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PHKM-U-MCH

MECHANICAL ENGINEERING (PAPER-I)

lTime Allowed : Three Hours | [Maximum Marks : 250 I

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 5 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 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 (QCA) Booklet must be clearly struck off.
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WUs—A / SECTION—A

1. (@) TF 2 m @ a9 450 N 5H il B8 Wl W A9 TF SR | a 7| 661 g0 BR & A

¥ Iafa B, 8 ™ 200 N #1 9@ & W@ R Hgem & I =Ean F01 o 70 2?8 an
w9 % fw 1 Wi oo e 04 R

200 N
B
1m
1m
p=0:4— 450 N
¥ o

A rod of length 2 m and weight 450 N rests on ground at one end. The other
end is supported by a cord through which a force of 200 N is applied. What is
the minimum angle o for which equilibrium is possible? The coefficient of static
friction between the rod and the floor is 0-4 :

200 N
B
1m
1m
ng=0-4— 450 N
o

(b) TH IR H R 1-5 m 991 =@ 20 mm 2, TR 9% IF B w aame e wew R
® 3 R & fi" ¥ 125 kg F THf3d 79 @ R1 IR E =200 GPa 3, @ @h 4o
gt @ fifsm)

A shaft of span 15 m and diameter 20 mm is simply supported at the ends.

It carries a 125 kg concentrated mass at midspan. If E =200 GPa, calculate
its fundamental frequency.
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(@)

(e)

il =g F I R | D AR afR W@ e R 3R 1-8 mm e % @ E @ 9 A |
A aferi ¥ T R S R Ry e R # qnia @) 2 B e ey A w6 R s @
% =@ | H vfowa 7 §) 379, T R AR A EEa ¥ - Tw R R A w8
ST ®1 =@ iR diee # fasfia e wfeet it o five) s qon df % @ A
F99: 200 GPa 91 105 GPa & :

TR aﬁﬁa;m-\

14 mm 20 mm )

T |ee, 12 mm SAH
f—— 120 mm ——3)

Two thick washers are placed on the two ends of a copper tube and a steel bolt
of pitch 1-8 mm is made to pass through these washers as shown in the figure
below. The nut is tightened first with hand so that there are no stresses in the
tube. Now, the nut is further tightened with the spanner through one-fourth of
a turn. Calculate the axial stresses developed in the tube and the bolt. Young’s
modulus values for steel and copper are 200 GPa and 105 GPa, respectively :

Washer Washer
Copper tube
14 mm 20 mm )

Steel bolt, 12 mm dia

le—— 120 mm ——)

aa Hiaem ®I@R0 (CCT) M@ 6 Tg™al | Hifas Mdeq & hl Sqre HINg qd1 366
e YT 9 % FHIAHU a9 YR § Fa15C)

Explain critical cooling rate using continuous cooling transformation (CCT)
diagram and write its importance in hardening heat treatment of alloy steel.

T THa Ruferet yermht 99 A fa 250 rpm, €6 300 mm, TATTH 9T # FHH
60 kg a1 150 mm fsan w off wrlt &1 g=9mm 50 kg ®1 3R d-foerd wemmd wwi ik
aft ooff st =t wgfera e s R, @ (i) 400 mm i BN | EvEE wgen F=EE iR
(ii) %% % Sed Freares A (2 T F=x) ¥ 60° it W sl swgha o« @ Ffm)

A single-cylinder reciprocating engine has speed 250 rpm, stroke 300 mm,
mass of the reciprocating parts 60 kg and mass of the revolving parts 50 kg at
150 mm radius. If two-thirds of the reciprocating parts and all the revolving
parts are to be balanced, find (i) the balance mass required at a radius of
400 mm and (i) the residual unbalanced force when the crank has rotated 60°
from top dead centre.
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2. (@) fi= A, Baw C, % a4 s59: 100 N, 200 N @91 150 N &, i zuiy sgem 32 #1 3R
T foam it fufa & o fewn s, & 7k a1 1 s & a6 =+ B iRt gemm e € -

Bodies A, B and C of weights 100 N, 200 N and 150 N, respectively are
connected as shown. If released from rest, what would be their respective
velocities after 1s? The pulleys are massless :

20

() TF qg-RAfTR T F T 9% & o F-aml s wen g T@-amel W % Fw iR
99 oy e &, s -30, +360, —250, +300, —300, +250, —380, +260 T4 ~210 mm 2
%1 SR M1 1 mm = 600 N-m a1 &fs 391 1 mm = 5° | 9@ &1 I=mE=A A1 ]
¥ +1-5% d% diftd B s 75 250 rpm B fw ¥ v # ofefim fes 10 N/mm? @&
Hiftm ®1 af@ aun el &% g9 F TG WG g Maares 9% 6 R F 39w A ad
IS F1E Jra Hiorg| fw F werd w1 e 7200 kg/m3 #) fm i e F 3wl deE w
IR T WE AR

The turning moment curve for one revolution of a multicylinder engine above
and below the line of mean resisting torque are given by -30, +360, 250, +300,
-300, +250, -380, +260 and -210 mm?2. The vertical and horizontal scales are
1 mm =600 N-m and 1 mm = 5°, respectively. The fluctuation of speed is limited
to £1-5% of mean speed which is 250 rpm. The hoop stress in rim material
is limited to 10 N/mm?2. Neglecting the effect of boss and arms, determine the
suitable diameter and cross-section of flywheel rim. The density of rim material
is 7200 kg/m®>. Assume width of rim equal to four times its thickness. 20
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€ R FET TAY F FTEAAH 1:992x102° kg TN THE IR (IW) TE (a)
3:57x1071% m ®, @ e it AfF @@ aun e g F@ A FE K frea T
F o @ (SEEs Hfaw) T o)

Calculate the packing efficiency and packing density of carbon if mass of
carbon atom is 1992 x 10726 kg and unit cell side (a) is 3:57 x 1071° m. Assume
crystal structure of carbon as diamond cubic. 10

3. (a) <= T e F fog yR 3@ A, R s sl omta = g 1w §) 2% A 3l B W wd
W@a%:

+800 N-m [
(
A B
-1600 N-m

-1500 N-m

-2300 N-m

Show the loading on the beams corresponding to the bending moment
diagrams shown below. The beams are simply supported at A and B :

+800 N-m P boli
e aral Cc
A B
-1600 N-m

-1500 N-m

-2300 N-m

@ 20
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(b) T AFAHR e F 9 § 250 mm T H1 T TSR 32 1 T8 W W x 3R y Ramat &

F9Y: 20 MN/m?2 @1 10 MN/m? qftmor & @) g deaq gead Yoee o ®@ &1 56
@, 75 MN/m 2 fmmr #1 1qeqe gfeee 37 @t 9R dadl | &8 = j, | ® y@g
wioee w@ el @ (R Ry T i A Raw) | Naer 3 ddga F R # faga @ s R
I vt 1 I W9H 210 GN/m? q9n Wt g 0-3 }, @ € 3iv @y et fi samsai
I Hifg

410 MN/m?
7-5 MN/m2 =
- y
/_.{._\ 250 mm
20 MN/m?2 < §--—: =3 »20 MN/m?
\\ \\~l-”’ll
» 7-5 MN/m?
¥ 10 MN/m?

A rectangular plate with a central circular hole of diameter 250 mm is
subjected to two mutually perpendicular direct stresses of magnitudes
20 MN/m2 and 10 MN/m2 along the x and y directions, respectively. In
addition, a shear stress of magnitude 7-5 MN/ m? acts on all the four planes on
which the direct stresses act (see the figure below). The circular hole is
deformed into the shape of an ellipse. If the value of Young’s modulus of the
material is 210 GN/ m? and Poisson’s ratio is 0-3, find the lengths of the major
and minor axes :

A 10 MN/m?
75 MN/m? «
4
',_T,\ 250 mm
20 MN/m2 < g-——: E=d 520 MN/m?2
\\ \~~l_"’ll
y
» 7-5 MN/m?2
Y 10 MN/m?

(c) Tafm woR % goal @R A () FET F TSY, (6) YR TSN AT (i) TS TON F R |

o Fifsm)

Compare different types of cast iron in respect of (i) form of carbon, (i) micro-
structure and (iii) mechanical properties.
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4. (o) TF T TR F TS afd B a9 20 N 91 99 6 i i Fraiw qun sy gsnsd
#) wraTgal FAT: 125 mm T 65 mm §| 96 e T F A, U F8 § 100 mm
A gt = B ¥ st H sfwan @ ggaw iR Bt 125 mm 90 80 mm &, @
Haftrq wger Tioal ;325 rpm @1 300 rpm # | &I Fi gga qu Igh Fge i I
$iftg, s goiq =T 100 mm R

A governor of Hartnell type has each ball of weight 20 N and the lengths of
vertical and horizontal arms of the bell crank lever are 125 mm and 65 mm,
respectively. The fulcrum of the bell crank lever is at a distance of 100 mm
from the axis of rotation. The maximum and minimum radii of rotation of the
balls are 125 mm and 80 mm, and the corresponding equilibrium speeds are
325 rpm and 300 rpm, respectively. Find the stiffness of the sf)ring and the
equilibrium speed when the radius of rotation is 100 mm. 20

() R i # Tie T G @@ F 9 R A 1 m A g W faae y@ A K @
fafy =1 wam ) o= B R s g8 06 MN-m? R :

15 kN ' 15 kN
20 kN/m
ATRA o kRB
|,0-6m I, 12 m |, 12 m
1] 1 1

Determine the deflection at a point 1 m from the left-hand end of the beam
loaded as shown in the figure below. Use double integration method. The beam
is having a constant flexural rigidity of 0-6 MN-m? :

15 kN 15 kN

| 20 kN/m |

A TRA B kRB

7lf0-6 m ’IL 1-2m 4|, 1-2 m 20

(c) THRIE: TRAE B e e YR % 1 iR wielleR (SIgmitEl) 1 TH-TH W AR T
g Ton 3R AN A FaEY

Enumerate different types of cams and followers commonly used. State their
relative merits and demerits. 10
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@uvs—B / SECTION—B

5. (@) T %A AR F1 I VA 910 B 40 m/min ) Fd4 10 F 79 F e fen sman )

(b)

(c)

S -3g FeiRl & i W F wared F fRRIF ¢ a1 n B wHE: 300 991 0-5 A §U
AR-31g B e #§ 3 Fifv) afk w6 1fa B 80% A werEn W, @ AR H ey F
wfowra sq@ma feferg )

A cutting tool is used to machine alloy steel at cutting speed of 40 m/min.
Considering the values of constants ¢ and n for cutting tool material as 300
and 0-5, respectively as per tool-life equation, calculate the tool life in minutes.
If the cutting speed is increased by 80%, then calculate the percentage change
in tool life.

fogm: (dige-g-uise) fafim NC wefi & Rw A1 A ¥y wdewfioa 3°/9e9 ) enm ¥
1 {9 2:4 mm ®) sgmiva fufa-fFufon w@wa @ fifvm)

The stepper motor of a point-to-point controlled NC machine has specification
sensitivity of 3°/pulse. The pitch of the lead screw is 24 mm. Determine the
expected positioning accuracy.

TF 8 W A A Rl # Fm FA areh o S, FiewE (FhRwEl) F wh w W IwEm
FH 28000 A W5 1 IAGA Hdl B | T8 TFHI H1 I HF G4 F0H F AT
<% G5 oA HIfI | ZgE T % Fmin & fig 6 FEt i sravawar B ¥ wsht wR-aw
F AN 10 VIS F WER | ICEA F T W P L WA F T Feam s
HEWFHA R, AR I FEE F FE B GO T AEERE ey #7

A factory working in two shifts, each of 8 hours, produces 28000 tube lights
using a set of workstations. Using this information, compute the actual cycle
time of the plant operation. There are 6 tasks required to manufacture the tube
light. The sum of all task times is equal to 10 seconds. How many workstations
are required to maintain this level of production assuming that combining of
tasks into those workstations is a feasible alternative?
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(d) T FR Fuiv wE 9 wen # ww A W owed w @ w2 oA PRw 3ok =

(e)

(wrEht g=) AT I AN ¥ WAt B W gEed 81 uew $ 9 w2500 a2
FTA agfdehat & € 1,250 ¥ aaw H R Y 97 awg @hed ¥ S oo 2 PR A @
S @ 20 wiowa wfa FE w9 ok ik i @ € 1,200 R st el s
mﬁzsoﬁqmmélmﬁwa@ﬁséﬁﬁmm@mmm?
IS A P AT w7

A car manufacturing unit uses large quantities of a component made of steel.
The demand is continuous and inventory planning could be done independent
of the production plan. The annual demand for the component is 2500 boxes.
The company procures the item from a supplier at the rate of & 1,250 per box.
The company estimates the cost of carrying inventory to be 20 percent/unit/
annum and the cost of ordering as ¥ 1,200 per order. The company works for
250 days in a year. How should the company design an inventory control
system for this item? What is the total cost of the plan?

29 48 6 oy F T F forg Rachedl ¥ o Pufar ¥ sar A w0 A ke FQ a@
R G F T T TR STgEaE R e R 3o e serrt F 9., sgEaE
w4 1 Frewd frepren o6 win o & Fafarfa i€t R den w1 o wwa Waw wem 21 @ gwon
% IR R A= @ 7 e F atenel, S Rl T ¥ onand 87 A T B W E, W
STE F IR B AN F @A T F R Afew T9mwe

Tafaated Rt #1 &t
(X) ¥)
200 - 165
235 184
210 180
195 145
225 190
240 169
217 180
225 170

10
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A manufacturer of toys for children in the age group of 2 to 4 years
commissioned a market research firm to understand the factors that
influenced the demand for the product. After some detailed studies, the
research firm concluded that the demand was a simple linear function of
number of newlywed couples in the city. Based on this assumption, build a
model for forecasting the demand for the product using the data in the table
given below, which is collected from a residential area in a city :

New Marriages Demand for Toys

(X) Y)

200 165
235 184
210 180
195 145
225 190
240 169
217 180
225 170

6. (@) TF I W ¥ WYSARY (W) wwfl, R wowa wmed 300 MPa R, 400 °C W

aRFE ¥ o ¥ IRFwT 14 300 mm/s ¥ R 7HFEN 50 mm =@ AR 300 mm
o ¥ e W & It ) SRS, fdie %1 =™ 50 mm @ 20 mm & " @ B TR
e g % aRTem e win ®a ¥, arafas Rl (®7), olwa arafas fogf, s
iy 9@ o aftdmm ¥ v e W T v fuita i) fade 71 e =,
afede ¥ e sifem = ¥ Fga R R

A perfectly plastic material having yield strength of 300 MPa is subjected to
extrusion at 400 °C. The extrusion speed is 300 mm/s. The extrusion process
is done on billet of diameter 50 mm and length 300 mm. Extrusion reduces the
diameter of billet from 50 mm to 20 mm. Assuming that the extrusion process
is frictionless, determine the true strain, average true strain, ideal extrusion
force and work done on billet during extrusion. The initial diameter of billet is
significantly greater than the final diameter after extrusion.

PHKM-U-MCH/29 10
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(b) T fawrfa @R § swge TR fi FE F e N @i § @l ® §, St 300 m™
(WT5s) & 20 T & fog &) wwha artwst ¥ fore v Suge feEm 91 ) fR it R
} TR i fufa A et fdva i 6 saRafy & w9 § g 1 g R, qegar Faao @i

! woifva AR :

T HGJE AEH F G T 3GgE AEH F &A1
1 10 11 6
2 12 12 19
3 8 13 10
4 9 14 7
5 6 15 8
6 11 16 4
7 13 17 11
8 10 18 10
9 8 19 6
10 9 20 7

YauA H1 9T ¢ T SrEdN 2% R, 3afeTe 39 wW % uR R e dnd wunfYa it
= fife % @ fawm @ @@ | @ W gwa ¥ B selaREl B sgew e w
T &7

The data for the number of dissatisfied customers in a department store
observed for 20 samples of size 300 are shown in the table below. Construct a
suitable control chart for the collected data. Any out-of-control situation may
be treated as the presence of some assignable cause, accordingly revise the
control limits :

sample | ™ & comers | Samele | ™ & omers
1 10 11 6
2 12 12 19
3 8 13 10
4 9 14 7
5 6 15 8
6 11 16

7 13 17 11
8 10 18 10
9 8 19 6
10 9 20 7

Management believes that the dissatisfaction rate is 2%, so establish control
limits based on this value. Discuss whether the department can meet this goal.
What actions would you recommend? 20
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(c) JIT woreh & =arg e fifis R & weki A geht 99 A wsft yare Afmm & R 9S gu e

List down different types of wastes indicated in JIT system. How are they
connected with flow layout? 10

7. (@) oY TF AEF 4 B A I }, R w6 M 120 m/min, AR Afd B 50 a0
Fdq A e 5 mm 2| FH 04 mm T Sem (Fa) Y1 Far R a0 & w1 9@ iR
TN S FAM: 600 N 791 300 N 3eq= tar B 1 fomn +e farw 6 werd 0-2 mm #a ge fw
Trerd 3T, T¥ s au Re-olem % fe win B @ w3 F ol g I, N FA FA e
Foi % gfawra § A, @ AR

An orthogonal cutting of metal is performed using cutting speed of 120 m/min,
tool rake angle 5° and width of cut 5 mm. Cutting produces chip thickness
0-4 mm and generates main cutting and thrust forces of 600 N and 300 N,
respectively. Considering uncut chip thickness as 0-2 mm, calculate the chip
thickness ratio, friction force and percentage of total cutting energy used to
overcome friction at chip-tool interface. 20

(b) T FF FR W@ M1 a9 M2 A Aiaie AR aRd I T e w1 P e
O H YA A WeH FAl Q

gft 27 92 & F=1 71 () yfafe siftean
el ¥ Tt 92 39credar (29)
F=1 7| M1 6 4 24
S 7 M2 1 2 6
gz @™ (9) 4,00,000 3,20,000

% IR G0 A I T § B ok R R e, et R Hi PwEana 1 @ @
1 78 B Tt 71 W @ Ak $2 R arfteram 3Fe win 2 27 R) FwE i ok aEd
¥z 1 Srggaa 3ar v Ruffa s Ted 2, St pa e am S siftran R sgge
T W Rupft A, 7R e wer, z =480000x, +320000x, F HAftEwwEw )
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A company produces both interior and exterior paints from raw materials M1
and M2. The following table provides the basic data of the problem :

Raw Material per ton of Paints (tons) Maximum Daily
Exterior Paint Interior Paint Availability (tons)
Raw Material M1 6 4 24
Raw Material M2 1 2 6
Profit per ton (%) 4,00,000 3,20,000

()

8. (a)

(b)

A market survey indicates that the daily demand for interior paint cannot
exceed that for exterior paint by more than 1 ton. Also the maximum daily
demand for interior paint is 2 tons. This company wants to determine the
optimum product mix of interior and exterior paints that maximizes the total
daily profit. Comment on the optimal solution if the objective function is
maximization of Z =480000x; +320000x,.

TUEH AT WOl % HH-HH § T 8¢ TUEdl arTd Jonelt ¥ G g e yer emnfRa
Bt #7

What are the elements of a quality costing system? How does an organization
benefit from a quality costing system?

I9gH ARG hil gEEal ¥ faggq Freww wefi (EDM) & frgma &t samen i) faggq, freeamn
TefA i wfsen wree (Rndied) 1 aeh wiEn veiA sifvrason, S8 o gt guemw R, e
IR () a0 o A, | St I wWEl H 9uie R

Explain the principle of electric discharge machining (EDM) using suitable
diagram. Describe the effect of process parameters of electric discharge
machining on process performance characteristics such as material removal
rate, tolerance and surface characteristics.

XYZ f7m Y s e, RER qon W H frefiRad SEEd TeE 6o

(i) 9@ &Wa = 100000 TS

(ii) HEEH ¥ TANH TR R, TH G F TINE 95 9h-399 f9g F 50% ©
(ii)) ITEH WRA P/V 3@ = 25%

(iv) 9@ TG § AWgH @A 10000 THE ?

(v) ToFa qea € 40 wfa = @

IFT TAFR F MUR W, d6-334 g ot i amn 4, fér arm, shedm arm s =66
U1 THE § G H WIS Jra R

20

10

20
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XYZ corporation has given the following information on its capacity, sales and
cost :

(i) Current capacity = 100000 units

(i) At current level of operation, its margin of safety is 50% of its break-even
point

(iij) Contribution margin P/V ratio = 25%
(iv) The unutilized capacity at present is 10000 units
(v) Sales price is ¥ 40 per unit

Based on the above information, determine the break-even point in sales

volume, fixed costs, variable costs per unit and margin of safety in units.

(c) T & wfda aeR § & 7 glam (PRifee) wonfia w0 d < wd ® v gfaw =1 v
T % fore st SR 3 g S9gT WM S STedt @) g § SR amgfd g € A, B, ©
3R D, st 7€ glaw ¥ foe ge fRw wem w0 @fim awR 1 o A-amnh e amhE,
forit 7 9R yfd fogatt & gt Féwies & oy w& ¢ gfaw &1 van @ =mea €, R Ry
Tom # i man R weafam glaw & fog 3 =R fogedt & aiffs smgfd s 200, 450, 175
qum 350 H R :

Y4
(5t e FiwF A §)

- 00 p A (125, 550) 200

il © B (350, 400) 450
300 D‘#’ c (450, 125) 175
o s D (700, 300) 350
100

100 200 300 400 500 600 700

— =

TREATRYUl 3 HiSH H1 FAN Fh T8 Glaw F g @ & o fire wefie #§ v sogw fag

# ggm i)

PHKM-U-MCH/29 14
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A company is interested in locating a new facility in a target market and would

like to know the most appropriate place in the target market to locate the
facility. There are four supply points A, B, C and D in the locality which will
provide key inputs to the new facility. A two-dimensional grid map of the target
market in which we would like to locate a new facility along with the distance
coordinates of four supply points is shown in the figure below. The annual
supply from these four points to the proposed facility is 200, 450, 175 and

350 tons, respectively :

Y4

600

500
Units

®A

T 400

300

200

100

(Distance coordinates
are in brackets)

Supply | Coordinates Annual
Points (Units) Supply (tons)
A (125, 550) 200
B (350, 400) 450
C (450, 125) 175
D (700, 300) 350

100 200 300 400 500 600 700

Identify the most appropriate point in the grid map to locate the new facility

using centre of gravity model.

PHKM-U-MCH/29
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