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N.B: 1) Question No. 1is compuisory.
2) Att.empt any THREE questions ott of remaining FIVE questions.
3) Assume suitable data wherever necessary. .,
4) Use of Graph paper is allowed.

5)

Figures to the right indicaté?full ma_rks.

1. Answer the followmg questlons (any Eour)

2. ,(g;")‘f

(B)

How can ﬂatness be checked w1th the help of an 0pt1cal mtexfexometex’?

Define: Reprpdhmbmt}r, Hysteres1s, Threshold Rarige and Span of measuring

instruments. . :
Tlustrate the workmg prmmple of nozzle ﬂappel for displacement measurement.

Explain: ‘open loop and closed loop control systems.

Usmg Routh’s ériterion, examine the stability of a control system whose ch aracteristic

equation is, 85 + IZS‘s * 383 + 482 +58 + 6 )

""" iameter measurement of 2

screw thread by y _j“-;

Calculate the hmlts tolerances and allowances on a 25 mm shaft and hole pair.

o Demgnated H7/g6 to get precxsxon fit. The fundamental tolelances is calculated by

) folloqug equa;mns fg“:

: = 0 4533 D + 0. 001D mlcron

,,,,,

The foiiong datai‘“zs g;ven

o) me=10i

3 (A) Wxth neat sketch eXp am .he

2)- Upper devxanon of shaft =-2 5 ) R
b) 25 mm. “falls i in tize dzameter step of: l8 30 mm

o) IT7= 16i

| e),{Wear al,l‘annc'

’nstﬂx‘ucﬁq.al"feétures-\énd"WOrlcing of 0

o VDI

‘ii) 3 Parkmson s Gear Tester

(B) Draw the Root Locus- of the system having
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Paper / Subject Code: 32621 / Mechanical Measurements & Controls

(4, Define desired input, modifying input and m{erfenng mpm for measurmg instruments

10

with suitable examples. Also suggest \:he methods o mmnge the effect of modlfymo

and interfering input.

By A

SY

J

stem has transfer function given by

Ce _

- 160

10

-~

Ry

52+ 15s + 100

Determine, peak time, percent overshoot settlmg time zmd rise ume

€(s
transfer function, —(—).

i)
i)

Reduce the given bl

R(S)

Ultrasonic Flow. Meter

[onization Gauge

/

R(s)

With neat sketch, explain the constructlonal features a;ld wokag of

10

ock diagram to a its canonical form and hence obtain equivalent 10

N -

s

c(s)

Hy

Write short note on (any Four)

6.
1)
i)
11}
v)
v}
vi)
A\
Je
A
66831

Interference Fit -
Strain Gauge'based load cell i :
Frequency Domain Specifications

Tomlinson Surfg'ee Teste'r;,,;j_,- )\
Static Calibration .:,L','. - ”j‘.::‘
RTD g

20

Page 2 of 2




Paper / Subject Code: 32625 / Department Optional Course-I: Optimization Techniques

‘ QP codes 10067092
TE sem ¥ Mecthanical R-\9 C scheme ’

(Time : 3 Hours) ]Zj I\QE‘I L\auﬁmf 1 OT (Total Marks: 80)
Note 2 % \ )1’6 1{/

* Question No.1 is compulsory.

* Solve ANY THREE questions from the remaining five questions.
¢ Figure to the right indicates full marks.

* Assume suitable data wherever required, but justify the same.

-

Q.1 Solve ANY FOUR from the following.
a)  What is an infeasible solution, and how does it occur? How 1s (05)
this condition recognized in the graphical method?
b)  Explain the terms Local optimum, global optimum and saddle point. (05)
¢)  Explain Taguchi’s loss function (05)
d) What is duality? What is the significance of dual variables in an (05)
LP model?
e)  Explain concept of Dynamic programming (05)
Q.2 a) Solve the following problem by simplex method (10)
Maximize Z = 6xX; + 4X»
Subject to X+ x3<=8
X -X<=4
X1, X2 >= 0
by Minimize f(x) = 8x; + 4%y + XiX2— X2 —x" (05)

subjectto  2x; +3x2 < 24
—5x; + 12x,<24
x2<5
State the Kuhn—Tucker conditions for above.

c What is integer linear programming? How does the optimal solution of (05)
an integer programming problem compare with that of the linear ‘
programming problem?

Q.3 a) Following table shows the various alternatives of Material (M1, M2,..) (10)
for piston cyinder, and corresponding attributes as Cost (Al), tensile
strength (A2), thermal conductivity (A3), and machinability index
(A4) Suggest suitable material using SAW method. Assume equal
weight of 0.25 for the all attributes, Al as non-beneficial and rest all as
beneficial attributes for the following case.

N | Alternati | M1(Rs/kg A2 A3 A4
0 ve ) (MPa) | (W/m-
K)
1 Ml 300 110 142
2 M2 350 100 125
EEEE 375 120 100
4] M4 | a0 |30 [ 120
5] MS 315 125 135

67092 Page 1 of 2



Paper / Subject Code:
] ode: 32625 / Department Optional Course-I: Optimization Techniques

Q.4

Q.5

Q.6

67092

a)

b)

a)

b)

b)

d)

D . . . - . . 1
etermine the stat610nary points, minima or maxima of the following
function f(x) = 2x° — 6x* +6x2 + 10

Write a note on design of experiments

(05)

(05

)

A confectioner sells confectionery items. Past data of demand per week (10)

(in hundred kilograms), with probabilities, is given below:
Demand/week: |05 |10 [15 20 25
Probabilities 036 1031 [0.19 0.09 [0.05

Using the following sequence of random numbers, generate the demand

for the next 10 weeks. Also find the average demand per week:

52,90, 13, 23,73, 34, 57, 35, 83, 94

A factory can manufacture 2 products A & B. The profit on one unit of
A is Rs. 80 and one unit of B is Rs. 40. The maximum demand of A is 6
units per week and of B it is 8 units per week. The manufacturer has set
up a goal of achieving a profit of exactly Rs. 640 per week. Show only
the formulation of the problem as goal programming.

Describe briefly geometric programming
What are the various non-traditional optimization techniques? Explain
any one with illustration

Explain multi attribute decision making with suitable illustration.

Write plan of experiments having 3 factors each at three levels.

A company produces three types of bearings, B1, B2, and B3, on two
machines, Al and A2. The processing times of the bearings on the two
machines are indicated in the following table:

Processing time {(min) for bearing:

Machine Bl B2 B3
Al 10 6 12
A2 8 4 4

The times available on machines Al and A2 per day are 1200 and 1000
minutes, respectively. The profits per unit of BI, B2, and B3 are Rs 4,
Rs 2, and Rs 3, respectively. The maximum number of units the
company can sell are 500, 400, and 600 for Bl, B2, and B3,
respectively. Formulate the problem for maximizing the profit.

Explain concept of robust design

Discuss in brief some applications of Optimization in Engineering

%k kkok ok ok ok kA ok ok k
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Total marks 80

9

@3 Hours
¢ Question No.1 is complﬂsory » ) Q
e Sol S ' Y
FO ve ANY THREE questions from the remammgﬁve questlons
1gure to the right indicates full marks. &

Assume suitable data wherever requlred but _]QSTIf}’ the same. \

~
“*. P e

/_\s

[

Q.1 Solve ANY FOUR questlons from the followmg N‘Q na o 20
a) Distinguish between h and p methods orf mesh reTnement\\wnh necéssary A
illustrations. N S I~ R r
b) Distinguish between\plane stress and Elﬁne straln\condltlons’ ;.7 S
¢) Descrxbe the sxgmﬁcance of perlplC ‘of minimim potential energy 5
d) Explain convepgence cr1ter1a in FEM — e A '5
e) Explain lumped mass\matrlx eon31stent mass matm‘( and HR\Z lumpmg scheme 5
with sultqble examples 7 o 4\v ~ A
£ Lo _'i ,_t_« Q &> R ,
Q.2 a) Solve followmg dlfferentu;i‘ equatlon usmg ga‘lerkm me[i)lod 5“‘ (:";”' 10
i Ay dz - . ___\( ,L‘ P ‘.‘/:.4“" ,»‘
& —-d Z -9 y_\: x3 A 0.% Sxs< 1~t &
G1ven boundary CO‘I’ldlthl’lS are u(O) .0 and u(‘i) = 2. Determm;e_, (O 5). .
.,, = < = S N o
o & = Q 4 e
S8 S &8 &8

b) Detennme the two natural frequenmes of’transverse v1bratlons of a beam fixed 10
at both ends a shqwn in fig. Use Conslstent Mass Matrix;-Take EI =108 units

;7.'7?' d %y

and pA = 10° units. o . P o o
= 10° units
o, L vigd [ pA = 10°units
£ N, N N P R A.H] . .
. o f:’\ & ’Q::\ o % » .
\.‘x Z:“x ?» 4 \/
Q.3 a) Solve the follo '“’ng dlfferentlal equatlon by Raylelgh I%itz method. 10

._ 5 ,\i%‘ 0.§§x‘s 1

‘<

"(_

s -y \}7

'b) Determme the unknownmreactlons, dlsplaceﬁlent and element stresses for the 10
stepped barshown in‘he figure’elow (E-="200 GPa).

400 mm’

250 |
mmn’ 75KN

300mm 200m 200mm
< e Ay

BARTRRRRRNANN
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Me ch

Q.4 2 Flfnd the natural frequency of axial v1brat10ns of a bar of umform cross section
of 50 mm’ and length of 1 meter using-Consistent mass m‘amx and compare
with exact frequencies. Take E = 200 GPa and density = 7860 kg/m ‘Take two
linear elements

b) The triangular element has nodal»Coordlnates (10, 10), (40 20) and (30, 50) for
nodes 1, 2 and 3 respectlvely ‘For the*pomt P:located, ihside the; triangle,

determine x and y coordma(t:e;s\’\lf the shape functions, Nl-{TlS and Nz— 0.25.

: L & Y
Q.5 a) Determine the dlsplacerrfent at nodes by usmg pr1n01p1e of mlmmum potential

energy approach ) £ 5 £ oy

.4:)‘(; "ml—: -
‘:‘:\‘y v-: *:% = :
.f . ,é?’ Q‘ﬁ ‘::: o o /\\~ Pt
. k . Aty
b) Find nodal displacement, r reaction fqrces and stresses m»each element for a truss
giveﬁ%elow. Take E= 232@ GPa anfi‘A = lOOTnm A - :
SE & N
- & F ey &

X Pt v : e o i
N ¥ ‘e ~ > Ny ) o e
— 2 o N4 Q e _: \

- & = ’ Q
' ). )‘\—f A steel fifi of d1amaer 2 crg,‘*length L&“/cm andu-ﬂlermal c@‘\ﬁductwny 80 W/m-
STK s ei(’posed tofamblent;élr at 409C with a:heat tra sftbr coefficient of 100

3« 5 WK On§e“nd 0 lg%e,"fm is a sa’temperam}e of 540 C and the other end is

F T nghed gleming BBl S &7 &
§ & T & P S8 g=F
) 47 LD Lm0 =0 0 T

@’ " - L A’ \ &

£ e Whego m? . an'dzg‘ =0 <«~3€ <L f“

s 4_’3*” Lp= Pe@\cter s= Ctoss sectlon area
) = & § h= I{q"’t transfgit Oeﬂicw’ﬁt .

o o < K =Fhermal ¢9 p“nductmty, and T, = Ambient temperature

;{»’ Take ee lmerrelements cqual lengths and solve to get temperatures at these
Fandl q;ﬁxedlate points. ,"'

A % b) Explain the:procedur&Bf Rayle1g‘h Ritz method based on principle of stationary
" & :coial pot%mal & g
XA A S g
*, & 7 Q' &
<Q <& A =\ Q -»
b Q ~ "-\/ Aved hhkhkhkhhkhkdkkk
. e X Q ~
~ ~ ) % ~
‘.\ ’:‘L S '_‘-s
o = &8
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Paper / Subject Code: 32623 / Dynamics of Mechinery
dreode. |Q066E|€

TE s 3 .
Tiroc, 3 Hes Mecdhonical R-19 CStum
) ' Total Marks: 80

[nstructions: Y} Me—cp‘-ﬂ\"—&:ﬂ—l /DDM

i, Question No.1 is compulsory 1811 S
i, Gﬁempt any 3 out of the remaining questions
1‘17. se your judgement for unspecified data, if any but justify the assumption.
_iv. . Numbers to the right indicate marks.

QL. Attempt any four of the following sub questions: : (20)

a. Explain what you mean by Dynamically Equivalent.systems. State the conditions for systems (5)
to be dynamically equivalent.

b. What do you mean by critical speed of a shaft, derive an expression for critical frequency for (5)
an undamped shaft.

c. Compare viscous and coulomb damping. Mention at least five points of difference. (5)

d. Explain the terms: Logarithmic decrement, Magnification factor. Also mention the (5)
significance of logarithmic decrement. :

e. Why does gyroscopic couple occurs. Derrive an expression for Gyroscopic couple (5)

Q2.2 A body of mass 70 kg is suspended from a spring which deflects 2.0 cm under the load. It is (10)
subjected to a damping effect adjusted to a value 0.23 times that required for critical damping.

Find the natural frequency of the undamped and damped vibrations and ratio of successive
amplitudes for damped vibrations. '

If the body is subjected to a periodic disturbing force of 700 N and of frequency equal to 0.78
times the natural undamped frequency, find the amplitude of forced vibrations and the phase
difference with respect to the disturbing force.

Q2.b  The mass of a turbine rotor of a ship is 8 tonnes and has a radius of gyration 0.6 m. It rotates  (10)
at 1800 r.p.m. clockwise when looking from the stern. Determine the gyroscopic effects in the
following cases: 1. If the ship travelling at 100 km/h steers to the left in a curve of 75 m radius,

2. If the ship is pitching and the bow is descending with maximum velocity. The pitching is
simple harmonic, the periodic time being 20 seconds and the total angular movement between

the extreme positions is 10°, and
3. If the ship is rolling and at a certain instant has-an angular velocity of 0.03 rad/s clockwise

when looking fromstern.

Q3.a A steam engine 200 mm bore and 300 mm stroke has a connecting rod 625 mm long. The (10)
mass of the reciprocating parts is 15 kg and the speed is 250 r.p.m. When the crank is at 30°
to the inner dead centre and moving outwards, the difference in steam pressures is 840 KN/m?,

If the crank pin radius is 30 mm determine: 1. the force on the crankshaft bearing; and 2. the
torque acting on the crank shaft.

Q3.b The disc of a torsional pendulum has a moment of inertia of 600 kg-cm? and is immersed in a (10)
viscous fluid. The brass shaft attached to it is of 10 cm diameter and 40 cm long. When the
pendulum is vibrating, the observed amplitudes on the same side of the rest position for
successive cycles are 9°, 6° and 4°. Determine (a) logarithmic decrement (b) damping torque
at unit velocity, and(c) the periodic time of vibration.

Assume for the brass shaft, G = 4.4 x 10'" N/m?.

Q4.2 Ina governor of the Hartnell type, the mass of each ball is 1.5 kg and the lengths of the vertical (10)
and horizontal arms of the bell crank lever are 100 mm and 50 mm respectively. The fulcrum
of the bell crank lever is at a distance of 90 mm from the axis of rotation. The maximum and
minimum radii of rotation of balls are 120 mm and 80 mm and the corresponding equilibrium
speeds are 325 and 300 rpm. Find the stiffness of the spring and equilibrium speed when the

radius of rotation is 100mm.
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Q4.b

QS.a.

Q5.b

Q6.a

Q6.b
Q6.c

Paper / Subject Code: 32623 / Dynamics of Mechinery

Determine the ngtural frequency of the system shown in Fig below. Assu-me the cylinder rolls
on the surface without slipping. Consider the mass of cylinder as M

— X

R P

T 72777

Four masses A, B, C and D revolve at equal radii and are equally spaced along a shaft. The
mass B is 7 kg and the radii of C and D make angles of 90° and 240° respectively with the
radius of B. Find the magnitude of the masses A, C and D and the angular position of A so
that the system may be completely balanced.

A machine of mass one tonne is acted upon by an external force of 2450 N at a frequency of
1500 rpm. To reduce the effects of vibration, isolator of rubber having a static deflection of 2
mm under the machine load and an estimated damping factor 0.2 are used. Determine: (a) the
force transmitted to the foundation, (b) the amplitude of vibration of machine(c) the phase lag.

A vehicle of mass 490 kg and total spring constant of its suspension system is 60 x 10° N/m.
The profile of the road may be approximated to a line curve of amplitude 4.0 cm and
wavelength of 4.0 metres. Determine (a) the critical speed of the vehicle
(b) the amplitude of the steady state motion of the mass when the vehicle is driven at critical

speed and the damping factor is 0.5; and
(c) The amplitude of the steady state motion of mass when the vehicle is driven at 57 km/hr

and the damping factor same as in (b).

Show that the transmissibility ratio is 1 at a frequency ratio of 2
A vibrometer having a natural frequency of 4 rad/sec and &= 0.2 is attached to a structure that
motion. If the difference between the maximum and the minimum

performs a harmonic
mm, find the amplitude of motion of the vibrating structure with its

recorded values is 8
frequency is 40 rad/s.

e ke ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok
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