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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :
There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and § are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question [ part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be

stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer (QQCA) Booklet must be clearly struck off.

SKYC-U-MCHE 1




Q1.

(a)

(b)

(c)

@ug A
SECTION A

T U ATET o Fah I fHeh1 R W 21 591 r 8, h 396 & 709 W
TFh % kg I AR TR &fed s P & ofen s R | fag hifse 6 P

2
W'Vfihh‘h 3 oirer o 2 |

A heavy carriage wheel of weight W, and radius r is to be dragged over
an obstacle of height h by a horizontal force P applied to the centre of

.y/2rh — h?
the wheel. Show that P is slightly greater than w o o .
r —

T Mo T TH Sisheht ol B T8 W 70 mm, 80 mm T 50 mm B ght
W 6 kg, 5 kg 41 4 kg & o ZAAH HEA: 45°, 135° AAT 240° HIU
feufernt w8 | it feafemt x-s1e 1 fen & e e @ amred e § =t
T 2 | Wfaes dgeH % T savEs 85 mm Brea gt W wfagemm Y o
Hifo |

A disc mounted on a shaft is having three masses of 6 kg, 5 kg and 4 kg,
which are attached at a radial distance of 70 mm, 80 mm and 50 mm at
the angular positions of 45°, 135° and 240° respectively. The angular
positions are measured counter-clockwise from the reference line along
the x-axis. Calculate the amount of countermass at the radial distance of
85 mm required for the static balance.

T TeR § S T 25 m/s % I ¥ TH qiTE i qag § SR A @ 8, T
TeeR e foam Sren @ i Bt Y o1 5 Sehve % W1E G ol @ |
1 97 340 m/s THA §C AR Hl HaTS 39 WY FQ HITC e ek Y e
ST R |

From a balloon ascending with a velocity of 25 m/s above the surface of a
lake, a stone is let fall and the sound of the splash is heard 5 seconds
later. Find the height of the balloon when the stone was dropped,
assuming that the velocity of sound is 340 m/s.
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Q2.

(d)

(e)

(a)

TS AR U w1 R HE § ? FCC fhed et &1 wEmve afdh
U ST T |

What is the importance of the atomic packing factor ? Compute the
atomic packing factor for the FCC crystal structure.

TF 20 cm SAH F 1.5 m o IR & &0 ) ot s3fom 5 @1 S 2 |
R & g W o wh Ikt &1 R 20 kg 2 | A IR+ U
TR AT 2 x 108 kg/em? &, @ W9 i Shif=de T =6 Ifd fiFe o
gferford HfvT |

A 1-5 m long shaft having diameter 2:0 cm is held at the ends by long
bearings. The weight of a disc at the centre of the shaft is 20 kg. If the
modulus of elasticity of the material of shaft is 2 x 106 kg/cm?, then

calculate the critical speed of the shaft in cycles per minute.

o 2(a) #, AB ™ g% ®8 2, CE, 20 mm = 6l MG hl B aA
DF, 20 mm =9/ & dfd 6 3 8 | I 3R A &5 & 991 30 kN &1 T 9K
W B B W o @I &, dl 399d 3N dfd i D8l 1 Afdes d91 A |

hafsean ma I |
feam ™ 2 ¢ Eq = 200 GN/m2 @21 E, = 100 GN/m2

TMME 30 kN
1m-r*3¥crraﬁ@g
A° l C - B
fe—1 m—i¢ 2m ~+—1m—>|
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In Figure 2(a), AB is a rigid bar, CE is a steel rod of 20 mm diameter
and DF is a copper rod of 20 mm diameter. If the end A is hinged and a
load of 30 kN acts at the free end B, find the stresses in the steel and
copper rods and the reaction at A.

Given : E; = 200 GN/m?2 and E_ = 100 GN/m? 20
upu B
T 30 kN
1 L— Steel rod

m

| |o N
A° B

f—1lm—e—2m 1m —y
1m

«— Copper rod

i F
Figure 2(a)

(b) TH U TR H TAH WS Hl @ 350 mm B | el yord goi s
25 mm 1 g W &g ¥ a8 & 9 FH qSC qUH NF W gy &
g W 250 N 1 91 8 q91 T3 g &1 g 25 N 2 | AfE el 61 gue
=1 225 rpm W 125 mm &, 91 FefaRaa =1 gftewfaa Sifsm .

() TR v 59 w=ha 55 mm I3 W B
(i) S
(iii) e &1 9fE

The length of each arm of a Porter governor is 350 mm. The lower arms

are attached to a sleeve at a distance of 25 mm from the axis and the
upper arms are pivoted on the axis of rotation. The load on the sleeve is

250 N and the weight of each ball is 25 N. If the radius of rotation of the
balls is 125 mm at a speed of 225 rpm, then calculate the following : 20
(i) Speed of governor after the sleeve has lifted 55 mm

(i) Effort

(iii) Power of the governor

(c) <ig Tayag & sgam@ WM B4 & 9 wRen 6t fga=m fifse qon g
Tagrarg & & @eon i off faasm Sifsie St sah swnfia s difa =@ g
Discuss three reasons why ferrous alloys are used so extensively and
also discuss three characteristics of ferrous alloys that limit their
utilization. 10

- A
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Q3. (a) T 3(a) o wft Truhiy waal &1 o¥v UM 0-2 B | FA1 25 kg 1 &A, TH
A N SR I TE R HUT, Gged § T, I1 I8 301 811 8 ok A =1 =
M Y qA B H @ I Y TE T TN 2 25 kg H § [Ch o HLA-AA T
o @ 2 Tl 6 20 58 auen ) audei 9 99 © |

06 m ———

15°

| "

e———25 kg

| e 50 kg

J77777777777777 7777777777777/

NOUOMONUONNNONUNNNNNNNNANANANYN

The coefficient of friction for all contacting surfaces in Figure 3(a) is
0-2. Does the 25 kg force move the block A up, hold it in equilibrium, or
is it too small to prevent A from coming down and B from moving out ?
The 25 kg force is exerted at the mid-plane of the block so that we can
consider this a coplanar problem.

06 m —>

15°

/

100 k/ B
e———25kg

////// 50 kg

77777777777 7777777777777/7/7/7

NOUONOUONONONNNNNNNNNANNANANNANN

0-6 m
Figure 3(a)
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(b) aeitd st 1 g TH WG T & T fog W Higg B | wfdwelt v afmm
qen feemd o 3(b) # U Ufqeer 31 W ewin W R | 39 a9 W Ul Hi
uRepfora i St T 58 o/ +1 15° % *v1 grr g 1 fen o g ww
frm A

4 Py= 20 N/mm?

qé— 1

P;=80 N/mm?

T 7 q=30N/mm?

Jl P2
1= 3(b)
A plane stress condition exists at a point in a loaded structure. The

stresses have the magnitude and directions shown on the stress element
of Figure 3(b). Calculate the stress acting on the planes obtained by

rotating the element clockwise through an angle of 15°. 20
4 Py=20 N/mm?
qb—mo— 1
P, = 80 N/mm?
Py

T 7 q=30N/mm?

VP,

Figure 3(b)
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(c) gmﬁ,mwmﬁqm-mwﬁ%gﬁﬁﬁéw
|

Discuss microstructure and mechanical properties of pearlite, bainite
and martensite. 10

Q4. (a) o Fqdferd R (W ®) &1 g« H0 20° T TAEF (ATSE) 6 mm 2 |
ot w et < g 28 dun o R W 52 2 7 |
ﬁmf%«rﬁaaﬁmmﬁﬁrq:

(i) H9Yh U
i) e afed oft fufem = fomen w0
(iti) IO 1 R A 9 1 A
(I) HUH & I H,
(1) fo= fagm,
(II1) 9 <ht FHIe W |
fafrem iR firer =il W wEe U T (Wised) % Set 7 S |

Two involute gears in mesh have pressure angle of 20° and module of

6 mm. The number of teeth on pinion is 28 and the larger gear has

52 teeth.

Calculate the following : 20

(i) Contact ratio
(i) Angle of action of gear wheel and pinion
(ii1) Ratio of sliding velocity to rolling velocity at
(I) Starting of contact,
(II) Pitch point,
(III) End of contact.

Consider the addenda on pinion and gear wheel as equal to one

module.
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(b) U TG % 3 Iq WH W 12 kNm I 5o 30 3 16 kNm 1 UaT
AT T A 2 | Th G Uh-39Ef - v § 38 verd w1 e
forg wfdeiet 300 N/mm? 9T TR | Gt Ui I 2 WA BT 39 adel W9 6
SAH IEIE A H A () Afuwan ger iiew fagi, den
(ii) Srferepan srequ Sioee fagia &1 T # g¢ AT |

A solid circular shaft made of steel is subjected to a bending moment of
12 kNm and a twisting moment of 16 kNm. In a simple uniaxial tensile
test of the same material it gave the stress at yield point = 300 N/mm?.
Assuming factor of safety = 2, estimate the minimum diameter required
for the circular shaft using (i) Maximum Principal Stress theory, and

(i) Maximum Shear Stress theory.

(c) Tm=afafaa w afem feofimi fafe .
gfte-firea
(i) F-uer
Write short notes on the following :
(i) Ceramics

(i1) Nano-materials

SKYC-U-MCHE 8

20

10



wvs B
SECTION B

Q5. (a) Togd-omues % w9 ¥ Hifsan aeiss faerM 1 379 Hid g TH dle
Tag ! Tagm-vemtie wsfima gfen 6 78 e Freafafed Seor am -
ﬁ'ga-awaa =1 fafsre afeie = 5 Q cm (ohm-cm)
dieed Mmyfd = 15 V fose am
TAre 1 Tag I IFTIY-HE FIFA = 20 mm x 20 mm
3R 3 wEEE & i F1 FS = 0-3 mm
e % fou fefafaa stiwet 1w Hife
Gl = 2, THTY WK = 55-85, 991 T4 = 7860 kg/m?
ar1 ) 281 I 100% a1 H2 fRi = 96540 FAM HIHT |
I faga-uarfie aufi iR # uered-guedentor g aur Soidgis TR &
i U T |
In an electrochemical machining process of an iron surface using sodium
chloride solution as electrolyte, following observations were made :
Specific resistance of the electrolyte = 5 Q cm (ohm-cm)

Supply voltage = 15 VDC

Cross-sectional area of iron surface = 20 mm x 20 mm

Gap between the tool and workpiece = 0-3 mm

Use the following data for iron :

Valency = 2, Atomic weight = 55-85, and Density = 7860 kg/m3

Consider the current efficiency as 100% and Faraday’s
constant = 96540 Coulombs.

Calculate the material removal rate and electrode feed rate in the above

mentioned electrochemical machining process. 10

b) TH 2 x 10° W/mm?2 iw-gHar i oor fRuge ws Smdi-samm (e
i) &I 9 | firedt R | 32 Faa 10% frogs H ke sEwfia g 2,
@ 7@ Fa Hifvw fr SR -3EE H gag e g R T W9
St |
Freafefaa =1 w=m Hif
FE1 Il = 0-27 W/em-°C
e fafime s = 3-36 J/em3-°C
e feieg d9A™ = 1455°C
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A laser beam with power intensity of 2 x 109 W/mm? falls on a stainless
steel sheet. Find out the time required for the stainless steel surface to

reach melting temperature, assuming that only 10% of the beam power

is absorbed.
Use : Thermal conductivity = 0-27 W/em-°C
Volume specific heat = 3-36 J/cm3-°C

(c)  rgwgar <l fafie wmrdi 3t TR-srgeaa 1 arrl W foem w5 gu @ 3ik

Melting point temperature = 1455°C

TUTET % Sfte Jrear-aeet (gfaun) Fi e Fif |

Discuss the trade-off between cost and quality considering various costs

of conformance and costs of non-conformance.

d & Fm X ot T wheeht @ i efieer = W R | a8 oA
50 1S Teh U H IcdTied HUN | 350 &, THT a9 qEaadl i Fr=ifed

aiferet # femmn mn ?
Eap] qIcehiicth qaadi | el &1 a9 (FHUE)
A - 55
B A 30
C A 22
D B 35
E B, C 50
F C 15
G F 5
H '8 10

(i) <eTs @ difsu |

(i) NG 50 IHIE /G2 F1 T THY TR HIRT |

(iii) HHE-RIAT i Agifaes T Fa FIfT qon FE-LIE | w6 w5 fAds
HINT | o1 319 Hgifass =Faw @ 3ifies HE-RIA H1 ST Hh W

e e & 2

(iv) AT ! g&ar ug Soid feot 70 HifSw |
(Te@ o T fafr 1 v Hifsw)
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