www.prepp.in

Pprepp

Your Personal Exams Guide

UPSC CSE 2020 MAINS PAPER 6 JANUARY 17, 2021 MECHANICAL ENGINEERING OPTIONAL PAPER -1 QUESTION PAPER

94-0A I/ Paper 1

eafRa qag; diT e s7ferpay 3k » 250
Time Allowed : Three Hours _ Maximum Marks : 250

T9- Graeelt faor orgew

FUTT TVAT % I 27 @ G FReAloriira e Sav @l earTga s ag ;

a7 arra g9 & 7 3t @t 7 v & aur = a7 arat gl 4 59 U E |

qOeTelf @t o7 qier F¥ & IR G4 8 [

gor G@gr 1 3 5 ahart § gt a1 vl § 8 Y% GUE & FH-9-FH U J¥7 G [0e] @i 99 & I i |
\ yeer JP/ 9T & 3% 3@ G 13T T F

gol & IR MWW&WW?@WWWW—W#“WW?, 37 39 HTEIH FH T
T F-TE-IH (F.H.T) §EH F §E@-78 W Ride v W fFr T aweg | 5ilgd aead & ke 7
Godt aregm 7 o7@ 70 I W FI5 3 T8 15T |

T57 H7 I 27 & 19T 312 FI¥ gauRend 77478 7% 7, 7 3% e &9 G [l BT |

T8l VT 7, HRG T AT B, T HT IN §7 & o8 17T 7€ w17 H & F5T |

TG % IFET 7 &, THd 7o Feraed! yuiord TS A § TIE & |

v & I & T FALAR F) ST | IR BT TG &), a FT & IR 1 AT F AN e T8 IR HAT: 157 T
& | JoT-TE-I GIE®T 7 @it SIgT §37 §53 I7 IS ¥ H T &Y & HIeT T FIgY |

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 5 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 Booklet must be clearly struck off.
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SECTION A

Ql. (a) UH HR fUH A0 ¥ 6 m/s2 & a0 & o1 =T IR o & o) B omg &

1 Agehd: e 10 TFvE § I & ST 3, qvE R BR 1 ¥ e
Tl 8 | R T ITRH ¥ 400 m qh 1 SUTeFA A1 A Feife il |

A car starts from rest with an acceleratioh of 6 m/s2 which decreases
linearly with time to zero in 10 seconds after which the car continues at

a constant speed. Determine the time required for the car to travel
400 m from start. 10

(b) T TR dH dR A W diee grT Heft 2 | afe ar & g9m9 =51 gf@mmor 2500 N
g, @l "lee W x, y a1 2 fewnadi o framsfer s get 1 frafor £ifw |
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A tower guy wire is anchored by means of a bolt at A. If the magnitude
of the tension in the wire is 2500 N, determine the components of the

force acting on the bolt in the x, y and z directions. 10

&0 m "T‘ L 40 m

A five-bar chain is shown in the figure. Prove that it i1s an

unconstrained chain.
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(i) tom 4 uis 7 g, Yenfis S@en 78 2, fug Hifm |

Jt

(d) Wﬁam%ﬁﬁm%ﬁmlﬁ-ﬁmaﬁwﬁwaﬁwﬁ%ﬁmé?
Define the term hardenability. Which factors affect hardenability ? 10
(e) b W ! shif~reh il =t fwifa Fifse Rrger =8 25 mm & o

0-8 m ¥, 3R I wex forqfd W 1 kg goawm & =y R} w oo 2
SMHE YT =T T 50 g/emd T AT T 2 x 106 bar £ |

mewi
L 0-8m - >

Determine the whirling speed of a shaft 25 mm diameter and 0-8 m long
with a mass of 1 kg placed at mid span, simply supported at ends. The
density of the shaft material is 50 g/cm® and Young’s modulus is

2 x 10 bar. 10)
Fﬂmmijw]jwrrr
. A
< -8 m >4
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Q2. (2 vy yord we % fAfRa fag W e 120 MN/m2, 60 MN/m? it &

ATfereha: SR JATHRT d°9 Jfdddl 3 | 38 AATET, 80 MN/m?2 1 Sq&Eq
gfdaer, Ffiree gfdael W 99— €9 9 HRAd 8 |

ﬁuﬁmﬁﬁq:

(i) T& Afaaal 1 i v e

(ii) ATUhdn TgEgw Yfdasd &1 qiETor g feum

(iii) 120 MN/m?2 Wfdeer <1 fesm o 30° g aa1 W THH-I T IGEJ Fidee

Gy' = 60 MN/m?*

o

C,e¢— — o, = 120 MN/m?>

/
i — 7= 80 MN/m?*

0 ¢

At a certain point in a piece of elastic material, there are normal tensile
stresses of magnitude 120 MN/m?, 60 MN/m? acting orthogonally to
each other. In addition, there is a shearing stress of 80 MN/m? acting
normal to the normal stresses.

Determine :
(1) the magnitude and direction of the principal stresses
(i1) the magnitude and direction of the maximum shearing stress

(ii1) the normal and shearing stress on a plane inclined at 30° to the

direction of 120 MN/m? stress 20
Oy = 60 MN/m?
/
P — o, = 120 MN/m*
V

l = T = 80 MN/m?
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(b) () TUHEE & glal 6 gen @ =« faffa Fifve & 10 mm =+ *
60 gial Il =Mferd PR afEEm 300 rpm W goar & | @ v firdd @

YA i%lmﬂilm%@ﬁaéﬂﬁiﬁnﬂmsﬁﬁrm

Determine the number of teeth and the speed of the pinion where
the driven gear wheel has 60 teeth of 10 mm module and rotates at

300 rpm. The two spur gears have a velocity ratio of i Also

compute the pitch line velocity. 10

(i) T 600 mm g T &4 3 g HH=R W hI TR TRl gry geg
foham M1 8 | U AR 1 360 rpm T GA I 120 rpm T YT B |
it 1 srfveRer hifsre afg gefia 3= 25 mm # |

Two parallel shafts, about 600 mm apart, are to be connected by
spur gears. One shaft is to run at 360 rpm and the other at
120 rpm. Design the gears, if the circular pitch is to be 25 mm. 10

(c)  x-H& & HIUY SWThd &F & Agead Mgl w1 Fufor Hifsg |

y
\( 240 mm >|

A

/-

4

r = 90 mm

120 mm

l

Determine the moment of inertia of the shaded area with respect to the
X-axis. 10

e 940 mm >|

|
¢/
£

.
r = 90 nmm

120 mm

|
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3. (a) U3 TE o UE WR & U AUEIUl ST TG 3§ MUl I FART |
ﬁﬁlﬁﬂwaﬂ@aﬁﬁ%quémﬂaﬂﬁ%ﬂﬂﬁmﬁaﬁ@ﬁﬁﬂﬁ
F1d <HIT |

90 kN 54 kN 22 kIN/m

<—— s -
151 e B 3 m 24 m

Draw the shear force and bending moment diagrams for the beam and

loading shown. Also determine the maximum values of shear force and

bending moment along with their respective locations. 20)
90 kN 54 kN EQ kN/m
in
A K
a3 B C i 1)
AETTHMEE O 7 B

b) T e e ol g 300 mm o # | S S T A 9T YWY § |
frereft ot ¥ 378 ¥ 40 mm Y g W TG F WA FEA 7 | Tlld T AR
H1 T 70 kg A1 Y% Siel 1 A 10 kg @ | Gqferd =Tl <kl TTOMT
£ Safs Stet s gEiA B3 200 mm 2 | 3fz ooy, wefia W 20 N 9R &
W%,ﬁgﬁ@rﬁﬁwﬁm@ﬂm)wéﬂﬁ?

The arms of a Porter governor are 300 mm long. The upper arms are

pivoted on the axis of rotation. The lower arms are attached to a sleeve
at a distance of 40 mm from the axis of rotation. The mass of the load on
the sleeve is 70 kg and the mass of each ball is 10 kg. Determine the
equilibrium speed when the radius of rotation of the balls is 200 mm. If
the friction is equivalent to a load of 20 N at the sleeve, what will be the
range of speed for this position ? 20
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(¢) Fafifea frea-dmmers aot % A TH1T Toheh A F 1T -

(1) (101)

(i1) (110)

(111) (221)

Draw the following crystallographic planes in cubic unit cel] : 10
(1) (101)
(i) (110)

(in) (221)

Q4. (a) W90cmw,200maﬁﬂﬁ$a’ﬂ€@8mmtﬁa§aﬁﬂm§3ﬂaﬁw
DIV TIHSA T W ateT Y W 2 | F1% 20 cm3 AT T Fo F 3
99 feram WTQ, 4t g Shifse

(i) W@ & g S T AR T <
(i) IRa uftefi yfeee
ﬁEIT T ? :
I HYTF = 2 x 105 N/mm?
CTET AT = 0-3
A cylindrical shell 90 c¢m long, 20 em internal diameter having thickness

of metal as 8 mm is filled with fluid at atmospheric pressure. If an
additional 20 cm? of fluid is pumped into the cylinder, find

(1)  the pressure exerted by the fluid on the cylinder.

(11) the hoop stress induced. 20
(ziven :

Young’s modulus = 2 x 10° N/mm?2
Poisson’s ratio = 0-3

URC-HU-MCHE £
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(b) o ¥ giiE SIgER O ol ((X) quta: Wgferd gtaT @ 99 2 kg 3N 1-2kg
ZH SR ®Y Y A 91 D del W 200 mm BT © S S@ 8 |
A a9 # TqfeTa g x-31§ & T1Y g |k D dd § I8 120 mm BT W

2 | BaYUT C gauI o qfmr qun fesnati ot sma ki |

0\
120°
L5 el

T

250

500

A rotor is completely balanced when masses of 2 kg and 1-2 kg are added
temporarily in planes A and D each at 200 mm radius as shown 1n the
figure. The balanced mass in the plane A is along the x-axis whereas in
the plane D, it is at 120 mm radius. Determine the magnitudes and the
directions of the masses B and C. 20

!
\f120° .

+

250

500

350

URL-U-MCHE 9
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(¢) A1 fmr (4 ) ° fomesi ) g@m % YR W I-ueret @ offeor
HINIT | A1-GT=A1 aTel 9g1ef o TshAY & g Joiqd JUTTH o947 & 2

Classify the nano-materials depending on the number of dimensions in

the nano range. What are the two basic approaches for processing of
nano-structural materials ? [0}
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SECTION B

Q5. (a) THISA A e 9 ¥ 9 = THSAd & ? TG h HEEdr o gHART |

What do you understand by the term ‘flash’ in a forging ? Explain with
the help of a sketch. 10

(b) U &g a1 M 1 A AT 25 mm T IATeeRad TS & A1 Tahref
A=A 0-02 mm R _[Aa9 FATH 0-01 mm 8 | Ti5g ht Figsar e 6

aigsa & 1-5 71 8 | fog aun smwe gt i S 7 File

(i) &g snuiE vgid gra |
(i) ITFE YT 9gfd g |

A hole and shaft have a basic size of 25 mm and are to have a clearance

fit with maximum clearance of .0-02 mm and a minimum clearance of
0:01 mm. The hole tolerance 1s to .be 1'5 times the shaft tolerance.
Determine limits for both hole and shatt

(1) using a hole basis system.

(ii) using a shaft basis system. 10

(¢©) 75 mm SUTH & Tk AT MR shaeh (WA fafem +e1) g0 el «iig it
g &1 Fifvea 9w aean waq TS W ATHSHdT R W hdw kil IS
200 ¥ 260 rpm T % HRY IR 3T " 50 e & 30 fime gt T8 1 =l
1A 120 rpm B YT 3 W=l hl MREfdd W@ U, df §9 hah ol Y

1 B 2

The life of a plain milling cutter of diameter 75 mm was found to

decrease from 50 minutes to 30 minutes due to increase in speed of the
cutter from 200 to 260 rpm while milling a cast iron plate at given feed
and depth of cut. How much would be the life of that cutter if the speed

is 120 rpm keeping other parameters unchanged ? 10

@) faftm TR & T A=l & gEiteg Hifvie | Icdg AT qen TshA
Aty bt oAt ity | '

Enlist various types of plant layouts. Compare product layout and

process layout. 10

URC-U-MCHE £
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(e) Teh huHl fohEll 9% sl TYFR ITAR H = ! JSHT sAG 8 | I J%qQ < 5
W3 Wd RGOS 73 & b oft fomn fosh arell aqd g &0t | s
foRtam = 2,000 2 | Y T 9 S g | &= St |

IEYTH €9 H o=t I aref]l geqett i e g Hifs afe

(i) e 90 Tl

(ii) T 400 &Y @1 & |

(iii) Fie YT 750 ST ! d=<dt B, A LT G2 TF @9 bl 70T HifvTT |
A company plans to sell an article at a local market. The articles are
purchased at ¥ 5 on the condition that all unsold articles shall be
returned. The rent of the space is T 2,000. The articles will be sold
at T 9.

Determine the number of articles which must be sold

(1) 'To break-even.
(11) To earn T 400 as profit.

(1) If the company sells 750 articles, calculate margin of safety and
profit. 10

Qe (a) TA=fclRad sTiHfd o AR g0 Wk 91 1 88 &1 I[g Alrersh @Ued (efHm)
o S IR T b TN IEE 9P U9 had 9 & F geshs & gfro
ST 600 N 21 200 N § |

AT BV = 0°

ATiee Afd = Q°

q&d had YT IV (TS TE) = 90°
S gl (EasH) T = 1-732

39y fofd & foiE #e-e & 90 @ H1 I Hd §L, ATEIU T T
UYUT ST ok RN i ToET i |

During pure orthogonal turning of a metal rod by a tool of the following
geometry 1t was noted that the magnitudes of the tangential component

and the axial component of the cutting force are 600 N and 200 N
respectively.

Inclination angle = 0°
Orthogonal rake = 0°
Principal cutting edge angle = 90°
Chip reduction coefficient = 1-732
Using Merchant’s circle diagram, determine the magnitudes of the
shear force and the frictional force for the above condition. 20

12
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(b) U UeH ohg WUE 3T e @l W Hida &Ham 51 ahar & | ucesh & UHH

6 Aa Td aug s STEHR A= & R
o TETyEEERE 0 30fe 120 fme

o THHTW . 10fme | sfme
_-ﬁﬁmﬁ AT (%) B 200 500
e ek T wid e T 2 T 2

o UTEM Ud 3 AWM R Wer T 10 F 20

TR foam8 anTd <l WRUTE T ¥ | ol JET ] qe e il Hig gadd
T8 ® | ravEwarll ®l gl =99 (1) ¥ Q@ forwm s B

G) ot "I h e Hifse e  Fl fasees ster g &7 gftomy 2 8 o
(BEP)

(i) @UQl & =49 & gay # [ fFam &S

(iii) AT 800 HHAT Uid I hi TaTIhar 8, a1 39 HIF-H AT SRrfaa iy 2

A component can be manufactured either on a centre lathe or on a turret

lathe. The cost and time information to process a component is given

below :
Particulars Centre lathe ' Turret lathe
l . _Set-up time l ?;0 minutes I 120 minutes
® Processing time | 10 minuteé ) 5 minutes
h o Tooliﬁg-up cost () ! 200 | 500
| e Labour cost/hr . < 2 Yy 2
| ® Depreciation and other costs per l;our %10 ! T 20

The tooling-up cost is to be recovered within a year and there are no
repeat orders. The requirements are to be met in two lots.

(1) Calculate the quantity at which both alternatives result in equal
cost. (BEP)

(11) Give the decision rule regarding the choice of lathes.

(ii1) If the quantity required is 800 nos/year, which of the machines do
you propose ? 20

URLC-U-MOHE 12
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() To=o® @ifudl g 1| o1q 3k dess (T Ued 3ATh dfce) Thd 4 g 9T
YT A=0] JshH hl SATEAT HINT |

Explain the process of metal transfer in gas metal arc welding process
with neat sketches.

Q7. (a) TU&H HUAl g

10
T 3feEnfes fFRifta seifaes geent 61 foshl i & 13 8 | 9Ues™
(farem) fafa & gro smet i i 61 et 6 9 1 gaigaT-a Fif .
B - fEco00) |
198_6_ o 30
1987 33
T
 losg s
1990 42
1991 46
) 1992 _ 48 A
- 1993 1 50
1994 55
1995 58 .
The sales for a critical component manufactured by a company are given
below. Forecast the demand for the components for the next three years
20

using regression method :

URC~-U-MCHE

VY  Sales (000)
1986 [ o M
1987 {38
1988 37
1989 39
1990 42
1991 46
1992 48 |

. 1993 50 j

1994 55 ?
1995 58
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(b)  TH T AR 127 mm & YRETF =@ ¥ 102 mm F a9 =9 a=%
90 m/min 1 Td ¥ H¥a frm s B | =¥ w1 srdym AW 60 ¥ @
FIH-CT; (S-81E) FATIeS W o070k 0-1 % | 36919 & T T4 W
T 207 N/mm? TF 70vd e a1 @ | Th S99 T 0-5 R w
414 N/mm?* 77 909 gideet fe@ran § | ol § W6ig sfieer-fasfa geg =)
HEd B Y07 Wit TS 3T BT % 19 HATEeRdH FYTiad STgeRol sl o]
hIT | W& sl 3T g a-1d Tqh 481 2 |

A steel wire is drawn from an initial diameter of 12-7 mm to a final
diameter of 10-2 mm at a speed of 90 m/min. The half-cone angle of the
die 1s 6° and the coefficient of friction at the job-die interface is 0-1. A
tensile test on the original steel specimen gives a tensile vield stress

of 207 N/mm?2. A similar specimen shows a tensile yield stress of
414 N/mm? at a strain of 0-5. Assuming a linear stress-strain
relationship for the material, determine the drawing power and the
maximum possible reduction with the same die. No back tension is
applied. 20

(c) FARA JIT) * qod Ui &l Gelag HINU qo7 987 &6 (F4
HIS) B TAY T =q=TT HifGw |

Enlist the basic elements of JIT and explain Kanban card in brief. 10

Q8. (a) UH Yo sl iUk HIT 2500 U (SiE) B | N T YS¥H T 0 T 750
qid 9 1 @ A Tl 2 | St g gh-amh a5 awE 189 Wi gfie wfy
ay g T HCY AP T 1,080 Wl 32w B | wuht o F 250 feaw s e
g | 38 94 % foIq ol 1 form wehr gef-ammft frmer goreft 6 atfiremedn
HAT =AMEC 2 §H AT Sht IO A7 41 gRT 2

The annual demand for a component is 2500 boxes. The company

procures the item from a supplier at the rate of ¥ 750 per box. The
company estimates the cost of carrying inventory to be 18% per unit per
annum and the cost of ordering as ¥ 1,080 per order. The company
works for 250 days in a year. How should the company design an
inventory control system for this component ? What will be the overall
cost of the plan ? 2()

URC~-U-MCHE TS
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(bj Wcmﬁwwquﬂmm%mmﬁwm
1 T SEfe AR gord afd ¥ RAad Wi | Sgen AT R

Determine the percentage change in the machining time for a USM

(Ultrasonic Machining) operation cutting WC plates when the tool

material is changed from copper to stainless steel. 20

©  areques fwt (o A=seaton) & o ue aiemd w2 steqaes et
Tl i 3T H YW dTell HigATgal 1 == HfY |

What are the advantages and limitations of lean manufacturing 7

Discuss the difficulties in adopting lean technique. 10

URC-U-MCHE 16
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