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MECHANICAL ENGINEERING (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

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.

Question Nos. 1 and S are compulsory and out of the remaining, 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 have 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 Booklet must be clearly struck off.
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(@) TF U AB, forefl o 2 m ®, A forg W st F 5 @R B @0 B forg W TF W F g,

S guuRiEd <1 Rl (P, O) % TW 4 g Nl 8, I B, QHSO]{NWWEBTQ'Q'Q

®, o1 fop = == 1(a)ﬁa'5ﬁa1w%|x?g\°lfﬁnﬂmaﬁﬁq Sefh 100 kN & 91 81 W

HITeTe |

SR AT R A R areEe] § afas foufa 4 @t 21wy @ = 9 '\ w yfate s

A beam AB of length 2 m, hinged at A and supported at B by a cord which
passes over two frictionless pulleys (P, Q), carries a 50 kN load as shown in
Fig. 1(a). Determine the distance x, where 100 kN load is located on the beam,
if the beam is to remain in equilibrium in horizontal position. Also determine

the reaction at the hinged end.
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3 1(a) / Fig. 1(a)

(b) = o 1(b) ¥ T I W Wioae i Aaen suidl 7 7
frferiaa =1 fruior Shifs

A state of plane stress is shown in Fig. 1(b).
Determine the following :

(ij Principal stresses

(ii) Principal planes

(i) Maximum shear stress

10 MPa
>4 MPa
h 4
A
50 MPa<« > 50 MPa
v

A
&._
10 MPa

4 1(b) / Fig. 1(b)
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(c) WH gaol M 9 1 =A™ 1000 mm T AR 2 mm 7, E® < 4 MPa &1 AT<ih

gE1g & | I YARYAT U Ud YIF6- 3T41d & 0 H9: 200 GPa T 0-3 8| F=fafaa =
RIGECAIE 1L

(i) B4 ldee
(i) = AT T qiEdA

A thin spherical vessel of 1000 mm diameter and 2 mm thickness 1s subjected

to an internal pressure of 4 MPa. The Young’s modulus and Poisson’s ratio are
200 GPa and 0-3 respectively. Find the following :

(1) Hoop stress

(ii) Change in volume of the vessel 10

(d) T&F arq-IifeTd 5 95 rad/s | 300 kW il 3ith Icqd HT@1 21 FHAl 1 ARAT o1 0- 1
2 ug T{q i ITTERAT ! 39d Tid 6 + 0-5% deh {1 ATl 8 | 3Ta9Th ddTcdeh =sh ol Fo9HM
14 hifse gfe gfigao B 2 m R

A steam engine develops 300 kW power at 95 rad/s. The coefficient of
fluctuation of energy is found to be 0-1 and fluctuation of speed 1s kept within

+0-5% of mean speed. Find the mass of the flywheel required if the radius of
gyration 1s 2 m. 10

(e) U HIH, fSHH s=2mm 8 kg 8, &M & I @t B) &t $i 9% gga1 54 N/mm 21 59
YUl o 918 Ush SIEIE o foa T B, S 40 N 1 S 0Tl 8, WEfh SegHM Wl af
1 m/s &\ f=fafaa &t o Hifse

(i) I AIHGH 0T

(ii) 3TaHE 0T
(iii) TR &Y
(iv) T GRSl AT

A machine of mass 8 kg is supported on springs having combined stiifness of
54 N/mm. A dashpot 1s attached to the system that exerts a force of 40 N,
when the mass has a velocity of 1 m/s. Determine the iollowing :

(i) Critical damping coefficient
(i) Damping factor
(iii) Logarithmic decrement

(iv) Ratio of two consecutive amplitudes 10
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2,

(@) AR e & TH Y[ g\ F ANSE 200 mm 99 TeUE 300 mm B FED FR

4 m & ysrell forgfd W 6 kN/m <t TEfaaftd s e g7 3, S & fm 2(a) o i
¥ g wfdae! & i wd fem 6 o sg fag WS St 9 e @ 0-50 m aen
JeTEF 2181 § 50 mm 3 fera 2

A simply supported beam of rectangular section i1s 200 mm wide and 300 mm
deep. It supports a uniformly distributed load of 6 kN/m over an etfective span
of 4 m as shown in Fig. 2 (a). Calculate the magnitude and direction of the
principal stresses at a point located at 0-50 m from the left support and 50 mm

above the neutral axis.
:6 kN/m
A B
T< 4 m >‘|

3 2(a) / Fig. 2(a)

(b) T F FAFER DR F A AWM i g fr=fafad dmar & R osnan w i,
safh 38 W A0S o @1 B | 0 TR 9igEe $1gurd 0-3 ® ¢
(i) Aftreran Fidsd THg=
(i) iR TuEgY laed e
(i) STUHAH Tashid g
Compare the permissible diameter of a steel circular shaft, subjected to

torsion, according to the following theories of failure. Assume Poisson’s ratio to
be 0-3 :
(i) Maximum stress theory

(i) Maximum shear stress theory
(i) Maximum strain theory

) T fam 2(c) # ewi T M w9 TE UE-gR F FW 30° Fehl g8 Ude W™ | TE o P,
o] g% Fdg % oo, S 9 @8 RISl 81 U qi FRR dai & Hig §ed SW AT
Fe ¥ €t 9 2, Nod F9f @ & =@ B Akl 1 G| A FTAHE 981 (Fdel) W 8
g 1 Wi wdor ones o 8 ania w0 ) w6 P stftshan Al O SR, $EE R
fop 1S fpde B
Fig. 2(c) shows three flat blocks positioned on the 30° incline. A force P parallel
to the incline is applied to the middle block. The movement of the upper block
is prevented by attaching to a fixed support by a wire. The coefficient of static
friction for each of the three pairs of mating surfaces i1s shown in the figure.

Determine the maximum value which P may have before any slipping takes
place.

3
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3. (a) TF UGMER F M qwe wl, SEEH T=E 1 m q0 =W 50 mm 2, 99 o= 3R oo
rEdl A8 (50 mm ) % FETE o ATAFRHR A9 W 98 o7 a1 21 39 e § oF fget 6
T o H VS Hv Uid 3RS ASE Sl W@9E @) G99 B SO b ATTRER 39
AT ATE 7 {7 ST 1 ggal Iomh, (Gam % gad o 1 d1 T 2

A solid aluminium shaft 1 m long and 50 mm diameter is to be replaced by a
tubular steel shaft of the length and the same outside diameter (1.e., 50 mm)
such that each of the two shafts could have the same angle of twist per unit
torsional moment over the total length. What must the inner diameter of the

tubular steel shaft be? The modulus of rigidity of steel is three times that of
aluminium, 20

(b) T U TERiFRTR TR A o 3(b) # wia w21 frR A, D 3R E wwargds P oot
A TG © | EgH IR B e Cwiy-wy Q ¥y, S fF o P R W}, g w3
qft gt 1 fu= w9m 21 R A, B 3R ¢ & w1ferss 2fdl 1 9= #9w: 18, 45 i 21 3

fr D wd E teit Fee @1 i A 100 rop.m. & nfd & o2t i faofa fem & goar @ qen

R D 450 r.p.m. & 7ifa ¥ 9t i G0 & smar ®1 s F aen R £ 6 nfy v fewn 514

e
=h[TWU |

A compound epicyclic gear is shown in Fig. 3(b}). Gears A, D and E are free to
rotate on axis P. Compound gears B and C rotate together on axis Q at the end

of arm F. All the gears have equal pitch. The number of external teeth on gears
A, B and C are 18, 45 and 21 respectively. Gears D and E are annular gears.
Gear A rotates at 100 r.p.m. in counter-clockwise direction and gear D rotates
at 450 r.p.m. clockwise. Find the speed and direction of arm F and gear E.

=3 3(b) / Fig. 3(b) 15

() FHI33 VI (38d) & U wfR~em wfom gawme (Ho o Ho) fay ST 9o FHifea
ITSTY | WTRAT TR (% g%HYE) % e 3, o dio Fo fo § suge wfem a! =01
SN ek el IYAR & AR (FHATRRT) va w3t (Fefm) 1 a9zet

For a eutectoid steel, draw and label continuous cooling transformation (CCT)
diagram. Explain normalizing and hardening heat treatment with regard to
phase transformation using relevant cooling curves on CCT diagram. 15

QS TE. R-CUEVEZ [ 36 5 [ P.T.O.
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4., (a) <R TAEH A, B, CWD@W%WJ@%@Q%H%@@WI‘H@%% A TSI I
12 kg, 10 kg, 18 kg 3R 15 kg & &, 3R 3% A4 hl BRI 57 40 mm, SO mm,
60 mm 3R 30 mm 3| FHHH A & "4 §9HH B, C @ D il Hivfia feafa 60°, 135°
Td 270° B e & T s1avas SeamH 1 9iE vd 36! fdfd 100 mm #t = @ 31d
e

Four masses A, B, C and D are attached to a shaft and revolve in the same
plane. The masses are 12 kg, 10 kg, 18 kg and 15 kg respectively and their
radili of rotation are 40 mm, 50 mm, 60 mm and 30 mm respectively. The
angular positions of masses B, C and D are 60° 135° and 270° {from the
mass A. Find the magnitude and position of balancing mass at a radius of
100 mm. 20

(b} °g 35qma =+ foru yfoed-faspfa sm@ s qen = W Iufeyd fawy famgant &1 quH $ifs)

Draw the stress-strain diagram for mild steel and describe the salient points of
the curve. 10

(c) TH G TaR 6 gt et i TE1E 240 mm B U1 F8 T Fesl b FN A 9101 & 9 2
g% 81 T T1e 1 ZAH S kg B T WA W18 kg 1 W T W@ 21 718 1 9RUY 150 mm
B, W9 Wile SW IIAT A Ll ¢ 9 AfEad 1fd W 200 mm &) Ffatad w1 g

S
(i) T 1 9iE (39)
(1) FEEARieral Uk, Ife Tid ® "9 10 N &c ®h == 8

A Porter governor having all arms of 240 mm length 1s pivoted on the axis of
rotation. Each ball has a mass of 5 kg and the load on the sleeve is 18 kg. The
ball path is 150 mm when the sleeve begins to rise and 200 mm at the
maximum speed. Find the following :

() Range of speed

(i) Coefficient of sensitiveness, if the friction at the sleeve 1s equivalent to a
force of 10 N 20

S TVE -t /36 6
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5. (a) U% <i1g gag $l, Tas 89%d 400 mm?2 B, 15 V <0 dieed Td 0-3 mm TA-Feh4id Y
F1 AT Y gy, Toaga-temaiie (seeehiiea) i 6 Sl 71 Sie gelegiese @ U
(Fz) varfed Bl 2, 91 T wfedig 0-0015 Q € ® | g Fshed &, To 3o 3Ro (m° /)

F1d Hifsu |
AR ¥ g=f-ad SRt faiaa 2
qUIShdl = 2

ATV 9 = 55-85
g = 7860 kg/m”
e frames (FiEE) = 96540 FAA
Electrochemical machining of 400 mm<“ surface of iron is performed using

supply voltage of 15V and tool-workpiece gap of 0-3 mm. Considering gap
resistance for the flow of current through electrolyte to be 0-0015 €, calculate

the metal removal rate, MRR (m>/s).
The relevant data for iron are the following :

Valency = 2

Atomic weight = 5585

Density = 7860 kg/m>

Faraday’s constant = 96540 coulombs 10

(D) Q%?{ﬁ'@ﬂﬁﬁﬁz,ﬁﬂﬁ?ﬁgrﬁSOOmmaﬂIﬁﬁQOmm%,"ﬁ@'ﬂRﬁﬂﬁﬁW
MERE 3 ICRACAR 16mmﬁaﬁﬁ%lﬂﬁﬂﬁ'{ﬁm400mm,%ﬁﬁﬂﬁl 80 r.p.m. 3K
Afer % SRA ofwd yare ufdast 400 MPa 8, 1 ar@lds fasfd (g ©4) o Ut sid (kN)

T4 <hilvIu |

An annealed copper plate of 300 mm width and 20 mm thickness 1s rolled to
16 mm thickness in one pass. Considering radius of the roller as 400 mm,
rotational speed of 80 r.p.m. and average flow stress during rolling as
400 MPa, calculate the true strain and rolling force (kN}. 10

(c) TETd N AL % AT @ a8 F Hod AR A SR B &l 3w AT 71| AER ¥ Wi
HiFe /[amih TTee FHfaiad grefl § e e 1 200 fie & ER-SieA & 1A $E-91

2

3R 319 3990 shil 3R 41 7
I TR~ gHlaxw & et n &7 U fiae 3SR -Sfia
a1 & 7T &d= 7fd (m/min)
ANR A 0-25 150
AR B 0-30 180

The machining of steel is carried out using two types of cutting tool, 1.e., tool
A and tool B. Data/technical parameters related with tools are given below 1n
the table. Which tool will you prefer for 200 minutes of tool life and why?

Tool Value of n for Cutting speed for
tool life equation one minute tool life (m/min)
Tool A 25 150
Tool B 0-30 180

10

QO TTE. R-cHEICE /36 i | P.T.O.
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(d) <H ey (FHSmRE) w1 8, IR Td gl (AR U9 999) 9N o @iy, fafii % des A
HHHATRU |

Describe the philosophy of lean management including waste and value stream
with regard to manufacturing. 10

(e) TRl 9€q (HE:) &l "M 500 $Hsdl T 600 TH1EAT g—auar ﬂFIT'g Ug 3T HIR o forw 2| afe
Jells H1E % e1C QeTga 300 318dl 6l &, A1 =Rumdrehl Tgoism (Yaganfamd wyfen) fafy
¥ TR 918 1 qargqH 14 shiieg | 3T v’fﬁ@%aw a1 03 2

The demand for an item 1s 500 unmits and 600 units for July and August
respectively. Considering forecast for July as 300 units, determine the forecast
for September using exponential smoothing method. Assume value of «x as 0-3. 10

6. (a) TFH GUEA (HT) o 7T, S Fdd ISR F 3T @ & AR ToE afd o (& )
se &, fafaiga sree feuw o 2 -
&9 -AIET] 377U =
Afd o = 5°
J&d %d4 9 = 1600 N
U (9%2) 91 = 1300 N

T - SN (AUYE (3=2THH) W AT T IV, 990 o (N), 9E o (N) T T80 -1
RINIESIS I

For orthogonal turning using a cutting tool having a rake angle of 5°, the
following data 1s given :

Chip-thickness ratio = 0-5

Rake angle = 5°

Main cutting force = 1600 N

Thrust force = 1300 N

Calculate the shear plane angle, friction force (N), normal force (N) and
coefficient of friction at chip-tool interface. 20

(b) THHTE i T =il i TRA fftea 1@ (Fo 330 Sfo) Afcen wgfa g7 aee fmn s 2,

ﬁmﬁ dfee #2150 A, 3T dieesl 12 V ae 374 dad fd 2 mm /s 1 3980 8ia1 8| afe
T4 fofgn S 1o dlo 3mge o Afcen Tgid H FuT Tl 247dl 90% 2 2R T yfie 3ies
a1q (Al) = fomem & w15 J/mm® o 6 Sagsd 8l 2, 91 39 9<id 9 faam 6
Sl ol JTd hINT Il Ie8 T (Sa182) & HIE Fl &9%A 20 mm * ¢l

Two aluminitum plates are welded using tungsten inert gas (TIG) welding
process with the help of welding current 150 A, arc voltage 12 V and arc travel
speed 2 mm/s. Considering heat transfer efficiency of TIG welding process as
90% and heat required for melting unit volume of metal (Al) as 15 J/mm*,
calculate the melting efficiency of the process if the cross-sectional area of the

weld joint is 20 mm*?. - 15

OB T - CH P / 36 8
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(c) gl dietse wefilan & fagma &1 3uyw = & @iy quA $ife) e giese mefitn &
1l wd IUAATeT & 9R H foifau |

Explain the principle of abrasive waterjet machining using suitable schematic.
Write the advantages and applications of abrasive waterjet machining. 15

7. (@) ¥® wE {33 % " H dqaEnh =mEeE & fau g vgfa 3 freafataa dmmd @ 53 2
% = 309 05, mm ¢

(i) AT SR

(i) T9e wd 55 & = ey T ()
(iti) AR T 1557 H Hm
(iv) HIhdH Td =IIdH STFHITI

The following limits are specified to give a clearance fit between a shaft and a
hole in a limit system

Shaft = 30 o9, mm ¢
Hole = Boig:ggg 0
Calculate the following :
(1) Basic size
(i) Shaft and hole tolerances
(iii) Shaft and hole limits
(iv) Maximum and minimum clearances 15

(b) Tt 3de & s H At A & T=IOH 40 min od g1 AR o 9efiv 6 g8 80% B 3R
rdtpid 20% 7, @ 800 71 Uid HHIE sHH & fofu 37avgs oie AfAl &1 F& 1 YR
ifse ) wm efifste for 52 wer wfd ad 3tk 48 =2 yfa wuR wREr =5 3uesy B

Lathe machine operations take 40 min to produce a product. If the efficiency of
the lathe machine 1s 80% and rejection 1s 20%, then determine the number of
lathe machines required for producing 800 pieces per week. Assume 52 weeks
per year and 48 hours per week as working hours available. 20

QS TE- R-CUEIEEL [ 36 & [ P.T.O.
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(c) = Fyio wrf wE we w1 fmi @ R, Ses gy A faiaa g 3uesy R

e 313 Tashd Jed = & 20
ufd 313 9iadi @ = & 10
Afgaa &md = € 2,00,000

areien giEadaeiial STe €91 % S=atid giREd] ama 20% 3R Fivga | 10% 98 1 B
afe B QU T §C HIHN h1 FATC [T SC, 4 weniied fozpa gea @1 g’

A manufacturing company is producing an item for which the f{ollowing
information is given :

Selling price per unit = ¥ 20
Variable cost per unit = ¢ 10
Fixed cost = & 2,00,000

However due to changing market condition, variable cost increased by 20%
and fixed cost increased by 10%. If the breakeven quantity 1s maintained, then
what will be the revised selling price? 15

8. (a) T we H 1w @ud 350 TR (YFHE) B M uld yfe &1 geg & 15 71 wrel gl 98
drTa 20 ufawd 8 3 3Rw @d € 40 Ufd oW B W@ o AW 1 HIE 1 AUl HIA 2
o 3o Teto o ! HH §C F=fafad = womr Hhif -

(i) AT AT
(i) TAUSR

(1) AdH &I

(iv) SghaH TR
(v) a9 Fﬁﬁ

Monthly consumption of an item is 350 units and price per unit is ¢ 105.
Inventory carrying cost is 20 percent and ordering cost is ¥ 40 per order; lead
time of 1 month’s stock. Assuming ROL system, calculate the following :

(i) Reorder quantity
(1) Reordering level
(i) Minimum level
(iv) Maximum level

(v) Average inventory 15

QT T-CUEYEE /36 10
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(b) Tk SR HHIGT A9 It & 9™ FR 991 @ g 3ifom Frlew wxar B sifom e 3§ =8

W=l o F<d § &R F qhen R sirar g o sueh S Sl ) wevee @ T R e
Yl ol HgE A H TWEA T bl & (B2 9 a1 1 depan ®) | agf=e 9 W qrafies <9
(10) =R wligu R S & T sid =i | 1 6 g' F g T 79% HR F g0 IR i
% o2 Y Hihe 19 R mw 31 C 9 & forw fgzor dimaett = fuRor afr feoqofi $Hifs -

qAT / B 112131456 ]|7]8] 9|10

s

TiyT $ GEgT 1012130809 |10|121 20|07 | 06

A car manufacturer performs final inspection before shipping to the dealers.
The final inspection involves testing and inspection of car with regard to
number of parameters. There is a possibility that a car may fail to satisfy
various parameters (which can be termed as defects). Periodically ten (10) cars
were taken randomly for testing and inspection. Data obtained after inspection
and testing of each car with regard to number of defects is given below.
Determine the control limits for C chart and comment :

Sample/Car 1 2 3 4 5 6 /4 8 O | 10
No. of defects [ 10 |12 |13 |08 (09| 10| 12 | 20| 07 | 06

L5

(c) Hlo TWo Hlo FaTTH! & T wifad faia wepr & Frmm oot o Joia R 3% ST o
1 IUYH AISHEG T § FHif|

Describe different types of control systems possible for CNC operations along
with respective applications using suitable schematic. 20

* &k &
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