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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. o

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 ‘
: i : space ided.
marks will be given for answers written in medium other than the authorized o :; provided. No

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 “".d notations carry their usual standard meanings
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of @ question

: tly. Any .
shall be counted even if attempted par page or portion :
Question-cum-Answer (QCA) Booklet must be clearly struck off, of the page left blank in the
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I—-200 mm—~f——200 mm-—|

_..

125 mm
A gripper is shown in the figure. A horizontal force F' = 50 N is applied to
the handle of the lever at E. The mean diameter of the single square
threaded screw at C and E is 25 mm and lead is 5 mm. Determine the

clamping force developed at G. The coefficient of static friction is
ug = 0-3.

,—200 mm—-’—zoo mm-—|
Gl
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The aluminium rod ABC having Young’s modulus 70 GPa consisting of
two cylindrical portions AB and BC, is to be replaced with a cylindrical
steel rod DE with Young’s modulus 200 GPa of same overall length.
Determine minimum required diameter, d, of the steel rod if its vertical
deformation is not to exceed the deformation of aluminium rod under the
same load and if the allowable stress in the steel rod is not to exceed

165 MPa.
125 kN

N

300 mm —
-—d w
wh Ji
450 mm ;
e
o
/

SLPM-P-MCH



()

SLPM-P-MCH

o i i 78 e &1 1 8 MPa % a1 % qea dffea a1 20w Y | fy g
T = 12 kNm TRATOT ST 5cl-3ATT TR T § | St T SRS 3 180 mm
AR H1eTE 12 mn ¥ | AT T T G A SHEFRT T Wty gy,
e s Sfvee Ruffta Hifs |

A tank shown in the figure is filled with compressed air under pressure
of 8 MPa. A torque of magnitude T = 12 kNm is applied at the end. The
tank has an inner diameter of 180 mm and thickness of wall 12 mm.
Determine the maximum normal stress and maximum shearing stress
in the tank considering the cylinder is thin.
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(i) AR
(iii) e
(iv) 9eige

"V?Valliguzheh help :f a neat diagram, illustrate the microstructures of
phases of steel and exhibit the presence of the following :

(i) Ferrite
(ii) Awustenite

(iii) Cementite

(iv) Pearlite

o ) SRSt ST st T R A 2 IR ST e 8|
AT T 20° & AT S (diege) 10 mm & 1 i 24 3 E AR TS T
ﬁwﬁ%iu&ﬁﬁm@ﬁmaﬁmwmﬁ@@m%w%ﬁ
Pt Fifore :

(i) fafvaa = SR H0T|

A pair of involute profile spur gears in mesh have to give a speed ratio of
9. The pressure angle is 90° and the module is 10 mm. The pinion has
924 teeth and drives the larger gear. If the addenda on pinion and gear
wheels are equal to one module, determine :

(i) length of path of contact, .
%

(i) contact ratio, and

(iii) angle of action of the pinion. e

L
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Q2. (a)

() Forr i quifT 31gER 1000 N 3 31 T & C ¥elieh 500 N 79H 1@ ara) 3

¥t A 79T B gRT@W(dA 8 | P, Q T R W 4 sedt Y 1oMn ifirg |

l

|_..._Q_.___3 m-———{
A cylinder C weighing 1000 N is supported by two cylinders A and
B weighing 500 N each as shown in the figure. Calculate the
contact forces at P, Q and R.

M

(ii) @nsﬂ?maﬁ@mﬁrgwﬁﬁqmﬁmwwm%:
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oy = 80 MPa T, 6, = 40 MPa die 79T e &9 25 MPa ¢ | @rft

T e gmed 250 MPa |

TReTiorier = ST e B T | o Hey & g o it i
(1) Afewad SuEqe aHee, 3k

D) ftra fapfa St amez |

The state of plane stress at a critical point in a machine member is

~ as follows :

ox = 80 MPa tensile, oy = 40 MPa compressive and complementary
shear is 25 MPa. The yield strength of the material is 250 MPa.
Determine the factor of safety with respect to the yield strength
using :

() maximum shear criterion, and )

(I) maximum distortion energy criterion.
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In a Proell governor with open arms, the mass of each pall is 7 kg and
the mass of the sleeve (central load) is 140 kg. The length of each arm is
180 mm afld the length of extension of lower arms to which the balls are
attac-hed‘ is 90 mm. The distance of pivots of the arms from axis of
rotation 18 95 mm and radius of rotation of the balls is 190 mm when the
arms are inclined 40° to the axis of rotation. Determine the equilibrium
speed for the given configuration.

Further, if the frictional effect is included by incorporating a frictional
force of 40 N at the sleeve, determine the coefficient of insensitiveness
and range of speed when the governor is insensitive.

3 Soft A mﬁﬁﬁw%mmﬁwﬁﬁ@ﬁﬁm#mﬁﬁm
aﬁmﬁq’rumfﬁﬁﬁsqﬁﬁr%mmﬁmaﬁmﬁaaﬁﬁm

Classify the nanomaterials depending on the number of dimensions in
the nano range. Support your answer with the geometry of classified

nanomaterials.

Q3. (a @ @aagmuﬁmﬁ@mqﬁwﬁmm-mﬁ%(ﬁﬁnm
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The recoil mechanis
spring-damper system. The maximum permissible recoil distance of
the gun is specified as 0-5 m. If the initial recoil velocity of the gun
is 10 m/s and the mas® of the gun is 500 kg, determine the spring
1 mechanism and the critical damping

m of a gun consists of a critically damped

stiffness of the recol
coefficient of the damper.
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I
A punching press executes 10 holes per minute
plate. The diameter of each hole is 20 mm The
of 60 mm and the punch moves with uniform vel
flywheel is attached to the press and the
flywheel is 25 m/s. If punching requires 10 N - of energy per mm2
of the sheared area, find the power needeq to operate the punching
press. Further determine the mass of the flywheel requireq if the
total fluctuation of speed is restricted to 5% of the mean speed. / 4,

in a 25 mp, thick
punch hag 4 Stroke

ocity throughoyt A
mean speed of the

(i) 3 3t 31t srew |

(i) aﬁmmwﬁwmﬁﬁaﬁmﬁmn
(iv) Cwfadw 71 vy |
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(a)

(i) distance travelled

A beam AB under loading ;

Sl 58 G (;;ldlrlr‘f is shown in the figure. The rigid bar DEF is
. ' e Young’s modulus of the beam material is

200 GPa and its moment of inertia is 20 x 105 mm?.

(i) Draw shear force diagram
(ii) Draw bending moment diagram Y

(iii) Find the maximum bending moment and its location.

(iv) Find deflection at C. 4+~ 20
750 N/m

%mmmma@ﬁﬁﬁqm%aﬁwﬁmwﬁﬁwaﬁml

s in a steel article

Identify the different types of defects and their cause
v 10

after it is hardened.

mma:%qqmwaﬁ%ﬁ‘@ﬁu 0-6t2 + 2t) /s ¥ AT Y 9 & T, TE

tHSH R

iR E ¢ = 0, 5 = 0Tl -
T HifolT : |
@) 4sﬁﬂ'€fﬁ’1§3§°f’3ﬂ(

(i) 4sTEI _
-

A car is moving in 2 straight line with a velocity of v = (0-6t2 + 2t) m/s

for a short duration, where t is in seconds.
Take initial time t = 0,s=0-

Find :
in 4 s, and

(ii) acceleration at 4s. 10
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150 mm

A solid shaft AB rotates at 450 rpm and transmits 20 kW from the motor
M to machine tools connected to gears F and G. A power of 8 kW is taken
off at gear F and 12 kW is taken off at gear G. The allowable shear
stress is 55 MPa. Determine the smallest permissible diameter of the

shaft AB.

& 150 mm
~100 mm J
i >

3 L) /
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In an epicyclic gear train of the sun and planet type shown in the
figure below, the annular gear ‘A’ meshes internally. The three
identical planet wheels ‘P’ of equal size, mesh with annular gear ‘A’
and the sun wheel ‘S’. The planet wheels are carried by a star
shaped spider ‘C’. The size of the different toothed wheels are such
that the spider ‘C’ which carries the planet wheels is to make one
revolution for every 5 rotations of the spindle carrying the sun
wheel ‘S, when the gear ‘A’ is stationary. If the minimum number
of teeth on any wheel is 14, determine the number of teeth for all
the wheels. Further, if the driving torque on the sun wheel is
200 N-m, determine the fixing torque required to keep the annular

gear ‘A’ stationary.
v

Spider
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Gi) ue aR fftier wufia 99 &, Feuad sheh 90° T & TUT YeIF T Yoy

ZeIH 500 kg ¥ | $5F q0F Sfiver wqer # € | nwaﬁ%ﬁ%a‘\a%g@
600 mm T I eI % HIF 1800 mm B | FATHT TS TT skt oty
SAYI: 800 mm TUT 200 mm 2 | /Y Fehl W FeiRa 5o = H 376 g
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In a four cylinder symmetrical engine, the intermediate cranks are
at 90° and each has a reciprocating mass of 500 kg. The engine is
in complete primary balance. The centre distance between
intermediate cranks is 600 mm and between extreme cranks is
1800 mm. The lengths of the connecting rods and cranks are
800 mm and 200 mm, respectively. Determine the masses fixed to
the extreme cranks along with their relative angular positions. If

the engine speed is 150 rpm, find the magnitude of secondary
unbalanced forces.
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Q5

A low carbon steel stock of thickness 25 mm is to be rolled in two stages.

In the first stage, the reduction is to be from 25 mm to 15 mm and in the
second stage from 15 mm to 5 mm. Determine the minimum diameter of
the rolls for the two stages if the maximum angle of bite is 35° for the
first stage and 25° for the second stage. Also, calculate the required
coefficient of friction in both the stages. J

\ﬁ/ 15 aﬁﬂ%ﬁﬂa@%ﬁm%wm%aﬁaﬁ@mﬁ, 150 Amp I 91T
(i2) T 5 mm/sec N T T 3 WY g T FFEA-FIE &6 15 mm? 38T
T ¥ | AR e Y e & forg 10 J/mm3 ST I ETIERar & Ul F
TR 2T 0-75 &, A et @ (i) i o hifer |

‘In an arc welding process of steel with a potential of 15 volt, current of
“150 Amp and travel speed is 5 mm/sec, the cross-sectional area of joint is
observed as 15 mm?2. If heat required to melt the steel is 10 J/mm3 and
heat transfer efficiency is 075, then calculate the melting efﬁcigmy.

(©) aﬁé\nﬁwﬁﬁﬁwmﬁ@ﬁﬁmmﬁuﬁmﬁ%omﬁ 100 3R
\/;ﬁ 200 off | I ¥ AT T 150 9T | IS WIE & fA 0-25 AGURERT

@mmwww%wmmwmgwsﬁ
T hifsTe |

In an automobile manufacturing industry the demand for a specific part
was 250 in April, 100 in May and 200 in June. The forecast for April was
150. Calculate the forecast for the month of July with a smoothing
constant of 0-25 and using first order exponential smoothing.

SLPM-P-mCH 13
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(d)
74 3 oy e g A e T e
3 31 IS 31 3"
Coui 1 2 3 4 5
e | F) | @) | @) | @
A 5 5 - 5 5
B 6 6 6 - 6
C 6 - 6 6 -
D 7 7 - = 7
E - 4 4 4 -
TiF IR % RIC FAT F G 42 AEWF ¢ | I TH 99T 15 WS B, A
=g fBi-Hiee g ATsT (e A1ET) & org i Tl hl et T i
TUMHT hIfST |
Five different products are manufactured in a mixed model production
line. The time required for each task is given below :
Product | Product | Product | Product Product
Task 1 2 3 4 B
(Seconds) | (Seconds) | (Seconds) | (Seconds) | (Seconds)
A S T = _5) @
B | (& 6 - \6/
C . = ,//ﬂi\ é ) =
v | T CZF 1 2 T )
) \_____/—-—" —_—
Each product requires a set of tasks. Calculate the total number of work
stations for this mixed-model assembly line, if the cycle time is
15 seconds. 10
(e) ﬁqwqﬁanméwﬁﬁﬁmﬁ%ﬁmwg@ﬁm)%amwwmgq
G (), fo wfegeT o e wfioyar 3 e et S| !
% 5750 mm W®:  57-47 mm
57:52 mm 57-45 mm
F1 cll; t?fcegi\;lenl dimensions of mated parts, determine the values of
allowance, hole tolerance and shafi tolerance using the basic hole
system. 10
Hole: 5750 mm Shaft: 57-47 mm
5752 mm 57-45 mm




w‘ ( a) (i)

(ii)

AR ST 50 3 e st 5 e s v Vi = 98 g
AT gy (characterigtic) V, = 3L, + 27 3 & Vp T Va
W%,IW%WLamﬁaﬁmmﬁ%Wﬁﬁﬁmlmm@
3 mun % T, 31 s et 1 o R
ﬁﬁmﬁ%WWSOOAmps%,ﬁmmﬁ
g i it

If the power source characteristic in a Metal Inert Arc welding

process is Vp = 38 — é% , and the arc characteristic is Va4 = 3L, + 27,

where Vp and V,, is voltage, I is current and L, is arc length in mm.
Calculate the change in power of the arc if the arc length is
changed from 1 mm to 3 mm.

If the maximum current capacity of the power source is 300 Amps,

then determine the maximum arc length that can be sustained.

@W—%ﬁﬁmﬁﬁﬂmwmaﬁ'wsﬂm@mmﬁ@zﬁ
6 mm TR F (cavity) ¥ erd 3 forg Freiferfaa =71 3w A G T
SaTe :

() FRITRA TR, AR

(1) FRARIS

AT TOFEIE 1 AUl 37T (wear ratio) 9 : 1 T I SIS &
R 3 1 TR g T I e 3 e anrereme e f Frefea e |

An electro-discharge machining process is used for cutting a 6 mm

deep cavity in a high carbon steel workpiece using the following :

(I) Copper-tungsten electrode, and
(IT) Copper electrode-

Assuming the wear ratio for copper-tungsten electrode as 9 : 1 and

for copper electrode as 3:1, determine the required spindle

cutting this cavity.
15

movement for

10

10



Ha;ﬁhmmﬁﬁga-mmﬁaammwmm 15 my,
T T 125 mm TS 1 O S {57 feer o o s L.
(mqﬁjaﬁq-ggmaarm45 Amp WG@W%&TW%@_%
(Electrolyte) 15% NaCl 3, T 58 o= 1 et ¥ % fore, s1vaeeres g o,
AT FIf |

e 4 g 2, TS F THY M 56 T AR H T 78 gmyop3
AT

A long hole having 15 mm diameter and 125 mm depth is requireq
to be drilled in high carbon steel using electro-chemical machining
process. Calculate the time required to drill this hole if the supplieq
current magnitude is 45 Amp and electrolyte used is 15% Na(],
Consider that the valency of iron is 2, atomic weight of iron is i
56 and density of steel is 7-8 gm/cm3. 10 k

Gi) P 75 frsreng 3 el o forg T forgga-tramat=er wefi= sfsrar <1 3w
T S 2 | Refes 75 frsreng 6 46T (% TRER) TR A TR R

b @
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Ni | cr | Fe | Si | Mo | Cu | T

725 | 195 | 50 | 10 | 10 | 06 | 04
T TH THTO] [ESEEED e

S R UISET ) gm/cm®
et 5871 23 8:90
i 51-99 2/3/6 7-19
T 55-85 23 7-86
fferaii 2809 4 2:33
At 54-94 2/4/6/7 7-43
dfar 63-57 1/2 8-:96
e 479 | a4 451

T 7 35 T Frer ey e

TR 8 ey it 7 ST 3 B 3 1050 Amp

R ﬁw%’awwamﬁaﬁwﬁml

16




An electro—chemical m

Nimonic 75 alloy. T achining process is used for machining of
- The composition (% by weight) of Nimonic 75

alloy is given here -

Ni Cr : "
= Si Mn Ti
19-
v m 10 | 10 | 06 | 04
Consider the following dats
.
Metal Gram atomic | Valency of | Density
. cy
: weight dissolution gm/cm3
Nickel 5871 2/3 8-90
Chromium 51-99 2/3/6 7:19
Iron 55-85 2/3 7-86
Silicon 28-09 4 9.33
Manganese 54-94 2/4/6/7 7-43
Copper 63-57 /2 8-96
Titanium 479 3/4 4-51

Using the lowest valency of dissolution for each element, determine
the material removal rate, when a current of 1050 Amp is applied.

(© @i 6 verer & o & shwe § i @ arer Rl e 3 s sfoe
(Flow Patterns) %Y SWHTST | U5 3Tex yare Nfred & forg =gt wid gt 6t Sft

1o 2

With the help of a line diagram, explain the different types of flow
patterns used in plant layouts. What are the conditions to be satisfied by

an ideal flow pattern ?

Q7. (a) SSWW%%WW?&C@H)WHWR&@,WWW%
= Frdee o eriferes weiae i 3 e affwe g

THUT T = 0-25 mm/rev

i 7T = 250 m/min

FATH MRS = 1-5 mm

D S AYer 1 3w = 0-30

FeafeR FdT ot = 1100 N

&fat s 7 = 600 N
SLPM-P-MCH 17
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(1)  STTEOT G o ATy AIEIT S
(i) TREIOT e T ST St
(i) % () 903 T T
(Gv) TR () IS 3 TTeT ST 5t
(v) S9uTHT

(vi) T i fia T

(vid) o 3 faear e

In an orthogonal machining process of medium carbon steel workpiece

using HSS cutting tool with 9° rake angle, the following data were

observed :

Feed rate = 0-25 mm/rev

Cutting speed = 250 m/min

Depth of cut = 1:-5 mm

Chip thickness ratio = 0-30

Vertical cutting force = 1100 N

Horizontal cutting force = 600 N

Calculate the : 20
(1) Shear force along the shear plane

(ii) Normal force on the shear plane

(iii) Friction force along the rake surface
(iv) Normal force along the rake surface
(v) Friction angle

(vi) Work done in shear

(vii) Work done in friction

(b) T g it ek SATRAHAT 2400 Fhd & | bt 3 oA seder A T T T 6 2 1,
fmiar 500 3rraT 1k TETRY # wie w 5% B¢ T YT HT ? | AfE A

AN T 32 Wi 31T & o gt ' ar fuffa for =
b tdbd ol et () AT 16% B, Hifsig

The annual requirement of an item is 2400 units. Each item costs the
company ¥ 6. The manufacturer offers a discount of 5% if 500 or more
quantities are purchased. If the ordering cost is T 32 per order and
inventory cost is 16%, determine whether-it is advisable to accept the

discount. /
SLPM-P-MCH 18 '
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A T T TG iehs e fopg e E

[ RN ﬁ________iﬂjﬁﬂam —
;@ ] 328 -
Eaita T §
IR | 196 1,89,900
_@m 41 58,400
G SR 34 11 66,700
@ﬁuﬁaf&vﬁr - 18,50,000
frferfaa fuifa Hifse -

() EHAIS (-3 fersh am

Gi) e Feia forshi amr auany

(ifi) @™ AR areafo farsht

I 10% FRAW, 3R —kﬁ_.q_
I were i Fifa sl & 5% A gfg B | =
The following cost-related data has been collected from a company :
Cost Element Variable Cost | Fixed Cost
Direct material 32-8 -
Direct labour 28-4 -
Factory overheads 12:6 1,89,900
Distribution overheads 4-1 58,400
General administrative overheads 11 66,700
Budgeted sales - 18,50,000
.

Determine the following :

@)

SLPM-P.MCH

Break even sales volume

(i) Profit at the budgeted salesvolume > ————— >
(ii) Profit if the actual sales s S
I.  Dropby 10%,and :
<" 1. Increaseby5% ﬁonﬁ“@eﬁfd sales. -
. |



Q8. (a) NCm#mmﬁﬁmmwmﬁlﬂ?’muﬁ;
o v dtrd me A )
What are the various computer languages used for NC machines 9
Explain the merits and limitations of each language. 10
®) o A R g & Aee F I BT @ GAF ez F 9W 9 0 3
o ez F aftr Wi 60 I 2 | 9 5 Aiee ¥ 30 A A form o 3 3
5 fot a1 viw o i) AR R 2
oy | FEL | FE2 | WS | w4 s
(I | GAEE) | GRIEd) | R | )|
1 | 598 60-2 600 601 599 |
2 | 601 60-3 60-2 600 598 |
L 3| se7 600 601 599 602 |
- 4 60-0 59-8 60-2 60-1 599
5 60-2 60-3 60-1 60-0 59-9
X (X-bar) 91 o fore feizvr dimmd uftericra $ifvg |

T AR 5 % fag i Ay 05777

A small manufacturing unit produces bolts and the weight of each bolt 1s
measured. The target weight for a bolt is 60 grams. A sample of 5 bolts
is taken every day for 30 days. The weight (in grams) for first 5 days is

given below :
Day Sample 1 | Sample2 | Sample3 | Sample4 | Sample5
(wt. in gm) | (wt. in gm) | (wt.in gm) | (wt.in gm) | (wt.in gm)
1 59-8 60-2 60-0 601 509 |
v 2| o 60-3 60-2 600 598
2 597 ) 600 60-1 59-9 60-2
— 7 B
© 4| -600, | 598 60-2 601 599
— W Lo oo BN
5 60-2 60-'.3 601 600 599

=S
Calculate the control limits for the X (X-bar) chart.
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Y The constant Ay for a sample size of 5 is 0-577.
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A certain component can be manufactured either by welding or by

forg‘ing process. The factory has an order for 5,00,000 units. The costs
involved for both methods of manufacturing are as follows :

Cost Welding Forging
Fixed cost % 15,000 £ 94,000
Variable cost/unit b T 425

(i) Which is the most economical method of manufacturing the
component ? Draw the indicative graph also for BEP.

(ii) What will be the loss if a wrong choice is made ?
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