industrial, factory automation,
2. Down hole drilling.

Motion Sensors : The term motion sensor can be used to any kind of

sensing system which is used to detect motion. These are also called
motion detector.

Advantages :
L

It can measure movement upto 8 meters.
2

Data can be exported to other programs.
Disadvantages :

5
2.

Expensive.

Requires technical knowledge.
Applications :
1.

Used in mine explosive and rockets launcher.
2,

These are used in security systems as triggers for automatic lights.

Force Sensors : These are used to measure force by the measurement
of displacement.

g{nﬂnﬂﬁ@m :
1

High accuracy.
2,

Good shock resistance.
Pwmﬁdu&huﬁﬂm :
i

" Dynamic sensing only-

.H.mnﬁmumﬁﬁ.m sensitive.
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Applications :
1 In control system when motion feedback is employed.
9. Inprocess testing, monitoring and diagnostics applications,

Speed Sensor: It isatype of tachometer. Tachometer is an instrument
which either continuously indicates the value of rotary speed o

continuously displays a reading of average speed over rapidly operateq
short-intervals of time.

Advantages :

1 The maintenance requirement are negligible, there are ng
mechanical surfaces. .

2. Output voltage is linearly proportional to velocity.
Disadvantages :

1. The frequency response is usually limited and is stated.
9. Not useful for measurement of vibrations.
Applications :

1. To measure the rotating speed of shaft.

2. To estimate traffic speed.

Que 5.10. — Discuss in brief, the static performance characteristics
of a sensor.

=

1

iii.

The static characteristics are the values given when steady state
conditions oceur, i.e., the values given when the transducer has settled
down after having received some input.

The following terms are used to define the static performance
characteristics of sensors :

Range and Span :

1. The range of a transducer defines the limits between which the
input can vary.

9. The span is the maximum value of the input minus the minimum
value.

3. Thus, for example, a load cell for the measurement of forces might
have a range of 0 to 50 kN and a span of 50 kN.
Error:

1 Itisthe difference between the result of the measurement and the
true value of the quantity being measured.
Error = Measured value — True value.
Accuracy :

1. It is the extent to which the value indicated by a measurement
system might be wrong.

e e |r|f[-||jﬂl§5

g, Itisthusthe summation of 4 the possib] i
occur, as well ag the accuracy g sible errors

calibrated. which the

Sensitivity :

L ltis the nm_wzobmrmwmﬂ&am?
input, i.e., output/input,

9. For example, a resistance therm
0.5 Q" °C. Ometer may have a sensitivity of

" Repeatability / Reproducibility ;
1. The terms repeatability and ibili
used to describe its ability ﬂcﬂmﬁdaaua&_:@ of a transducer are

A ive t ¢
applications of the sameingut mw_nm he same output for repeated

9. The error resulting from the same oyt :
ications i put not being given with
repeated applications is u gl
Ik rutbuit sually expressed as a percent age of this

that are likely to
transducer has been

jve

ghow much output there is per unit

Repeatability = 22X~ min. values given
Full range

«100
vi. Stability :
1. The stability of a transducer is its ability to give the same output

when used to measure a constant input over a period of time.

vii. Dead Band / Time :
1. The dead band or dead space of a transducer is the range of input
values for which there is no output.

2. For example, bearing friction in a flow meter using a rotor might

mean that there is no output until the input has reached a particular
velocity threshold.

3. The dead time is the length of time from the application of an input
until the output begins to respond and change.

Que 5.11. | Give definition of a transducer. What are the
characteristics of transducer ?

Answer |

A Transducer: .

L Ttisa sensing device which converts physical quantity into electrical
quantity.

In other words, transducer is a device which converts the energy from
one form to another such as electrical energy into .Emn.nwEn& energy
and non-electrical physical quantity into electrical signal.
Characteristics of Transducer : .

Transducers are small sized and light in weight-

—
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Transducers are reliable.

Transducers are highly sensitive,

They can withstand wide range of environmental conditions

Transducers have a linear relationship between input and output
They also have low cost.

Que 5.12. _ Classify transducers.

o]

DA e

Transducer
: —
On the cwmmm Primary and Analog and digital Transducer an d
of transduction secondary transducer inverse
transducer transducer
* 44 Active and passive
Resistive | Capacitive transducer
Inductive
i. Classification based on the Principle of Transduction :
1. The transducer is classified by the transduction medium.
2.

The transduction medium may be resistive, inductive or capacitive
depends on the conversion process that how input transducer converts
the input signal into resistance, inductance and capacitance respectively.
Primary and Secondary Transducer :

"

a. Primary transducer :
1,

2

The transducer consists of mechanical as well as the electrical devices.

The mechanical devices of the transducer change the physical input
quantities into a mechanical signal. This mechanical device is known as
the primary transducers;

b. Secondary transducer :

1 sesendary transducer converts the mechanical signal into an

electrical signal.

2. The magnitude of the output signal depends on the input mechanical

signal.
iii. Passive and Active Transducer:
a. Passive transducer :
1.

The transducer which requires the power from an external supply source
is known as the passive transducer.

9. They are also known as the external power transducer.

6~

3.

b

12H (Sem-1 & 2)

\\\\.\111.I.|k’||.lll.|.lll|

The capacitive, resistive and ing,, ot
the passive transducer.

v
e :.»E_nﬁm_.m are the example of
Active transducer :

The transducer which does not
known as the active transdycer. eauire the externa] POWer source is

Such type of transducer develops the;

s irs
known as a self-generating transducer

The output signal is obtained from the physical ; .
Analog and Digital Transducer, " "Pit quantity
Analog transducer :

The analog transducer changes the inpyt
function.

The strain gauge, H.d.U.H__ .G...mEono:Em and ] .

of the analog transducer. hermistor are the examples
Digital transducer : These transducers cony
a digital signal or in the form of the pulse.
high or low power.

Transducer and Inverse Transducer :

Transducer : The device which converts the non-electrical quantity
into an electric quantity is known as the transducer.

Inverse transducer : The transducer which converts the electric
quantity into a physical quantity, such type of transducers is known as

the inverse transducer. The transducer has high electrical input and
low non-electrical output.

Fﬁoncn:ou to Mechatronies

0¥ns voltage or current, hence

quantity into a continuous

ert an input quantity into
The digital signals work on

Overview of Mechanical Actuation System ; I -ematic Chains, Cam,

. Train Ratchet Mechanism, Gears and its Type, Belt, Bearing.

I

CONCEPT OUTLINE |

—
Kinematic Chain ; It refers to an assembly a@?amﬂﬁmﬂ __
by joints to provide constrained motion that is the ma y

model for a mechanical system. ,

i or

Ratchet : It is mechanical device spwﬂ.a_aam aaﬂw_wcn””w w“m:ﬂwo _
rotary motion in only one direction while prever

opposite direction.

Answer Type Questions

—
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Que 5.13. _ What do you mean the chain and chain drive ?

Answer _

A Chain : A chain consists of links connected by
articulation or flexibility of the chain.
B. Chain drive:

joints which provide for

-

A chain drive consists of two sprockets and chain,

Chain drives, or transmissions, with several driven sprockets are alsg
employed.

wma@mm. the enumerated components, chain drives may also include
tensioning devices, lubricating devices and guards,

Example : The drive mechanism used in a bicycle.

Chain -1

Sprocket

Fig. 5.13.1. Chain drive.
Sue 5.14. _ Define cam. Explain its different types.

Answer _
A, Cam:
3

4 cam is a mechanical member used to impart desired motion to a
follower by direct contact.

2. It may be rotating or reciprocating.

B. Types of Cams:

i. Radial or Disc Cams :

A cam in which the follower moves radially from the center of rotation
of the cam is known as a radial or a disc cam (Fig. 5.14.1(a) and (b)).

Radial cams are very popular due to their simplicity and compactness.

1.

1. Aspiral camis aface in which a groove is cut in the fo
= m.—.—og in .mJ._.m. m. H.A:N.

< gpiral Cams :

rm of a spiral as

Hig. 5142, 1 o i gear follower.
The spiral groove consists of teeth which mesh witha M“m m_HM = cotion
The use of such a cam s limited as the camhas toTev
to reset the position of the follower.

i which has a
Cylindrical Cams : In cylindrical cam, wnhﬁhﬂﬁwﬁ its axis.
circumferential contour cut in the surface, T

Conjugate Cams : +<cs being keyed together

A conj : is a double-disc cam the i %ﬂ.w follower (Fig. 5.14.3).
nmu._cmmg nmum is MSc ch with the two rollers 0 :

and are in constan

R ﬂmw_.E.bﬁ.
Thus, the follower has positive «©
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2. Such a type of cam is preferred when the requirement ar
less noise, better control of the follower, high speed EMMmMm imn.n.
loads, etc. d Yhamje
Cam disc (2) ,'
- Follower
26T N\
+~ Conjugate W\
Cam disc (1)

Globodial Cams :

A mwcva&m_ cam can have two types of surfaces, convex or concave.

nbo nm”MEMmﬂmbM._m_ contour is cut on the surface of rotation of the cam
art motion to i i i

ey the follower which has an oscillatory motion

The application of such cams i

s limited to moderate speeds and
the angle of oscillation of the 4 T

follower is large.

\ Concave _

Convex surfacce
surfacce

Spherical Cams :°

In a spherical cam, the follower oscillates about an axis perpendicular
to the axis of rotation of the cam.

A spherical cam is in the form of a spherical surface which transmits
motion to the follower (Fig. 5.14.5).

1
2
3.

Ratchets can be used to lock a mechanism when it
Fig. 5.16.1 shows a ratchet and pawl,

The mechanism consists of a wheel, called
teeth which engage with an arm called 5 p
The arm

is holding a Joag,

ratchet, with saw-gh
awl, Sl

is pivoted and can move back and forth to engage the wheel
The shape of the teeth is such that rotation can occur in only one
direction.

Rotation of the ratchet wheel in a clockwise direction is prevented by
the pawl and can only take place when the pawl is lifted.

The pawlis normally spring loaded to ensure that it automatically engages
with the ratchet teeth.

Thus a winch used to wind up a cable on a drum may have aratchet and
pawl to prevent the cable unwinding from the drum when the handle is

released.
\\
e

Pawl

Ratchet wheel
Fig. 5.15.1. Ratchet and pawl.

T 1s or gears.
Wﬂo,_mhe..,..m Give a brief classification of toothed wheels
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A According to the Position of Axes of the Shafts :

i, Parallel Shaft:

1. Spur gear, and

9 Helical gear and herringbone gear. _ "

ii. Intersecting Shaft : 1 = Number of teeth on pinion

N, = Number of teeth on

1. Bevel gear, and _ " gear

9. Helical bevel gear. o 12 m..s.rm? gear train.
jii. Non Intersecting Shaft : _ p. Advantages a._.u:ﬁ m

1. Spiral gears (or skew bevel gears). | 1. It transmits exact 4&35« ratio,
B. According to Peripheral Velocity of the Gears : _ 9. Itmay Jm used _n._,._ transmit large power.
i. Low Velocity : The gears having velocity less than 3 m/s. H_ 3. Ithas ?m.w_ mmmﬁmn.&..
ii. Medium Velocity : The gears having velocity between 3 to 15 m/s, | 4 Ithas reliable service.
iii. High Velocity : The gears having velocity more than 15 m/s. J 5. Ithas compact layout.
C. According to the Type of Gearing: | C. Disadvantages of Gear Drive :
i. External Gearing : It provides unlike motion to the two wheels. 1. The manufacture of gears requires special tools and equipment. i
ii. Internal Gearing : It provides like motion to the two wheels 2. The mh..HE. in cutting teeth may cause vibrations and noise during

. operation.

iii. Rack and Pinion : It converts the rotary motion to linear motion. ’
D. According to Position of Teeth on the Gear Surface : _ Que 5.18. _ Define belt ? What are the different types of belts and
i Straight, _ | drives ? :

ii. Inclined, and

ii. Curved. .

: A Belt: It is a continuous band of flexible material passing over pulleys
Que 5.17. _ Discuss in brief about gear transmission. Also write to transmit motion from one shaft to another.
down advantages and disadvantages of gear drive. B. Different Types of Belis:
Answer A

_ . Flat Belt : The flat belt has a rectangular cross-section. Such a drive

has an efficiency of about 98 % and produces little noise. They can
A. Gear Transmission :

transmit power over long distances between pulley centres.
1. The use of gears for power transmission in robots is very common. fi. Round Belt : The round belt has a circular cross-section and is used

9 Gears are used to transmit rotary motion from one shaft to another. | with grooved pulleys. . |

This transfer may be between parallel shafts, intersecting shafts, or ifi. V.Belt: V-belts are used with grooved pulleys and are less mm.Emnm |

\ skewed shafts. d than amw belts but a number of them can be used on asingle wheel an |
3. The simplest types of gears are for transmission between parallel shafts _ s0 give a multiple drive. hich fit into _

and are known as ears. i P ; v ing W WA R _

: : spur m s V. Timing Belt : It requires toothed wheels, hav ﬂm sther belts does 00t |
4. Fig. 5.17.1illustrates a simple spur gear train. g

the grooves on the wheels. These belts, HM wwaﬁ. at a constant angular
5. The driving gear, in this case the smaller one, is known as the pinion stretch or slip and consequently transm

o at m:u
te 0 ._v...- w*DA _nw.—mwu — e
_ Y ratio HW& Ww._uamwﬁm~ﬂb 351 w e —.ﬁbd run W

6. This gear train is referred to as a speed reducer. _ or fast speeds.
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® Vv

(i) Flat (ii) Round (i) v
Fig. 5.18.1. Types of belt,
Different Types of Belt Drives :

Light Drives : These are use
upto 10 m/s, as in agricultur

(iv) .“?Emﬂm

Heavy Drives : These are

used to transmit large powers at bel
speeds above 22 m/s, as in compressors and generators. b

Define the term bearing and write down its functionsg,

Bearing : It is a
between two
friction.

mechanical element th

at permits relative motion
parts, such as the shaft and

the housing with minimum

Functions of Bearing : The functio
The bearing ensures free rot
friction.

The bearing supports the shaft or the
position.

ns of bearing are as follows -
ation of the shaft or the axle with minimum

axle and holds it in the correct

The bearing takes up the forces that act on the shaft or the axle and
transmits them to the frame or the foundation.

i

w.mm.n..mb.m may be classified in following ways :
Depending upon the Direction of Load to be supported :

Radial Bearing : In this type of bearing, the main load acts
perpendicular to the axis of rotation of the moving element.

Load Fixed

element 1/’

\\ 7
& 3
., 4
element

‘Fig. 5.20.1. Radial bearing.

w

Thrust gmﬂnw.
Depending upon the Nature of Contact -

Sliding Contact Bearing: In this bearin slidi i
along the mcammnm. of contact between armmrcewwmmﬂwwﬂnwmw e
element. The sliding contact bearing is alg, s

known ag plain bearing,
Fixed element
|
V &

Moving
element

Fig. 5.20.8. Sliding contact bearing.

Rolling Contact Bearing : In this type of bearing, steel balls or E_M__Mm
are interposed between the working surfaces. These bearings are also

known as anti-friction bearing due to less friction imposed on moving
element.

Fixed element Balls or rollers

element

Fig. 5.20.4. Rolling contact bearing:
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. Hydraulic and Pneu matic Actuation Systems : Overview, Pressure
Control Valves, Cylinders, Direction Conirol Valyes.

5-21H (Sem-1 4 9)

—_—

ﬁ CONCEPT OUTLINE
Pressure Control Valves : These valves control the E@»ﬂr&m of
flow medium required by the system. ’

ﬁ |

Questions-Answers

Long Answer Type and Medium Answer Type Questions

;

Que 5.21. | Discuss about hydraulic actuation system.

Answer

1. An actuator where in hydraulic energy is used to import motion is

called hydraulic actuation system. _

2. The principle of hydraulic actuation system is similar to pneumatic
actuation system except that instead of air, fluid such as water or oil
supplies the inlet power. Although the working principle remains the _
same, the structural design varies.

3. Main elements of hydraulic actuation system are : 7
i  Pump.

ii. Pressureregulator. _
iii. Valve.

iv. Distribution system.

v. Basicstructure.

4 These devices utilize pressurized fluid to produce linear motion and
force or rotary motion and torque.

5. Actuation systems are the elements of control systems which are
responsible for transforming the output of a microprocessor or control
system into a controlling action on a machine or device. |

6. Thus, for example, we might have an electrical output from the
controller which has to be transformed into a linear motion to move 2
load.

Que 5.22. | What are the functions of pressure control valve ? Also
classify it on the basis of their primary function.

=

ﬂuﬂﬂ

mp:_unﬁmo.ﬂ of Pressure Contro

To regulate or reduce oil preggyy ; certaj

To unload system pressure, AN portions of the Cireuit

To :H.:w._“ Em.#::cn.._ System pressure a3 , safet |

To assist sequential operation of gty €ty measure,

sontrol. 0TS in a cirey;ji by Pressure

5 To perform any other pressure re] at

' noﬂ._“_—.oﬂ.

B. Classification of Pressure
primary Function : Based on prim

valves are classified as follows :

Pressure relief valve,

Pressure sequencing valve.

Pressure reducing or regulating valye,

Pressure unloading valve,

Pressure brake valve.

1 Valves ;

= e

& e

ed functiong by virtue of pressure

E-M_wdww?m on the Basig of
ary functions, the Pressure contrg]

Que 00 _ What is fluid power hydraulic cylinder ? Also mention
various type of cylinder.

Answer _

A, Fluid Power Hydraulic Cylinder :

1. A fluid power hydraulic cylinder is a linear actuator which is most
useful and effective in converting fluid energy to an output force in a
linear direction for performing work such as pulling or pushing in a
variety of engineering applications such as in machine tools and other
industrial machinery, earth moving equipment, construction equipment
and space applications.

A hydraulic cylinder usually consists of a movable element, a piston

and a piston rod operating within a cylindrical bore.

Types of cylinders:

According to Function Performed:

Single acting cylinders.

Double acting cylinders.

According to Construction :

Tie rod cylinders.

Mill type cylinders.

One-piece welded cylinders.

Threaded head cylinders.

Special Types:

Plunger or ram cylinders-

e

: o

B

o pe p3p

= E
J=&



Fundamentals of Mechanical Engg. & Mechatronics

2. Telescoping cylinders.
3. Cable cylinders.

4. Rotary cylinders ete.

5-23H (Sem.1 g )

bgﬁ.mu. Define direction control valves also classify it,

Direction Control Valves :

Direction control valves start, stop and control the direction of
reversing the direction of motion of the actuator.
Direction control valves are employed in a hydraulic s
the direction of the fluid in the hydraulic circuit.
Sometimes they are also used as a selector switch.
Classification of Direction Control Valves :
On the Basic of Internal Valving Element :
Poppet (Ball or piston), and

Spool valve,

On the Basis of Flow Paths :

Two way,

Three way, and _
Four way.

flow for

0o

ystem to determine

-

_
On the Basis of Actuation of Internal Valving Element : _
Manual,

Mechanical,

Electrical, and

Hydraulic,

On the Basis of Method of Connection : 7
Pipe thread,

Straight thread, 7

Flanged or subplot, and
Manifold mounted.

Qn.nh&a.._ Discuss pneumatic actuation system with their _

g = by o
S I -l =

4

Ll o

| .
|
advantages and disadvantages.

Pneumatic Actuation System :
A pneumatic actuation system is a s
transmit and control power.

The other components of

hydraulic actuation systems.

Main elements of pneumatic actuation system are

Compressor : 1t is used to compress the
500 kpa— 1.0 Mpa,

ystem that uses compressed air to

pneumatic actuation systems are same as of

i wir having capacity of

594 H (Sem-1&2) Introduction to Mechatronics

Air Treatment Units : After compression of air, air

essi must be treated to
remove the moisture or heat. For this air treatment unit is used.

... Reservoir:Itis used to store the compressed air. Storage is arranged

o with pressure sensitive switch which indicate the decrement of pressure.

.. Control Valve and Actuators : It is used for functioning and

w controlling the actuation system.

4 Pneumatic act uation systems are used in controlling train doors,
. automatic production lines, mechanical clamps, etc.

Advantages of Pneumatic Actuation System :

High effectiveness.

High durability and reliability.

Simple design.

High adaptability to harsh environment.

Disadvantages of Pneumatics Actuation System :

Relatively low accuracy.

A pneumatic actuation system cannot drive loads that are too heavy.

Uneven moving speed.

woEaP R

Rotary Actuators, Accumulators, Amplifiers and Pneumatic
Sequencing Problems.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 5.26. | Write short note on rotary actuators.

yim 4|

Rotary actuators are the hydraulic pneumatic equivalents of electric
motors. .

For a given torque and power, arotary converter is more compact than
an equivalent motor. .

It amwbcw be damaged by an indefinite stall and can be safely used in an
explosive atmosphere. , .

4. For variable speed applications, the _Smbu_mﬁww E& Em_nﬁﬂnmmmm
. requirements of a rotary actuator are similar to a _.Eﬁ.mno_.. contro :
DC drive, but for fixed applications, the AC induction motor is simpler
to install and maintain.

-

Ly

P
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m. . N . * :
An hydraulic motor is a rotary actuator where in hydraulic energy is

converted ,E..c mechanical energy in the form of rotary motion anq
torque which may be used for doing work.

Que 5.27, _ Write short note on accumulators.

Answer _

1. Accun i i i
ralators can increase efficiency, provide smoother, more reliable

operation, and store emergency power in case of electrical failure,

Accumulators usually are installed i i
\ ed in hydraulic systems to st
and to smooth out pulsations. Y siore energy

[

PD

Ny.nnM.EEm.g_.m also can act as surge or pulsation absorbers, much as an
air dome is used on pulsating piston or rotary pumps.

Wmﬂﬂ%wﬂam %E ncmr,_mw hydraulic hammer, reducing shocks caused
by ration or sudden starting and stoppi i

in a hydraulic circuit. nand stopping ofpaver cylinders
._H.Wmum are four principal types of accumulators :

L The weight-loaded piston type,

i. Diaphragm (or bladder) type,

ni Spring type, and
The hydro-pneumatic piston type.

=

.

Q

;

ue 5.28. | Define amplifier and mention its types.

f

Answer
Amplifier:

=P

An amplifier is a devi ichi i
st _u evice which is used to increase or augment the weak

It may operate on mechanical (lev i
: ers, gears etc.) optical, pn i
and hydraulic, or electrical and electronic vlb&ﬁ_m% preumatie

«®

The ratio of output signal (I,) to i i
. o to input signal (I) for an ifier i
termed as gain, amplification or magnification. _ R
The gain of amplification (G) is expressed as,
G
I

i

L

Types of Amplifiers :

Mechanical amplifiers.

Fluid amplifiers.

Optical amplifiers.

. Electrical and electronic amplifiers,

-

o

Que 5.29, _ Discuss in brief about pneumatic cylinder sequencing.

4

m\mamnwaa-ﬂmnmw
\\\\.\\llllll B

e

1 Insequen tial control with cylinders it is common practice to give each
cylinder a reference letter A, B, C, D etc., and to indicate the state of
oach cylinder by using a + sign if it is extended or asign if retracted.

9. Initially both the cylinders have retracted pistons. Start push-button
on valve 1is pressed. This applies pressure to valve 2, as initially limit
switch b —is activated; hence valve 3 is switched to apply pressure to
cylinder A for extension.

Introduction to Mechatronics

Cylinder A Limit switches Cylinder B Limit switches
; a- la+ - B+

Valve 3 switched Valve 6 switched
by pressure Ew pressure
signal 3 _ gsignal

r =P \H*ﬁ- - .__ r= | -1

I I

TA Y T ' I

1 I I - I

1 @m. ! ! : \,‘w\w I

| 1 Visasas &=l

1 I

b~ 2 4 a4} 2
BLﬂ M e /z, &
b
T T

T i TiT a-
3 o v OY 0oV

Start |
1 Valves 2, 4, 5 and 7 are switched
Valve 1is switched by by movement. of a rod limit switch
M\ perating the push-butten and spring returned
T and spring returned

v
¢.@ Fig. 5.29.1. Two-actuator sequential operation.

3. Cylinder A extends, releasing limit switch a —. When eylinder A is fully
extended, limit switch a + operates. This switches valve 5 and causes
pressure to be applied to valve 6 to switch it and so apply pressure to
cylinder B to cause its pistonto extend.

4. Cylinder B extends, releasing limit switch b —. When cylinder B is fully
extended, limit switch b + operates. This switches valve 4 and causes
pressure to be applied to valve 3 and so applies pressure to cylinder A
to start its piston retracting.

5. Cylinder A retracts, releasing limit switch a +. When cylinder A is fully
retracted, limit switch a — operates. This switches valve 7 and causes
pressure to be applied to valve 5 and so applies pressure to cylinder B
to start its piston retracting.

6. Cylinder B retracts, releasing limit switch b + When cylinder B is fully
retracted, limit switch b — operates to complete the cycle.

7. The cycle can be started again by pushing the start button. If we wanted
the system to run continuously then the last movement in the sequence
would have to trigger the first movement.

©06
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UNIT

Introduction to Soliq
Mechanicg

(2 Marks Questiong)

1.7,
Ang.

. Modulus of Ri

What do you mean by stress ?

The force of resistance T uni
it a i
deformation is known mmnm_.,qmmm. SRy oy £

What is strain ?

The ratio of change of dimension

1 : f th igi
dimension of body is known as strai o thehotyio e el

n.

» What do you mean by shear strain ?

Shear strain is defined as the chan

element measured in radians. s Aol e

Explain the following terms :

- Young's modulus,
- Modulus of rigidity.

Moﬁﬁm..m S&Eﬁm," It is the ratio between tensile stress and tensile
strain or compressive stress and compressive strain.

idity: It i ;
s gidity : It is defined as the ratio of shear stress to

Define bulk modulus of elasticity.

Bulk modulus of icity i i
ol M_.w. M_.Hm_mman_q is defined as the ratio of normal stress to

Define shear force.

Shear force is the force that tries

| . to shear off th i
(or mﬁnco_uﬁ.m.v. It is QEME.H& as algebraic sum Mmm M_o_ﬁwww_uwwwmwﬂﬂ
normal to axis of beam, either to the left or to the right of section.

Define bending moment.
.WQH_.QH.H._‘N moment i .
structure) and is o%%ﬂ%%mu%% that tries to bend the beam (or

. braic sum of moment of
about the section acting either left or to the right of mmmﬁ”w fores

sQ-2

18.
ARiE

.| Type of beam

Ans.
S8.No =
ﬁ\|

H nmﬁ_ﬂ.w & 2)

2Marks Questions

Define SFD and BMD.

SFD : SFD stands for shear force di ;

variation of shear force alony the _Mumﬂ_rmﬂ.mmwo Wm Mwuwammmaﬂm the
BMD : BMD stands for bending moment diagram. It represents the
variation of bending moment along the length of beam.

With neat sketches describe in brief different types of beams.
Following are the different types of beams :

Cantilever beam

Simply supported beam

Overhanging beam 0 )

Fixed beam

Continuous beam

111

112

. What do you understand by the term point of

contraflexure ?

The point of contraflexure is a point which represents the section
on the beam where bending moment is zero or bending moment
changes its sign.

Define point load, UDL and UVL.

Point Load : A point load is one which acts over a very small area
or portion.

UDL: Uniformly distributed load (UDL) acts over a finite length of
a beam. UDL implies the intensity of loading is constant over a
finite length and its unit is kN / m.

UVL: Uniformly varying load (UVL) implies the intensity of loading
increases or decreases linearly (at constant rate) along the length
of beam.

Define Hooke's law.

According to Hooke's law, within elastic limits, stressis proportional
to strain produced in a body.

Stress « Strain
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1.13.

1.14.

1.15.

mﬁm AWGE...._. & Mu
o= Ee

E= 2
e
What do you mean by Poisson’s ratio ?

Within the elastic limit, if a body i

: ¢ imit, y is stressed, then th i

strain to linear strain is constant. This constant is Hﬂmhwﬂwﬂ,_.m el
ratio and is denoted by p. Oisson'y

Lateral strain

mh —
Longitudinal strain

Define factor of safety and working stress.

Factor of Safety : Th i . . .
sallo] fact ot Mwm. marm ratio of ultimate stress to working stresg i

Factor of safety = Ultimate stress
. Working stress
Working Stress : The maximum stress to which any member is

nwmrn.umﬂ.ﬁh ..—m B...HG.—H —mmw ﬁ.—ﬂg gm ._H—ﬁmg.m mnOMMHmn m@ ﬁwcﬂ_m._ﬂ_.
] . L g

Determine the maximum bending moment in a simply
u‘.k—uuu.onnmn— beam of span 5 m, carrying uniformly
distributed load of 2 kN/m over its entire span.

Given :w=2kN/m,/=5m
To Find : Maximum bending moment.

Maximum bending moment for a simply supported beam carrying
uniformly distributed load is given by as,
2 2x5* 25
BM), =2 = =2 _ 6.25 kN-
max= g 8 1 6.25 kN-m

©e0

gQ4H (Sem-1&2) 2Marks Questions
e e

Introduction to IC

e Engines and RAC

(2 Marks Questions)

2.1. What is an internal combustion engine ?

Asi& It is an engine in which combustion takes place inside the cylinder.
Examples : Petrol engine and diesel engine.

92, State two differences between two stroke and four stroke
engines.

Four Stroke Engine

L mMnWm.;m.m completed in two Cyele is completed in four stroke of

stroke of the piston or one the piston or {vo revolution of the
revolution of the crankshaft. | crankshaft.

It contains valves.

2.3. Compare SI and CI engine with respect to compression
ratio and ignition.

Self ignition due to high
pressure and temperaturé
caused of compression of

f the producing and maintaining
of the surrounding mousmnwwnm ie.,
ubstance under cott colled conditions.

What is the purpose of refrigeration 7
jon is as follows:

2.5.
A Purpose of refrigerat:
1. Preservation of food.
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27.

Manufacturing of ice,

Oosﬂacm&: idity i i
o mBﬁmumﬁﬁmmbmvE&ewEﬁrmE_. conditioning

Transportation of food,

.Erﬁmowa:ﬂ.mbﬂr . .
Hmw—.-nn.u_: .
Moo o w m onnﬂmaagnguﬁ&.
uwm?mﬁ;nmon Effect : The amount of heat extract
mw,ﬂ.nmﬂ 1s termed as refrigeration effect.

nit of —n‘o.__ﬂ_manﬁman : The practical unit of refrigeration is
expressed in nmu.ﬂm of tonne of refrigeration or TR. 1 TR is equal to
amount ow. refrigeration effect produced by uniform melting of
1 tonne of ice at 0 °C in 24 hours.

ed from the

Differentiate between refrigerator and heat pump.

S. No.

Refrigerator Heat Pump

It 1s areversed heat engine | A heat pump is a device, which
which cools or maintains the | operating in a cycle, maintains 4
temperature of a body lower | body, at a temperature higher than
than the atmospheric |the temperature of the
temperature. surroundings.

(COP), = Ww (COP), = mlw

2.11.
Ang.

Define energy performance ratio (EPR).

The performance of a heat pump is expressed by the ratio of the
amount of heat delivered to the hot body to the amount of work

required to be done on the system. This ratio is called energy
performance ratio (EPR).

What is air conditioning ?
Air conditioning is that branch of engineering science which deals
with the study of conditioning of air.

Define the term dry air. .
The term dry air is used to indicate the water free contents of air
having zero degree of moisture.

What is dry bulb temperature ?

Dry bulb temperature (DBT) is the temperature, recorded by an
ordinary thermometer whose reading is not affected by moisture
present in the air or by thermal radiation.

|

-1&2)
a.em (Sem

N.Hw. Define wet bulb gﬂ—gﬁsﬁﬂﬁm
A Wet bulb temperature (WBT) is the
: t -
thermometer whose bulbis covered iy ek Teorled by 3
toc MOoving air (atmospheric air) oth and exposed

2.13. Define dew point temperature,

int temperat :
ans Dew pon perature (DPT) is the tom, :
perature t i
must be _...uuo_wm at constant pressure in order tocause onn_m_, il
of any of its water vapour, ondensation

2.14. Differentiate between natural and mechanical refrigeration.
Anis.

"g.No Natural Refrigeration

1. | Natural refrigeration canbe done| Mechanical refrigeration is

by : ) _ mostly dependent on |
i Melting of a solid. evaporation of a liquid called |
ii. Sublimation of a solid. refrigerant.
iii. Evaporation of a liquid.
—.
2. It does not require components| It requires the components |

1
such as evaporator, compressor,| such as evaporator,
condenser and expansion valve. _ compressor, condenser and

_ | expansion valve.

J

©00
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UNIT

Introduction to Fluig
Mechanics anq
Applicationg

(2 Marks Questiong)

g

3.3.

P‘F"""‘E

34.

3.5.

3.6.

3.7.

38,

. Density,

. Define the term fiuid, o

A fluid is & substance which deforms continuo
usly whi j
to external shearing force. Y ST S hiectsi

Define real fluids.

Areal practical fluid is one which has viscosity,
compressibility in addition to the density.
available in nature,

surface tension an
The real fluids are mnﬁ:ah

Enumerate some important properties of liquid.
Some important properties of liquid are :

2, Viscosity,

4. Specific gravity,

6. Surface tension.

Adhesion,
Cohesion, and

What is kinematic viscosity ?

Kinematic viscosity is defined as the ratio of the d Gl
to the density of fluid. It is denoted by . ynamie viscosity

Define viscosity.

J_mwnommq may be defined as the property of a fluid which determines
its .nmmﬁsunnm to shearing stresses. It is a measure of the internal
fluid friction which causes resistance to flow.

What are Newtonian fluids ?

Newtonian fluids are those fluids which obey the Newton’s law of

viscosity. For such fluids, viscosity does not change with rate of
deformation.

Define non-Newtonian fluids,

Fluids which do not follow the Newt

on’s 1 iscosi
as non-Newtonian fluids. n's law of viscosity are known

What is venturimeter ?

sQ-8H (Sem-1& 2)

AfS

39.
AxB.

3.10.

3.1L

3.12.

3.13.

3.14.
Ang

2 Marks Questions

A venturimeter is a device used for measuring the rat
fluid flowing through a pipe. Brov st

Define the term turbines.

Turbines are defined as the hydraulic machines which convert
hydraulic energy into mechanical energy.

Example : Pelton wheel, Francis turbine, Kaplan turbine, etc.

What is centrifugal pump ?

The hydraulic machine which converts the mechanical energy into
pressure energy by means of centrifugal force acting on the fluid is
known as centrifugal pump.

State the Bernoulli’s theorem.

Bernoulli’s theorem states that in a steady, ideal flow of an
incompressible fluid, the total energy at any point of the fluid is
constant.

What is coefficient of discharge ?

Coefficient of discharge is defined as the ratio of the actual discharge
to the theoretical discharge of flow.

What is hydraulic accumulator ?

Hydraulic accumulator is a device which is used for storing the
energy of liquid in the form of pressure energy. This energy can
be supplied for any sudden requirement.

Define hydraulic lift and gives its type.

Hydraulic Lift : It is a device used for carrying goods or passengers
from one floor to another in multi-storeyed buildings.

Types of Hydraulic Lift :

. Direct acting hydraulic lift.

Suspended hydraulic lift.
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What is measurement ?
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Write down the methods of measurement.

Methods of measurement :
Direct method, and L

Indirect method.

Define error of measurement.
Error of measurement
the size being measure

fe wullp

is the difference between the true valu
e of
d and the value found by measurement,

44. What is the difference betwee i
n relative error, rand
and systematic error ? . o error
Ans,
T 3
.|m.20.. Relative Error Random Error Systematic mmu.r
“ 1 It is the absolute | Itisa component of the | It is a component of
_ | error of | error of measurement | the error of
_ Mjmﬁwﬁmsmuw which, in the course of measurement
| divi mm, by the | @ number, of which, in the course
| conventional true | measurements of the | of a number of
_ value of the | same measurand, measurements of
| measurand. varies in an the same
cbmu.m&ngwm manner. | measurand, remains
_ This error can't be | constant orvaries in
| corrected. - apredictable way.

4.5. Um»,mbm ws_.:unmemoﬂ of a measuring instrument.
Axig; mw.__rnm:on is the process of determining the values of the quantity
ing measured corresponding to a pre-established arbitrary scale.

48.

E? @NHE

4.8.

PPPPE

4.9.
Ans.

Name some low pressure measuring devices.
Low pressure measuring devices are as follows :
Pirani gauge,

Ionization gauge, and

Mcleod gauge.

Define strain and strain gauge.

Strain : It is defined as the ratio of change in shape to its original
shape. It is a dimensionless quantity.

Strain Gauge : The transducers which measure the strain in a
body or object are known as strain gauge.

Name any four instruments used for temperature
measurement.

Instruments used for temperature measurement are as follows :
Glass thermometers,

Pressure-gauge thermometers,

Electrical resistance thermometers, and

Thermocouple pyrometers.

Distinguish between force and torque.

S. No.

1

Force Torque _

Force is directly proportional | Torque is directly proportional to |
to the rate of change of | the rate of change of angular
momentum, momentum.

The SI unit of force is newton | The SI unit of torque is
(N). newton-metre (N-m).

4.10.

4.11.

4.12.

Define zero error.

Zero error is defined as the condition where a measuring instrument
registers a reading when there should not be any reading.

Define accuracy.

Accuracy is defined as degree of closeness of the output to the true
value of measured quantity. It is specified as percentage deviation
or inaccuracy in measurement from true value of measured
quantity.

Percentage accuracy = Measured value - True value %100

True value

Define precision.
Precision is defined as the ability to reproduce the same output
repeatedly for the same input. If a Vernier scale is used to measure
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Puw. Define resolution of the instrument.

m.wmmc_szoﬁ is the smallest increment o
value that can be determined from the i

..gm resolution is often on the same orde;
1tis smaller.

f change in the measureqd
nstrument’s read oyt scale
r as the precision, moamg.smm

ﬁ.rnn is limit, fit and tolerance ?
Eﬁ." The two extreme permissible size
as limit. The minimum size is
E.Q»zom upper limit.

Fit : During assembly, the d
the mating parts is termed
Tolerance : It is defined
low limits of size,

for any object is
called lower limit and BE&EMM.MH

mwﬂmmc:mmr_ﬁmmmolucmmnommwmg
as fits. e

as the difference between the high and
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5.5.

2 Marks Questions
Introduction to
Mechatronics
il (2 Marks Questions)
e
51. What do you understand by mechatronics ?

Mechatronics is defined as the interdisciplinary field of engineering
dealing with the design of products whose functions relies on the
synergistic integration of ‘mechanical and electronic components
coordinated by a control architecture.

What are the evolution levels of mechatronics ?
The evolution levels of mechatronics are as follows :

. Primary level mechatronics,

. Secondary level mechatronics,
. Third level mechatronics, and
. Fourth level mechatronics.

Give two advantages and disadvantages of mechatronics.
Advantages of Mechatronics :

. The products produced are cost effective and of very good quality.
. High degree of flexibility.

Disadvantages of Mechatronics :
High initial cost of the system.

. Imperative to have knowledge of different engineering fields for

design and implementation.

Give the applications of mechatronics.

Applications of mechatronics are as follows :
Design and modeling,

. Actuators and sensors,
. Intelligent control,

Robotics, and

. Manufacturing.

Give the examples of mechatronics systems in industry.
The examples of mechatronics s

Home appliances, ystems in industry are as follows :

. Automobile,
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Aireraft, and
Automated manufacturing.

Explain the scope of mechatronics in industrial sector,
The scope of mechatronics in industrial sector are as follows :
Better design of product,

Better process of planning,

Reliable and quality-oriented manufacturing, and

Intelligent process control.

Define autotronic.

Autotronics is automotive-electronic .mouﬁ.o_ n_m'inmm iﬁnr. are
integrated with the mechanical system in the vehicle applications.

What do you mean by bionics ?

Bionics is the application of biological methods and systems found
in nature to the study and design of engineering systems and
modern technology.

Define transducer.

Transducer is a device, usually electrical, electronic, or electro-
mechanical, that converts one type of energy into another for

various purposes including measurement or information transfer.

Define sensor.

Sensor is defined as an element which when subjected to some
physical change experiences a relative change.

Define kinematic chain.

Kinematic chain refers to an assembly of rigid bodies connected
by joints to provide constrained motion that is the mathematical
model for a mechanical system.

Differentiate between hydraulic and pneumatic actuation
system.

" ANiE,
S.No.| Hydraulic Actuation Pneumatic Actuation
muin@.u System
B Operates at high pressure. | Operates at low pressure.
2. |Pumpis necessary. No pump at all.
3. More expensive. Less expensive.
_|
4, Cavitationis a big problem. | No cavitati
vitation problem. ]
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