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Note :
« Question No.1 is compulsory.
Solve ANY THREE questions from the remaining five questions.

L]
« Figure to the right indicates full marks. xy g
« Assume suitable data wherever required, but justify the same.

- -

Marks
Q.1 Solve ANY FOUR from the following.
a) Listany five engineering applications of optimization. &)
b) Show the formulation of a generalized transportation problem. - 3 -

c) Explain the branch and bound technique. In this technique when is the node  (5)
said to be fathomed? e ' : A

. d) What doyou understand by fulli factorial and fractional factorial design? (5)
¢) Explain the concept of Taguchi loss function with an example. S -
Q.2 a) Solvethe following Simplex problem (10)

Maximize Z = 2x1 + 5x2
ST.x)+4x2<24
Ix +x2521
xn+x<9
x1,x220 -

b) Determine maximum and mixximﬁm values of the function ~(10)
flx)=3x*— 4x3 — 24x% + 48x + 15

Q.3 a) Solve using the Lagrange’s multiplier method the following NLPP (10)
Optimize Z = 6x,2 + 5x3° '
S.T. C Xy #5x =72
7 Il.’x‘z =20

b) ~ Listthe non-traditional optimizatiou»technique»s and explain any one in detail. (10)
Q.4 a) A person has to select a house from given 3 alternatives he has with the details (10)
as given in the table. He considers 3 attributes of price, near to market and near -
to school with weights as 0.623, 0.125 and 0.25 respectively. Select the best
alternative of house by SAW method.

M!ermli\'dcrilcria “T Price (Rs lakhs) Near Market {Km) Near School (Km)_]
House 1 © 1100 1S 2.75
House 2 140 : 1.0 3.5

| House 3 80 1.7 3.0 |

- A sample of 100 arrivals of a customer at a retail sales depot is according to-" (10)
the following distribution.

Time between | g5 110 | 15 | 20 2.513.0\3.5 40 4.5\5.0\

arrival (mins.

Frequency 2 1 6 | 10]25 |20 14 | 10 |7 4 | 2 |
A study of the time required to service customer by adding up the bills,
receiving payments and placing packages yields the following distribution.

Service time (mins.) - 0.5 1.0 1.5 20 | 25 | 30
| Frequency 12 [ 21 36 9 | 71 | 5 -
57130 ~ Page 1 0f 2
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Estimate the average of customer waiting time and average of idle time of the
server by simulation for the next 10 arrivals. R
93, 22, 53, 64, 39, 07, 10, 63, 76,35

Use random number for arrivals: 93
78,76, 58, 54, 74, 92,38, 70, 96, 92 N P
- 3 .- —-— (10) i v

ao

Use random number for service:
Apply dynamic programming method and solve
Maximize Z = y1y2)3
S.T. yn+yz+y3=5
, Yy )3 z 0 >y o
Describe the procedure of AHP method step wise in detail. .
3

Write the dual of the following primal problem
Maximize Z=x1—x2F 3x3
ST. xi+x2tx3= 10

2x)—x2—Xx3<2 o = \- -

2x) -2x2 fsxl <6

xy,x2, X320 - - , _
A firm produces three products. These produéts are pr'ocessed‘ on three. (5)
different machines. The time required to manufacture one unit of each of the

he three machines are given in the

three products and the daily capacity of t »
table below. The profit.per unit for product 1, 2 and 3 is Rupecs 4,3 and 6

(espcctivclj. Formulate the ma;hematica_llinear programming'model that will -

_ -;'maximize the daily profit. - - : :
Machine "~ Time per unit (Minutes) ~ | Machine Capacity
S Product 1 |- Product2 Product 3 (Minutes / Day) |
Ml | 2 |- 3 2 440
M2 4 3 470
M3 2 = §4 & - 430
" Write a note on Design of Experimérit. 5)
o ) & ra =5 7 ®)
_‘Détermir_lejhe quadratic form-of matrix-A = |—5 6 8
: ~ L7 8 =9
,"«***HH*‘c}****ug;***uﬂ*
R
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Paper / Subject Code: 32624 / Finite Element Analysis

o] 5o | Gomplr [M04-20 ke loglaons

ul)

Q.2 a)

Q.3 a)

b)

(3 hours) Total marks: 80

Question No.I is compulsory.

Solve ANY THREE questions from the remaining five questions.
The figure to the right indicates full marks.

Asswne suitable data wherever required, but justify the same.

! Marks
Solve ANY FOUR questions from following. (Each question carries 5 marks) 20

Explain general FEM procedure. o

Define shape function and enlist the properties of shape functions.

Explain h-method and p-method of FEM.

Describe the significance of Jacobian Matrix in co-ordinate transformation.

Explain the principle of minimum total potential.
Explain iso-parametric, sub-parametric and super-parametric elements.

Solve following differentiill equation using galerkin method 10

332-—5—-+8 =0;0=x<1
Boundary Conditions: y(0) = I, y(1) =2, find y(0.6)
Consider a plain composite wall which is made of two materials of thermal 10
conductivity k, = 204 W/m°C and k; = 46 W/m°C and thickness /1; = 5 cm and
/1y = 2.5 cm. Material A adjoins a hot fluid at 150°C for which heat transfer
coefficient @, = 11.67 W/m>'°C and the material B is in contact. with a cold

fluid at 30°C and heat transfer coefficient @, = 23.6 W/m® °C. Calculate rate of
heat transfer through the wall and the temperature at the interface. The wall is 2
m high and 2.5 m wide.

150 °C, | i412 i 30°c,

a, = 11.67 W/m® °C |z} @y = 23.6 W/m? °C
:_:5 :.\/1 >, p .i,f '_‘,
0 ) 5cm (ﬂ‘ 2 5 cm |@
1l
Solve the following differential equation by Rayleigh Ritz method. 10
d?y 2 .
E;—IOI =5 0<sx<1

Given boundary conditions are: y(0) = (1) =0
Find the natural frequency of axial vibrations of a bar of uniform cross section 10
of 50 mm? and lcngth of 1 metcr using cons:stent mass matrix. Take E = 200

X1118YDID802X1118YDID802X1118YDID802X1118YD1D802
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Q.4.2)  Determine the unknown reactions, displacement and element stresses forthe - 10

stepped bar shown in the figure below.

AN \\‘:\\\\‘;\\\'\“&\\\\\\

AU AN A A

+

Aluminium Brass
E = 70 GFPa E = 105GPa E = 200GPa

A = 900mm® A = 400 mm® A = 200 mm’

Determine the two natural frequencies of transverse vibration of a beam fixed at
both ends as shown in figure. Use consistent mass matrix.and comment on the
results. Divide the whole domain into two elements of equal lengths. [ Take EI

= 10° units, pA = 10° units ]

. é 1 unit ’ .
* Using the concept of serendipity, derive the shape functions for eight node 10
rectangular element in natural co-ordinate system (€ and n).

b) 10

: b) The nodal displacements for the  Ya 10

CST element shown in the figure
are given as: g
v, =1 mm, u; = 0.5 mm, u3=2 mm
v = | mm, v =0.5 mm, v3=2 mm 0
Evaluate the stress for the element.

Take Young’s Modulus (E) = 200
GPa, Poisson’s Ratio (v) = 0.3 and
thickness (t) = I cm. @0, 0)

= Q.6 a) ACST element ABC having vertices A(10, 10), B(10, 50), C(40, 10), and nodal 10
: ' temperatures 50 9c. 60 °C, and 80 °C respectively. Determine shape functions

" and nodal temperature at (20, 20).

10) 0, 25)

(55,0)

'b)  The following differential equation arises in connection with heat transfer in an 10

insulated rod.
d ( " dTy _ 0<x<L
dx dx) B (:i'T =X=
BCS; T(0) = Ty and [K&- + B(T— Tm)] =0
=L
Where T is temperature, K is thermal conductivity and q isxthe heat generation.

Take the following data;
L=0.1m, K=0.1 W/m'C, =25 W/m*°C, q = g = 0, To=50°C and T=5°C.
Solve the problem using two linear finite elements for temperature values at
x=L/2 and x=L. Deriyq the'elcmqm matrix equation for the same.

56096 e« I ,Pa‘g'c 20f2
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Paper / Subject Code: 32622 /Thcrmal Engmncrmg

TE]

Time: 3 Hours

Question No.1 is compulsory.
Solve ANY THREE questions fram the remammg Sfive queshans

Figure to the right indicates Sull marks.
Assume suitable data where\t;é?reqmrcd, but _/usnﬁ) ihe same.

Solve ANY F OUR questlons fr0m followmg (Each quesuon cames 5 marks)
Discuss the eﬂ’éd of i mcrease in tem
which are conductors and insulators. =

Explnm the following non dlmensmna] nu

——
-
N\,

N .

(i) Nusselt Numberx\

(ii) Prandtl Numbe.r

(iii) Grashoff Number

S <
A s"team pipe ] is insulated to reduce the hcat loss. Howcver the measurement reveals

'-

\
—

,Q

- N
™
\,

-~y
<
Y
—~—

Q

.
PN
]

Al
.‘\\'

\
-~
~
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_ Q
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-
~

'\

~

N,

.\‘\

Tlech | sem - ﬁ,} 7‘40\/ 9,09.14

-

"o

v

2. bLﬁ

perature on -thermal conducnvnty of matenals

N i
oy Marks
.\‘ L)
N
o720
’.\.'Y
-~
z
e

mbers appllcd to heat transf‘ “by convecfon

-~

that the rate-of heat lost has mcreased ‘instead of decreasmg Explam thc reason for, this

Qphenomenon

&

<

e

—_—

d)1 Explam B:ot number and Fourwr number apphed to transrcnt heat; transfer

N
Longer |gmt|on lag in an Sl éngine anda “shorter |gnY|on Iag m Cl engme ls‘desuable.o
Discuss the rcason for this:’

Dcscn'be the “effects of \Thermal Converters and Catalytlc Converters on em:ss:on

)

~
—

X0

Za)

_reductron =

<
Oy
\\

\\

-
\

~,
"
-~

SN
~

\_”

-~
Y
—_—

~

,-\

v

cm and stroke length 40 cm; “the followmg results were obtamed
Méan effectivepressure =

“Torque = 407-Nm
-~Speed =250 rpm
-~ Oil consumption =4 kg/h

Calorific value of fuel =
Coolmg water flow rate = =4 5 kg/mm
Airused per kg of fuel ,\*30 kg 3
Rise in cooling water témperature = 45°C

~

°6 bar

~

~

43 M/kg

~

—

—_—

—_—

_\'\; v

\Temperature of exhalist gases =420°C
Room temperature = =20°C -~

o8
o

"-v

-

7

-~

Mean specific heat of exhaust gas =1 k.l/kg K
Specific heat of water = 4 18 kJ/kg K -

Calculate lhe 2 ip, bp and draw up a heal balance sheet for the test in kJ/h.

o

—

. Dunng the trial of asmgle-cyhnaer four-stroke oil cngme havmgmner dlamaer

,\

*\

-
—_—
"
\

20

b) ~ A composntc cyhnder consists of. 10 cm mdlus steel pipe of 25 mm thickness over which

f’fJ

— two layers of msulauon 30 mm-and 35 mm are laid. The conductivities are 25 W/mK,

0.25.W/mK and 0. 65 W/mK:for the pipe,- first layer and second layer respectively. The
1n51de is exposed to convection at 300°C with h =65 W/m?K.The outside is exposed to
airat 30°C with h =15 W/m2 K. Determine the heat loss per metre legth of the pipe.

—

&
S

|

< XI 1 lSYJDADBFXl 118Y3IDADBFX1118Y3DADBFX1118Y3DADBF

-Also calculate the mterfacc tempemmres
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Paper / Subject Code: 32622 / Thermal Enginnering - 3
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Q.3 a) A6 -cylinder 4-stroke C.I. engine develops 220° LW at 1500- T. pm with brake speclﬂc
fuel consumption of 0.273 kg/kWh. Determme the snzqof the smgle hole mjector

nozzle if the injection pressure is 160 bar and the pressure in the combustion chamber

is 40 bar. The period of mjecnéﬁ is 30° of-crank anglc“ Specifi cgravny of' fuél 0.85 -

and orifice discharge coefﬁczent =0 9 \ - - \ N k)
Ca > o> L
\ \ s‘\ ‘\ ':\\ 3 \ ‘_-.:\'
b) A flatplate | mwide and‘l 5 m long is to be mamtmned at 90°C in air when free stream 12~
temperature is 10 °C. Detenmnc the velocity.at which airmust flow" over the plate so

that the rate of energy dlSSlpatlon from the plate is 3.75 kW. Consider the.range of -
convective heat transfer coefficient for laminar flowas h < 10 W/m2 °C and turbulent. 3 S

flowas h > 10: w /mz °C Usc the appropnate correlation from the correlatlons gweu &
below: _::.‘ ~ K Q

— ".. v -}' N “\ ‘-T..
Nu= Ek‘ ‘:\ 0. 654(RE§T/ 2(Pl')" 2 ... for lggnmar flow. " Ry )
—_— —-"\ ) ) \ = p =
Nu = =% =[0.036 (ReL)° 8-936] (Pr) A2 e for turbulent ﬂow RS Q'

Take the following propemes\of air at 0°C: p = 10877 kg/m’;k = 0.02813 W/m°C;- ‘
¢ =11007.3 J/kg°C =2.029 x 10~S kg/ms and Pr=0.703, 3 A R
N . ) i~ - o ¥ A

s & & 5§ & o5 g &

Q.4 a)~ Afins- -mim thick and 45 mm long has its base on a plnne plate which is mamtamed at > 8

O 125°C.\"1'he umb1\cn‘t temperature is 25°C«Thc conductwnty of fin material is. 55 Wim°CL
K and-the convective heat transfcr cocf{ncu:nt is 145'W/m? °C‘ ‘Assummg heat loss by
ov convecnon from the end of the fin determine: —~ -

Q (i) Tcmpcmture at the end of: ‘the fin - Y N S

~N ;\ (ii) Heat dlSSlpate\d by the f'm (per metre “width). _:‘-' el oy
&S 3 ST ¥ ’

) -b) Ina ccrtam doubfe pipe heatexchanger.hot water ﬂows at a rate:of 50000 kg/h and gets 12
D S coaled from 955C to 65°C: -Atthe same. time 50000.kg/h of coolmg waterat 30°C enters
- = t{lﬁleat exchnnger The flow conditions are such that overall heat transfer coefficient
- \wf _ remains constant at 2270 W/m? K Determme the heat. transfer area requued and the
—~ \-‘3 eﬁ'ecuveness assuming two streams are m parallel f] ﬂow Assume for the both the

N - . K &
D <N streams cp=4.2 Ulkg K. 3 \:"_* ,\ >
~ _rw ."\ \\-| \\ Q
Q) >

N Q. Sf 2a) . The eﬁ'ect:\'otempemmre.of a body havmg an area of 0. 12~ m’? is 527°C. Calculate the . 5 ﬁ
N — ~  following: ~= ) L N ~

— ——

Y “ AYi) The total rate of energy emlssmn X N

N N,
.

o = (i) The-mtensxty ofnonnal radmuon S

« R AW
N gt ~ ~ N — c

N~ ;..' o Y Q
.= b) Explam Willan’s line melhod for measurcment of fnctlonal power. 5

- - R ') gy o I8 -
\\ . .\ Yon' AL « \‘

T seasereeaes
QN :
~N
3

Sr

<0 ~ \leferenuatc bclwccn ihe efﬁcmncy and effecuvcncss of an extended surface. 5

g - '
o t - ~ O
N

o~

\,

o \5])' Illustralc with sunable dlagmm the tcmpenture profile from inlet to outlet for the 5
g N fol[owmg > ) ‘
X Q (i) Parallel flow heat “exchanger-. 3

o) %
’ A (i) Cg\unter ﬂow heat exchanger

> Q ‘ (iii).Condenser . > A

(w) Evaporator™ _
\"- \‘ 20 O \“—.

\:\‘ h::\ Y :

N { ¥ ~ - S
g

T B7T117 o o Page2of3
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. XI118Y3DADBFX1118Y3DADBFX1118Y3DADBFX1118Y3DADBF

e/ S i

Scanned with CamScanner



- *\ ' ,\‘—\" L.

Paper / Subject Code: 32622/ Thcrmal Engmncring, &r

ch:h kg = &
(:) ’ —
a)  Draw aboiling curve for water and ndcnm'y the dlfferent bmh ng feg"“e?' E"plai',‘.;qéa‘
regime in brief. = ) ) < o

. N —
i o —

—, .~ ‘u ~

— - - pu

b) A four-stroke gas engine has a bore of. 20 cm and stroke of 30 cm and runs at 300 rpm
firing every cycle. If a1r-fuc1 ratio is;4:1 by volume an vo Iumetnc cfﬁmcncy on NTP
basis is 80%, determme the volume\of gas used per mmute"'lf the calor‘lﬁc value of the o
gas is 8§ MJ/m?® at NTP and the brake thcrmal efﬁcnency is 25% determme th€ yrake A

~ i al S
power of the engine:- R 140 K s -;; FQ 2
— .l- N . \H \‘\:‘ N _.__E' _';\.
¢) Explain the pht:”’omenon of knockmg in Spark Ignmon (SI) engme o N
~ \ v .*-" '\\ _._ \_‘,__ X
’!' I T " ‘ ‘\»\
d) Stateand explam Fick’s Law of diffusion. G Q Q\ O =
o " ~ e P =
S & & S & = £
N e \ - Myt 2 ~ i
. e XX ﬂ-\ XX~ —~—=-XX e ) oy
Foan g ® Ay ~ — ‘ T g *
. ~ \:\ .‘-:\ Q\ e G '
—\ . \ y - _:~ S -
& & < R = A .
,.Q . ) N ~— ‘;\ | — ’\\
A 77 ""\\ Kog g -:-‘ \'3 ’ NG S =y Cad
— - ~ o
by ~ > X S 5 o LS
~ N Y Ny Y Ca ~ ek o)
~ N Q —_ So ) < ~ —
~ = — " < re Q - o
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AL ‘\\ 4 &) 'Q\’ ”L} ‘:: =Y ‘Q D
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| Ay = < ~, ~ N (e
= O o ) ~ A S o
<" " o O Y 2. o
e ~ \ / a [} S
\ - —\ﬂ ‘." \ & “, 4‘\ p, ~ Y
N - O ) ) L Y S0
. = ) £ ) i Sy 3y ~
Q7 o o . P = X
nd ad L S & Q L o
I v T “ x
’Qw e, ' - — 2 ]
" Q ey G QY g \\
o N X ~ Ao R A,
el S &\ﬂ By o X X
~ L 4 N o O \.\ ’ Y
N, - Ve < O A\ ~
| N - Q' X N 2 —
~ N - Q) . -
i :’3 ~ ~ - N e ¥ . ‘\-\
D oy o A N ™y
¥ ) —r— ' { 3
&0 N Y ) A o
- v b X o
o K. S’ ~ ol N
';;T ,.T ': \\U . ',.\' @ ::\
L Q. o - NS &
. . = ) .’\," 24
Lp » . -~ N
& 3 o) o &) Q
N N v Ny A= -’
; " ) A > A
o N <, o A
t_\\ b head q ¥ . \.
R \‘-: Q" % oy
I Q e QY S,
QO o o N N,
- &3 N Q' S
v ~AB7T117T  ~ e %) Page 3 of 3
~ SN =N -
- "y NG Q"
,9' ‘,.‘ J > Xl | I8Y3DADBFXI 118Y3DADBFXI1!18Y3DADBFX1118Y3DADBF
a4/ e 0 .""‘ .

Scanned with CamScanner



A TCoE/Lib) T ser i rrsck /) TR </ 3los/ 202,

Paper / Subject Code: 32621 / Mechanical Measurements & Controls & &

TET Tedharca TeerfE | Mg 88

&S g .\Q 0306 202
\"l\ AN \:: Rell ot -.\\
\; "y ﬁ—", . Ao ‘__‘_ \
Time: 3 Hours = o K S Total MaTks 80 -
. | o QO ANT 2 J‘~’ %
! \ D ra? N Ko A A0
o o oY - % 2 ‘
e\;'u." Q‘ ' r_f \ \:\' |‘;\: ": s
N.B: 1) Question No. 1is compulsory -\ﬁ ,-C\'_w f_‘/ D = i
[OFN an
& P
2) Attempt any THREE qucstlons out of remmmng Fj VE questrons. >N RN
3) Assume sultable}atn whcrever neecssnry \;‘ ; ._jf.‘ ,("H“ - ~
e k:'\‘ ..:‘ v o i -~
4) Useof Graph paper is n!lowed c:"f' ; .,.. & h r - =
5) Figures t6 the right- mdlcntc full marks. " KNy Rl by
N o AL Gy 9 rr
- -5: \—: ;:.'\) d .‘/ \ .\-\_' PN ‘.:)
Qﬁz—’ "r\{:“. \\\\\' I\‘\’;‘ g h / ‘\ ' \.‘-&\ x‘:?‘ : g
1. Answer of the*followin g questlons (any Four):- \‘: AN O o (20) o
RS RS Ka R - LA «
. i) Dlﬂ'erentlate between pnmary, secondary and temary standards ~ \\“F o
N M a0 e o~ o N
ii) Explam roughness and wavmess with sunable dmgram o ey Py NG
-\ N ’H"’ ._:"’,\ ' \\,
m)\« Define: A‘ccuracy, PJecxsron Span and Range of measurmg mstruments % R
& >’ S N o A
*w) What:is RTD" How does 1t work'7 o) o\ ,\ AN Ry
> &S S
ATW) Deﬁne the lenn transfer funchon wnthnts srgmﬁcance in coritrol system:~ s
Y o Sy &
Y w) -—Wnte a note on Freqnency domam spec:f canons \%‘ ‘..‘.”',‘ :‘
Po s Ay N e
i\\ 2. ’(é) Deﬁne.the term gauge factor, of a strain gauge with ns srgmﬁcance. A;" (05)
ol ) g
" ‘ ‘ Descnbe w:th neat diagrams-the workm of McLeod auge for the ressuré measurement. (035
~ g gr o g gaug: P u(e
A \:\ C Fmd the shaﬁand holec d1mcnsmns Wlth tolerance fora 90. H8 e9 panr_wnh the following (10
N - \! \ g
~r \ data Q":ﬁ f\ ' \\ \“ »T.' \\."
) o
o o &Y 901 mm lies ip ‘the drameter step of 80, t0 100 mm
‘*{’ X f,‘ \\ Upper devrallon for e st shaft 11D2 01 ﬂs'j‘-"
Nk & v “Tolerancg-unit i= 0 45 DA + 0 001D micron
. O -
> S0 jAlso ﬁnd jhe type of ﬂt'produced\ T S
S n, NN
N3 (A7 Classufy control s_ystern wnth sultable examples A (05)
N Wha?‘rs 1fference between umlateral and bllateral tolerances" Why is unilateral tolerance  (05)
>y 4 \r
o ,'.*." preferred over bllateral to[erance'7 N .-\-?
> Ko / (CL\Descnbe with neat dlagrams the workmg prlnclple of the magnetic flow meter and (10)
Q‘fv‘ n, ultraso\mc flow meter for ﬂow measurement
"'"\ ’ O 7 ’._‘f.. . AJ? :', ‘J“ ‘ﬁ'
e ‘l‘\:' D ’ \\ ‘QP\‘ ALY
Y ) A o A G
O =, o . “\'J ‘.\: )
o o . N " o)
\ N On? .f‘ ) ~, )
; . S r'mY? A N
N = Oy’ —— e
- A Yo AN =
o N AN A, ~,
% N e o N
ol > s S ey
‘::V;I r/ ' \\: ‘\.‘ivj f\"\’“
.L‘\" ‘r -7 LN 7 ”...\' ‘;\.'.
D =°57391-- S &5 Page 1 of 2
Ry A5y : i e
.\} PR " N . A
o) 5 N N
~ e ~, .
o fv’ \:—;’ X1118YBB9327X1118YBB9327X1118YBB9327X1118YBB9327
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P'lper / Subjcct Code: 32621 IMchmme'll Mcasurcmcnts & Controls L
‘\‘: ~\ Y ' ’-:', .~_ ke .:; | “:\:f
d. (A) What is the difference between dlrect and mdm;et measurmg mstrument? G:ve‘one (05')_:;-

- DN e Ng
example of each type. \‘\ ,j*r "\:: :f‘\‘: ) ,{ o~
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- g’» ~
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Paper / Subject Code: 32623 / Dynamics of Mechinery

TIME: 3 Hrs Total Marks: 80

Instructions:
i.  Question No.l is compulsory
ii.  Attempt any 3 out of the remaining questions
iii. - Use your judgement for unspecified data, if any but justify the assumption.

iv. __ Numbers to the right indicate marks.

Ql.

a.

an o

Q2.a

Attempt any four of the following sub questions:

Compare vibrometer and accelerometer on the basis of the following parameters: mass,
natural frequency, practical applicability and error estimation.

Why does gyroscopic couple occurs. Derrive an expression for Gyroscopic couple.
Compare under damped, critical damp and over damped in details

What do you mean by Dynamically Equivalent systems? State the conditions for systems to
be dynamically equivalcnt

Explain the meaning of wbrauon lsolatnon and transmissibility. List at least four vibration

isolation materials.

A gun barrel having mass 560kg is designed for following data: Initial rcconl velocity
36m/sec. Recoil distance on firing 1.5m Determine i) Spring constant ii)Damping coefficient

© il )Txmc required by barrel to return to a posmon ofO 12Zm from its initial position.

Q2.b

The rotor of a turbine installed in a boat with its axis along the longitudinal axis of the boat
makes 1500 r.p.m. clockwise when viewed from the ster. The rotor has a mass of 750 kg

<“and a radius of gyration of 300 mm. If at an instant, the boat pitches in the longitudinal

Q3.a

Q3l:;

57580

vertical plane so that the bow rises from the horizontal plane with an angular velocity of I
rad /s, determine the torque acting on the boat and the direction in which it tends to turn the

boat at the instant.

A steam engine 200 mm bore and 300 mm stroke has a connccung rod 625 mm long. The
mass of the recnprocatmg parts is 15 kg and the speed is 250 r. p.m.When the crank is at 30°
to the innef 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;

| Sand 2. the’ torque acting on thc crank shaft

Dctcrmme the natural frequency of the system shown in Fig below. Assume the Cylinder
rolls on thc.surface without slipping. Consider the mass of cylinder as M.

— X
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Paper / Subject Code: 32623 / Dynamics of Mcc_hifx‘cry %

Q4.a A loaded govemor of the Porter type has equal arms and lmks each- 250 mm long The. mass (10)
of each ball is 2 kg and the central mass is 12 kg. When the ball radius is 150 mm, the valve N
is fully open and when the radius is 185 mm, the valvé is closed Find the maximum speed.-
and the range of speed. If the maximum speed is to be increased 20% by an addmon of mass

to the central load, find what additional mass is required.

Q4.b  The springs of an automobile trailer are compressed 0.I'm under-its own werght Fmd the
critical speed when the trailer is passing over a road with a profile of, sinewave whose -
amplitude is 80 mm and the wavelength is'14 m. Fmd the amphtude ofvrbratlon ata specd‘

of 60 km/kr.

Q5.a. A five cylinder in-line engine running at 750 r.p.m. has successi'\"e cranks']44° apart, the
distance between the cylinder centre lines being 375 mm. The prston stroke is 225 mm and .-
the ratio of the connecting rod to the crank is 4. Examme the éngine for balance of pnmary' iy
and secondary forces and couples. Find the maximum values of these and the posmon of the - T
" central crank at.which these maxlmum values occur, The rec:procatmg mass for each o .

cylinderis 15 kg \

Q5.b A machine of mass 1000 kg is acted upon. by an extcmal force of 3000 N at 1800 rpm To '(10)
reduce the effect of vibrations; isolators having static deflection of 2 mm under the machine

welght and damping factor 6f0.2 are used Determme 5 o <%

(1) Amphtude of vxbratlon of machine

(ii) Force transmmed to the foundation * 3

(iii) Phase lag and - N . v !
N Phase angle between transmltted force and excmng force Nl ™

A
)

Q6.a Find the dxfferentlal equauon of motion and the natura[ frequency of wbratnon fora system (7)
shown in Fig. Q . R ~ AS

l’ ———

Q6. b Explam vibration based condmon momtormg and fault diagnosis in rotating machine. (5)

Qﬁ ¢ Thenatural frequency and the dampmg ratio of a vibrometer are 6 Hz and 0.22 respectively.  (8)
What is the range of frequencxes for the measurement error to be below 3%.

o N SRR AR KRRk
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Paper / Subject Code: 32623 / Dynamics of Mechinery _

TIME: 3 Hrs Total Marks: 80

Instructions:

i
il.
iii.
iv.

Question No.1 is compulsory

Attempt any 3 out of the remaining questions

Use your judgement for unspecified data, if any but justify the assumption.
Numbers to the right indicate marks.

Ql.

a.

/0

Attempt any four of the followiqg‘ sub questions: -

Compare vibrometer and accelerometer on the basis of the following parameters: mass,
natural frequency, practical applicability and error estimation.

Why does gyroscopic couple occurs. Derrive an expression for Gyroscopic couple,
Compare under damped, critical damp and over damped in details

What do you mean by Dynamically Equivalent systems? State the conditions for systems to
be dynamically equivalent. . - \ o - :
Explain the meaning of vibration isolation and transmissibility. List at least four vibration
isolation materials. ' \n ‘ !

A gun barrel having mass \56(-)kg is designed for following data:_Initial recoil velocity
36m/sec. Recoil distance on firing 1.5m Determinc i) Spring constant ii)Damping coefficient

" -11i.) Time required by barrel to return to a position of 0.12m from its initial position.

The rotor of a turbine installed in a boat with its axis along the longitudinal axis of the boat

-.makes 1500 r.p.m. clockwise when viewed from the stern. The rotor has a mass of 750 kg
- and a radius of gyration of 300 mm. If at an instant, the boat pitches in the longitudinal

vertical plane so that the bow rises from the horizontal plane with an angular velocity of |
rad /s, determine the torque acting on the boat and the direction in which it tends to tumn the

boat at the instant.

© A steam engine 200 mm bore and 300 mm stroke has a connecting rod 625 mm long. The

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.

Determing the natural frequency of the system shown in Fig below. Assume the Cylinder

~ rolls on the surface without slipping. Consider the mass of cylinder as M.

— X

77777777 i 17477777
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Q4.a

Q4.b

Q5.a,

Q5.b

Q6.a

QG-

(iii) Phase lag and T ' = Ry
“.(iv) Phase angle between Uaﬁsmitted force and exciting force.

\ \""‘l \, 1‘~ . .‘_“ / b ‘...- ,l
Paper / Subject Code: 32623 / Dynamics of Mechinery

A loaded govemor of the Porter type has equql;ikﬁs and links each 250 mm loﬁg. The mass

of each ball is 2 kg and the central mass is 12 kg. When 'the ball radius is 150 mm, the valve

is fully open and when the radius is 185 mm, the valve is closed. Find the maximum speed
and the range of speed. If the maximum speed is to be increased 20% by an addition of mass
to the cenitral load, find what additional mass is required. -

The springs of an automobile trailer are compressed 0.1 m under its own weight. Find the
critical speed when the trailer is passing-over a road with a’profile of sinewave 'whose
amplitude is 80 mm and the wavelength is 14 m. Find the amplitude of vibration at a speed
of 60 km/kr. o 3 < e N g '

A five cylinder in-line engine running at 750 T.p.m. has successive cranks 144° apart, the
distance between the cylinder centre lines being 375 mm. The piston stroke is 225 mm and
the ratio of the connecting rod to the crank is 4. Examine the.éngine for balance of primary

and secondary forces and couples. Find the mnxim\ﬁm values of these and the position of the
" central crank at which these maximum values occur. The reciprocating mass for each

cylinder is 15 kg. R & T e
A machinc of mass 1000 kg is acted upon by an external fog;:é:bf:iooofﬁ at 1800 rpm. To
reduce the effect of vibrations, isolators having static deflection of 2,_mr'ﬂ under.the machine

weight and damping factor of 0.2 are used. Determine : -

(1) Amplitude of vibration of machine
(ii) Force transmitted to the foundation L Ry

-
>

Find the differential equation of motion and the natural frequgzicy of vﬁbraiion for a system
shown in Fig. e ~

\. _3'

£ mpns o
-

'-';Explain vibration based condition monitoring and fault diagnosis in rotating machine.

(10)
(10)

(10)

(10)

(7

&)

Q6:c  The natural frequency and the damping ratigpfva vibrometer are 6 Hz and 0.22 respectively.  (8)

What is the range of frequencies for the measurement error to be below 3%.

e a8V P
VP { vy
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