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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 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 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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WUus—A [/ SECTION—A

1. (a) TF @A AB, foh @S 2 m 8, A fog W &es & g0 &fl § den B fog W & 1 & 7w,
S goRfEd @) et (P, Q) % W | B TERAT 8, ATEfd @, T 50 kN &1 R 33TY §Y
2, 3 B R R 1(a) § swian T R x g0 H 0T Y, S9E 100 kN @ IR 9E W
T T a9 9 arEeedn B oafes Rl 7 '@ R 'y @ Fes e R W wfalen 3@
Iy |
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.

a_i 2m
=

100 kN

= 1(a) / Fig. 1(a)

(b) = 1(b) ¥ T T W wieet hi rawen i w2

fFr=fafaa =1 fafo Tﬁﬁ’lﬂ. :

() FE Hawa

(i) &I dd

(iii) 2foreham sTaEqw whiee
A state of plane stress is shown in Fig. 1(b).
Determine the following :

(i) Principal stresses

(i) Principal planes

(iii) Maximum shear stress

10 MPa
—1—>40 MPa
50 MPa% ;l—) 50 MPa
&_
10 MPa

T3 1(b) / Fig. 1(b)
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(c)

(d)

(e)

T Jaol M 9 1 g™ 1000 mm 991 J2E 2 mm 8, 9% 37 4 MPa &1 7=iH
T B | A YT O TF UIEEH 319G 6 A SwEE: 200 GPa W 0-3 ¥ f=fefaa =t
Eﬂﬁﬁwpﬁ%m:

(i) T3 wheee

(ii) T % A § fEd

A thin spherical vessel of 1000 mm diameter and 2 mm thickness is 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 :

(i) Hoop stress

(i) Change in volume of the vessel

T aT9-91fTd §99 9-5 rad/s W 300 kW i ¥tk Icqa Hal & | el 61 ARRAT oTieh 0-1
2 g 7fgq < AR 1 3Ga 1T F +£0-5% T [N a1 B | TS qaTeish dsh F FAHH
Fra T gfe g B 2 m R

A steam engine develops 300 kW power at 9'5 rad/s. The coefficient of
fluctuation of energy is found to be 0-1 and fluctuation of speed is kept within
+0:5% of mean speed. Find the mass of the flywheel required if the radius of
gyration is 2 m.

& Wi, T 5= 8 kg ®, Ot % om i 31 T8 it wgw gea1 54 N/mm &1 9
Yol % WY Th Ui @ A T R, S 40 N 1 Sl oIl 8, Wik HedH™ 1 A
1 m/s 8| Fr=fafaa & o Hifv

(i) Hifceh STFHIA IO

(i) ITEHIA T[T

(iii) TR 3T9EE

(iv) 3 AR AR H1 FIId

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

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

(iv) Ratio of two consecutive amplitudes

10

10

10
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2.

(@)

(b)

(c)

HAATHR FT2 I TF Jareed u i DNgK 200 mm TN TEE 300 mm B TR FH

4 m i g gl W 6 kN/m &1 wHfaaid TR @ g ®, s o 2(a) # swiE
2| e wivedt & afemn o femm i e 39 fag WA S 9 srerE ¥ 0-50 mode
|/ 318 ¥ 50 mm SR Bra 7

A simply supported beam of rectangular section is 200 mm wide and 300 mm
deep. It supports a uniformly distributed load of 6 kN/m over an effective 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

\ J\B

4 m —

4 2(a) / Fig. 2(a)

T F AR AR F AT AW B ger Fefafaa s % g 6 smar i,
el 36 T AUS o T&1 8| W foF ofges a1gdmd 03 ® ¢

(i) fteran iiew fagr=

(i) 3fieRaR ST Witerd g

(ity) At faepfa faer
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
(iij) Maximum strain theory

= R 2(0) § 2ol e N wuR W Th-gE % FW 30° FeH! §F 908 W W §| Th & P,
aﬁgﬁm%m,aﬁﬂa@mmww%iwmﬁmﬁn%mwwﬁmm@i
gg A Ffh s 2, PR Sud g f wa B VF S wh| A gratien gul (waeEl) § 9
s o wife oy ok fom # qwian ) 99 P % afiean oW o o Hife, sel R
& ¢ foaem a1l

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 is shown in the figure.
Determine the maximum value which P may have before any slipping takes
place.

T4 2(c) / Fig. 2(c)
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3. (@) TF TgiEm % 3 (v B, FEhH T=E 1 m a9 =™ 50 mm X, 99F W iR gue
wTedt =@ (50 mm) % $ETd % AfAFEHR A9 A w5e R S B 39 o # 9F q9e) B
T T d oA B ufy g e ol wae @ oY ¥ T % AR S @
TR AT 1 BIN? SEAT 1 ggell 0Tk, Yo % gear qoniss 1 39 T R
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 (i.e., 50 mimm)
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 T TR FER A fom 3(b) # e mn R) fer A, D i E wdads P oo
T HH W | WG i B ot C ww-wiy Q a1, S 6 omd P36 AR W %, woaw we ¥
qoft Tl =1 o= & 21 fiRR A, B 3R ¢ % wifes <fdl 6 de@n w18, 45 3ik 21 2
fiit D ©@ E Yger R €1 frr A 100 rp.m. & 7fd @ 9t i fada fan & goar & qen
ﬁ]ﬂID450r.p.m.ﬁWﬁ'§E@ﬁﬁwﬁW%laﬂﬁFﬁﬂTﬁlﬂ'{ E < 7ifq g feen §m
Hhife )

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

(c) F¢Hise Wia (39) % g wR=gem gfam Zewilym (Ho die Ao) i svEe qum TmifHa
IO | TR ST (WS ZEEmHTE) % wed F, Ho o Ao fm F Iugw Hem Tm w
SYANT Feh Hell ITAR 6 RS (ATHRT) T Fiew (FTEFRT) Y Tmeey)

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
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4.

(@)

(b)

(c)

=R FFHH A, B, C 3R D &% 9 & H1Y IS §C & 7°1 T & a1 § P 8| A FHHAE HA:
12 kg, 10 kg, 18 kg 3 15 kg & &, 31 39 974 1 Bad %99: 40 mm, 50 mm,
60 mm 3K 30 mm ¥ THTH A % NG FEEHE B, C a9 D it wfm f@fi 600, 135°
T§ 270° & | Uger % fo1g stavae geEmE 1 afem vd ghehl fufd 100 mm # B w g
Hiferg |

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
radii 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.

g 7euTd o fore witea-fasfa s smmsy qen a% W Sufea fawi famgatt w1 aviq <hifsm

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

T X T Y Gl el il s 240 mm ® TU1 98 TH Fe o R IHA 9T 3§ e
& %1 el 13 1 7oNH 5 kg ® W@ WA W 18 kg F AR A @I 8| 76 i 9f9y 150 mm
2, 99 TlF FW IS AT el & q« AfERaR 1T W 200 mm 7| Fefafed | g
I

(i) T =1 gfeEr (39)
(i) HeeEfieTd Toneh, AfE Telid § wuur 10 N 9 o e 8

A Porter governor having all arms of 240 mm length is 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 :

(i) Range of speed

(i) Coefficient of sensitiveness, if the friction at the sleeve is equivalent to a
force of 10 N
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31d hifsg

@ie—B / SECTION—B

5. (a) & W dag ), @ 8% 400 mm? B, 15 V I diees T 0-3 mm &-dehdE M9
F TN FW g, FRA-TEENG (Seedhieha) W ft S ¥ 59 soEgese ¥ En
() yaTfed Bt B, @ 7 ufeldy 0:0015 Q Bt B | &g FresE R, TWo 3TRo 3Ro (m3/s)

e § gt s fRefafea §

HASERAl =

TS YR = 55-85
¥ = 7860 kg/m?®
¥ Frraie (Ffe=) = 96540 FAM

Electrochemical machining of 400 mm

2

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 (m3/ s).
The relevant data for iron are the following :

Valency = 2

Atomic weight = 5585
Density = 7860 kg/m®

Faraday’s constant = 96540 coulombs

10

() A T A @, R e 300 mm o B 20 mm %, B T AR I F ¥ T
T F TR W 16 mm B ST # 1 9 Uer & B 400 mm, g i 70 80 r.p.m. IR
e % IR 3fed e ufdset 400 MPa ®, @ arafas fopfa (2 ®4) 3R Aferm s (kN)

T1a ST

An annealed copper plate of 300 mm width and 20 mm thickness is 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).

(c) 3Ema Fh HE F FAY & W F Hd S A 3R B 1 Iw o | SRl | gt
At /aehl e Fefafad aroft § fig o #1200 e & ER-Sie % fg -

SFR 3719 3941 R4 3T =41 7
ISR SISIR-SfiaT FHiRr % 7T n &7 T o2 SfwR-faT
"= %ﬁqaﬁ#ﬁ(m/min)
AW A 0-25 150
=R B 0-30 180

10

The machining of steel is carried out using two types of cutting tool, i.e., tool
A and tool B. Data/technical parameters related with tools are given below in
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 0-25 150
Tool B 0-30 180
QS THE- R-cMEIEZL [ 36 7
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(d) o wEed (AemR) 1 e, sfie w qed (R wd aeq) 9w % wn, fatmin % e A

(e)

(@)

(b)

HHATRY |

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

Trell aeg (V=) 1 AWM 500 $EA1 T 600 THISAT HH: JollE U9 7 A8 & fog &) 4k

s wiE % g qaigam 300 srEdl # R, @ el Ty (YR wifin) faif
¥ fgarer mre 1 qaigaE g1d i) 7 il R o 1 Am 03 B

The demand for an item is 500 units 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 o as 0-3.

Alfrees @A () & fTg, S 3TeiR a1 3w o W@ & 3R fSmet 4fa i (6 Tre)
5° %, Ffataa 1iee Re e B .

fo-ierg e = 0°5

Jfd =i = 5°

& & o = 1600 N

TUE (9%) 9)¢ = 1300 N

Fg-3NWR YR (3=2ThE) W HTEIU A H01, 7901 o (N), T0= 5 (N) T =717
Id iR

For orthogonal turning using a cutting tool having a rake angle of 5°, the
following data is 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.

it i < =il @ TR ffewa T (fo e Wo) AfeEn vl g Svs e s g,
Torad afeen wiz 150 A, 31 dieest 12 V a1 31 3dd 71fd 2 mm /s &1 39417 g 81 3
7 foran s f o amgo Sfto Afeen wgfa # o wHFRY 3&@r 90% & IR T e e
urg (Al) = frgem & fT 15 J/mm® o0 ) erawsa gdt 8, 9 39 ey @ fuem i
T4 ) A HINT AR g g (SA1E2) & HE F1 83%d 20 mm 2 B

Two aluminium 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?3

’

calculate the melting efficiency of the process if the cross-sectional area of the

weld joint is 20 mm 2.

QO THE R-cUHETEZ [ 36 8
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(c) el Sietse et & fagra &1 3ugw T % iy 9o fifsg) e afesre asfifin &
ol Td et % =R # ferfan)

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

7. (@) % UE fog % o9 A TaEh A=ameE & forg i gl § Freafafaa @i @ g€ € -
AR =30:8:8§1 mm ¢

% = 3070:52% mm ¢
Trefafaa Eﬁlﬁﬁﬁm :

(i) A SR

(i) 9 wd g % fi e g (<Teim)
(iij) A% Td fox A Hrd

(iv) SATHTH TE =ITAH TR

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

Shaft = 3070 05, mm ¢

0-023
Hole = 307 100 mm ¢

Calculate the following :

(i) Basic size

(i) Shaft and hole tolerances
(iii) Shaft and hole limits

(iv) Maximum and minimum clearances 15

(b) Tt 3 H TR A A T F Y= 40 min o §1 9 g wufE < sga 80% 3R
arefipfa 20% ®, @ 800 T ¥fd wHe W F foru mavas <k wuHl i T w1 Ryl
$ifsre | 7 <fifsie %6 52 dwmr wfd ad ek 48 w2 wfd quTe FEEH e Iueey ¥

Lathe machine operations take 40 min to produce a product. If the efficiency of
the lathe machine is 80% and rejection is 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

QB THE- R-MEIEZE [ 36 9 [ B:T.O;



(c) e Fiwfor e vk e 1 o o @ ®, e gy J i geen Sueey ©

i gohTs fosha gea = & 20
3 Zeh1E gftad! @@ = € 10
fafgsa < = € 2,00,000

BT iadsiie 919 230 & 3f=rid gierd] @rd 20% IR iy @rma 10% «g =i 2|
I HTeT qU A §C HHT BT S TN S, ) wRnfed foea e = g

A manufacturing company is producing an item for which the following
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 is maintained, then
what will be the revised selling price? 15

8. (o) e we A mifts @ud 350 s (I2) ® oM wfa gfe =1 ge3 & 15 ®) @t g =%
AE 20 WRE & SR Ry e € 40 Wi ey ?) A % fore 1 W w1 swa e 2
HRo 3o Telo o ! HFA g F=faRad = oM Hifs

(i) GO A
(ii) TR TR
(iif) A EX
(iv) 3fFHTH TR
(v) 3trad v g=h

Monthly consumption of an item is 350 units and price per unit is ¥ 15.
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
(i) Reordering level
(i) Minimum level
(iv) Maximum level

(v) Average inventory 18

QB THE-R-cMETE [/ 36 10



(b) T FR Fmiar a7 Rrawht % 9@ FR G99 @ e sifaw Fhew wwar 7)) sifm Fibeor § w2
wrEdl & G § R H1 g TR S R oiR suehl Stg ot S ¥) gevre @ 6 eR R
TRl 1 e A TR T wehedl € (N8 9 et st wehan ®) | agieoe 9k W a5
(10) R e 3R Si9 % fore sid w5t A den % gl § v FR F e @9 Si"
% =18 WTH AT 1= Ru 7w 3| C = & ferg Frmor dimett @1 fufor oir fevqeft Hifvre

m/w12345678910
eyt & g 10|112|13|08|09|10|12 |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 1123 |4)|5|6|7|8]([9]|10
No. of defects |10 (12|13 |08 (09| 10| 12|20 |07 | 06

15

(c) Hio To Hio YeTeH! % Ty e faftm wepr o Frimwr <&t 61 =i shmn: 39 SIgwE
139G ASHTG €9 | FHR)

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

* %k h
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