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MECHANICAL ENGINEERING (PAIER-I)
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QUEETIDH PAPER SPECIFIC INSTRUCTIONS

Thm‘e are EIGHT questmnﬁ 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 guestion from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the mediam authorized in the Admission Certificate which
must be stated clearly on the cover of this (Juestion-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/fipures, wherever required, shall be drawn in the space provided for answering the
guestion itself

Urless 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 atternpted 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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HiE—A [ SECTION—A

1. (a) % 96 AR, oo 2 m %, AT ww= % s ol ¢ 5 B g = o 2 & am,
= iuRTeR B FRPE (B, @) % S W S A 8, Sy 8, T8 50 kN %1 9% 391 1Y
%, o fs 02 fam 1(a) F 3wl o R gl B o Fif, SERE 100 kN AR A W
=T T R aw we wnamen § Al Bl 4wl R owy o= ge e @ wfafen
ENELY
A beam AR of length 2 m, hinged at A and supported at B by a cord which
passes over two frictionless pulleys (P, ), 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.

ks
=

e — Q
100 kN LU Y
= 1ia) / Fig. la) 10

(b} = FEE 1(p) § TF 7 W WireEw g anfd w g
frfeafiga =1 Tagton R -
(i} e e
(it} 4= e
fifif  =AlEER e T
A state of plane stress is shown in Fig. 1(b).
Delermine the following :
fil Principal stresses
fiil Principal planes
{if) Maximum shear stress
10 MPa

—>40 MPa

k.

=1 MPa(% :l—> 50 MPa

al

A

10 MPa
3 1(b} / Fig. 1{b) 10
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fe) W gaE MR R w1000 mm A9 H12E 2 mm §, T a4 MPa w1 iR
Td1E B | A WER O T 9TAER SO & 9W FEE: 200 GPa vE 0-3 ) Pt 5
i ifa
U RIEEE
(i) T % A | 9iEd

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 (-3 respectively. Find the following :

i Hoop stress
i) Change in volume of the vessel 10

{d) TF ATE-AIEd 9 945 rad /s W 300 KW i awm s §1 3= w slem i o0l
2 vg ot 1 sfEna £ g % £ 0-5% 9% TE w2 | EEeE TaTE 9% F§ 5sE
319 Fifar aft gfgn = 2 m B

A steam enpine develops 300 kW power at 95 radf/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 {lywheel required if the radiues of
gyration is 2 m, 10

fe] T T, T 5ENE 8 kg B, W ¥ s wdt ) ST dye gga 544 Nymm 3 59
TET % WY w EwEie @ fear T R, W 40 N O#1 We oI 3, wein weswe wl S
1 m/s ®| FeiafEa 5 e ik .
(i} wITow EEEA T
it EH'F'IEHTIE
fiif) ETTUERT ET9E

(i) = TER AEHE A

A mmachine 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

fit Critical damping coellicient
fiit Damping factor

fiii} Logarithmic decrement

{it} Ratio of two consecutive amplitudes 10
DB T B o0 /36 3 [ BT.CL
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3. (o) SEEER = ow yEEEE = H SEE 200 mm 99 TEE 200 mm B 5E S0
4 m =t wrel fasafi 9 6 kN/m w1 EniEwEE 9w g 3, W T R 2(a) 8§ Fmmm
B T Wimer 3 9fAm wE B R o am feg e AR S =E A W 050 mown
TEHA A7 F 50 mm s A 2
A simply supported beam of rectangular section is 200 mm wide and 300 mm
deep. It supports a uniformly distributed lead of & kKN/m over an efiective 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

ahove the neutral a:as.
-6 M/ m
A Pj:ﬂ:fjng'rm:h B

e— i m——

3 2{a) / Fig 2(a)

(b T F gamn R ¥ agim e A gee Rl s o R o w il

TR T W S w0 TE R | T T ot s 003 B

(i) Afiran winae e

(i) iR aren g e

(it} =ATeeRAy g
Compare the permissible diameter of a steel circular shall, subiected to
torsion, according to the following theories of failure. Assume Poisson's ratio to
be 0-3 -

fil Maximum stress theory

fil Maximum shear stress theory

(i) Maximum strain theory

() FE R 20c) A ewln T HH AR HE TE-gE AW 30° FE §E 98 WIE B 0H A Py
=l €5 TOE F wui, 4= 4 W 9 e e R us i [ Elaﬂﬂrmamaﬁmmﬁ
we § A s e, ﬁﬂ%aﬁrm:ﬁ'{m:ﬁﬁmwﬁlﬁﬂuaﬁmﬂﬁ{ yHE
e a1 el wm e T A awtan v B @@ 2 e e e i, ﬂﬁ EEE
T = Trmea g
Fig. 2(c} shows three flat blocks positioned on the 30% incline. A force P parallel
to the incline is applied to the middle bleck, The movement of the upper block
is prevented by allaching 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 hgure.
Delermine the maximum value which P may have belore any slipping takcs

place,
-n:-':hl.
sl o
s
T4 2(c) / Fig. 2(c)
OB TR B o oSS f 36 %
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3. o) TH UEHEEE F Ew i w, TR 9EE 1 m w =W 50 mm 2, 59F weEn ol gem
FET FE (50 mm) F 7790 % T i 4 =50 B a2 59 amen 1 96 Sl £
T TR 4 U i v eeE w0ER anpf wm @ v ¥ osmm % e fw ow
TR ST F41 BFT? S9A 1 gad| viiss, St & gga s = 9 R
A solid aluminium shaft 1 m long and 50 mm diameter is to be replaced by a
lubular steel shaft of the length and the same outside diameter (ie., 50 mm)
such that each of the two shafits 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
aluminiiam. 20

(b) e g wEElRn il A R aib) F smtn o ) fer A, D e E wdsE poag
T W B Y T B s oo wg-me @ @y, s el P R wod, woaw e E
adt el o = auiE R e A, B @R O % aifier ST 9= w18, 45 e 21 B
0w B e e §) Fer A 100 rpom. $ i 3 =2t i fagla e & g 3 9
TER £ 450 r.p.m. & 7 8 52 F B # gma &) s Foawn e £ R 0f v B oam
=TT |

A compound epicyclic gear is shown in Fig. 3(b). Gears A, I and E are free to
rotate on axis F. 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 ECArs
A, Band Care 18, 45 and 21 respectively, Gears UJ and X are annular gears.
Uear A rotates at 100 r.p.m. in counter-clockwise direction and gear D rotates
at 450 r.p.m. clockwise. Find the specd and direction of arm F and gear E.

—!——--.EE

fa7 3(b) / Fig. 3(b) 15

(e} ALFEE He () ¥ R wRE=gem gim geeia (d@e e Fo) fam ey qun Amite
IR | W s (B ) F gad d, de de fo fm d awgw st aw =
I FE FE g F A (el @ =i (FER 9 o
For a eutectoid stecl, draw and label continuous cooling transformation (CCT)
diagram. Explain normalizing and hardening heat treatment with regard to
phase transformation using relevanl cooling curves cn CCT diagram. 15
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4.

fa)

(b}

fc)

o FEAA A, B, C ¥ DUE TR F e g8 g 8 awl us d del § gnd §) 3 e
12 kg, 10 kg, 18 kg 31 15 kg & £, &l 392% g4 ) B=d @519 40 mm, 50 mm,
60 mm 27 30 mm ¥ TR A ¥ @iy s=eE B, © vd D winfm @l 0=, 1350
ug 270" §| HEeE & T snavas wede w0 i ud e TR 100 mm & EEnow am
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
radii of rotation are 40 mm, 50 mm, 60 mm and 30 mm reapectively. The
angular positions of masses B, C and [} are 60°, 135% and 270% from the
mass A, Find the magnitude and position of balancing mass at a radius of
100 mm.

o, ETR o T wiRee - T s wa A e e fagedl o avia Fifae

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

We T TR 5 W spEat F wng 240 mon B T4 98 U6 Wl oh 510 AT ST 239 9 FE
7 ¥ e R % FEAE S kg B TS wiE w18 kg %AW S0 T 1S @ 90 150 mm
%, WA wiE W I A FE § A wfisan 1 9 200 mm B FEfaiEs = oFE
ﬁﬂ

(i nla = uf (=)
(i) EEEE Gl %, 9fd e § e 10 N 99 W WE

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 iz 150 mm when the slesve bepins lo rise and 200 mm at the
maximum spead. Find the [ollowing :

it Hange of speed

fiif Coellicient of sensitiveness, if the friction at the sleeve 15 equivalent o a
force of 10 N

DT I T sliTr s f A6 F1

20
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HiE—EB / SECTION—B

5. (a) UF @ @ae i, TR 8E%E 400 mm? B, 18 V oM e 1§ 0-3 mm FE-g60m
| TEATE WA 5o, Tead-uent (sEdrkieE) w6 w8 T w8 u
{shiz) TaTTEd BT §, T 9 whie 0-0015 @ € ) 41 FERRE =, THe #Re @R (m” /5
I =i |
e & weEr T i §
HEET = 2
RIS ¥E = 55-85
e = TEED kg/m®
e Faars (SiEE) = 96540 FAM
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 82, caloculate
the metal removal rate, MRR (m?/s).
The relevant data for iron are the following :
Valency = 2
Atomic weight = 5585
Density = 7860 }cg,.-"m3
Faraday's constant = 96540 coulombs 10
b v U W ) e, e e 300 mm 3 e 20 mm B, 1 o AR E § 9 e
Y o = AR 16 mra B FET 21 TR TER S EET 400 men, FOH W T 20 ropom. SR
e F FRH =Ed UEE e 400 MPa 2, o awfas ek (g wR) R 0 am ()
A whifa |
An annealed copper plate of 200 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 BOr.p.m. and average flow stress during rolling as
400 MPa, calculate the true strain and rolling force (kN). 10
(c) T 1w & fe @) we F wER ehEEl A el B st e R ) sftem o wele
wtwe o e Feifafian Tt § Be o ¥ 200 Tee % siem-dlEn & B e
YR, AT I FE SR
Htan Hrmr-sta gt & fe now o fime aftEm-siae
g %_j?“q T WA (m/min)
A A -5 = 150
= B 030 J 180
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 teol will you prefer for 200 minutes of tool life and why?
Teacel Vailue of n for Cutting speed for
tond life equation one minule tool fife (m/min)
Tool A 0-25 1300
Tool B 0-30 1 B0
10
CHTE B ok oE /36 ¥ [ B.T.O.
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fd) w0 weied (B2} W wEE, AEE Td 90 (S ug Awg) wm oWy, BEE g A

fe}

HAHEY |

Describe the philosophy of lean management including waste and value stream
with repgard to manuflacluring.

T SR (FE) R AW S00 TREED O 600 TR AN gl us arn mE F e Rk
o TR F A [EgAE 300 FEEE W 8, 91 S agef (degeeiEe i)
# Toarr W w1 EgTE 79 A | 9F w6 o w A 03§

The demand for an item 1z 500 units and 600 units for July and Aupgust
respectively. Considering forecast for July as 300 units, detormine the forecast
for September using exponential smoothing method. Assume value of g as 0-3,

6. (o) T EEA (ZFN) F T, S wae o InEe e g e T At e G e
5o ¥, Frafafag afwe Br g d .
-1 aTEE = 05
= i = 5o
T Fa |7 = 1600 N
T (W) 79 = 1300 N
-, ST (SR ) W ATEAT a9 w2, 99 @" (N), 9He w5 (N} o -
T =Rifam |
For orthogonal turning using a cutting tool having a rake angle of 5% the
[ollowing dala is gliven
Chip-thickness ratio = (-5
Eake angle = 5"
Main cutting force = 1600 N
Thrust force = 1300 N
Calculate the shear plane angle, friction force (N), normal force (M) and
coefficient of friction at chip-tool interface.
(h)  tEgfEER S 9w o T T T (Fe wge e} AfFEn vl g S G e 2,
T =feen 992 150 A, #0 ddd 12 V 591 9 g0 T 2 mun e 1 vl g §) TR
T fogm = 5 Fte amge wie ATET TEM H T TOEET S5 90% & ol T g AT
aTg (Al) e 6 T 15 Jymm? Fe o s 29 R, A 5w 1wl | feem A
TEAT T FIE AT AR OE E (FEE2) F R W AES 20 mm” R
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/fs. Considering heat transfer efficiency of TIG welding process as
90% and heat required for melting unil volume of metal (Al) as 15 .J/mm?,
calculate the melting efficiency of the process if the cross-sectinnal area of the
weld joint iz 20 mm =,
DB BL el f 36 H

DOWNLOADED FROM : WWW.IASEXAMPORTAL.COM Courtesy

L0

10

20

15

UPSC


http://iasexamportal.com/civilservices/
http://iasexamportal.com/civilservices/

UPSC General Studies Pre & Mains (Combo)

— » 100% UPSC GS Papers Syllabus Covered

eenerat .~ Covered with Home assignment MCQs
Sludies !

SPECIAL
OFFER

. Gistof The Hindu, Yojana, Pib Etc. ¥ 24-000/-
Sss 10 Year Solved Papers & IAS Planner 7 7999/-
~ 1Year Weekly, Monhtly Current Affairs (PDF Copy) Only

for Exam Help Call Us at: +91 8800734161

What you will get:
e UPSC PRELIMINARY G.S. (Paper -1) 100% Syllabus Covered

e UPSC MAINS G.S. (Paper -2,3,4,5) 100% Syllabus Covered Price of the Kit:
e Every section is covered with Multiple Choice Question (MCQs) RS—2‘47999
in preliminary paper.
e Flow chart, diagram and figures are exhaustively compiled, for RS' 7;999/ -
better understanding of the Contents. (Limited time Offer)
e Gist of NCERT for different sections of the IAS syllabus is
covered.
e |AS Planner Booklet - Print Copy [ ﬁ Buy Online ]
e UPSC Syllabus Booklet - Print Copy
e Online Coaching Access (Pdf Copy) e
e Weekly Current Affairs (Pdf Copy) via @D & rupay
e Yearly Current Affairs for UPSC IAS (Pre.) Exam -
e Gist of The Hindu, Yojana, Kurukshetra, PIB (12 Months) - PDF Net
Copy

UPSC PRE 10 Year Solved Papers - (Pdf Copy)
IAS PRE 5 MOCK Tests with OMR - (Pdf Copy)
Guidance & Support from Our Experts

Order Online (100% Safe)

Click here for Other Payment Options (Cash/NEFT/etc)
FOR MORE DETAILS VISIT:

http://iasexamportal.com/SK-200

50%

OFF



http://iasexamportal.com/SK-200
http://iasexamportal.com/SK-200
http://iasexamportal.com/SK-200
http://iasexamportal.com/payment-options
http://iasexamportal.com/SK-200
http://iasexamportal.com/SK-200
http://iasexamportal.com/SK-200

DOWNLOADED FROM : WWW.IASEXAMPORTAL.COM

(o) e Aiemr wEET ® Fem o Iugw e F oy anie iR s Stz gsfifin &
T U SRS W et
Explain the principle of abrasive waterjet machining nsing suitable schematic.
Write the advantages and applications of abrasive waterjet machining. 15
7. (o) TR T TER % AR T awntt w=mEeE i dm aei § frefafes fmd A
w2 = 30003, mmo
iz = 307550 mmo
FefefiEm =1 3w s
(i) gFrEt sTER
i) T v o & W e g (S
fitf) o e Tam S dmg
i) fieraw uE g sEEm
The following limits are specified to give a clearance fit between a shaft and a
hole in a limit systern :
Shaft = 3070 0o, mm
Hole = ?ﬂtgg;g T G
Calculate the following :
il Basic size
fiil Shaft and hole tolerances
{iii) Shaft and hole limits
fir] Maximum and minimum clearances 15
(b) TRl T ) g9 B R OEiE % UEeE 40 min w09 81 T ©E ouiE 7 sEE 80% ® an
Aellwfd 209 &, A 200 0 UR 9uR =A% T aETE v g B dEm o i
ehifim | wm wfifiw T 52 v ufd =d s 48 92 of awe FwEEd 92 3w 2
Lathe machine operations talke 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 vear and 48 hours per week as working hours available, 20
Ca TR B olirAis S/ 36 Q | P.T.O.
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fo) T T el v we w famin R R, fes w3 Pl e agesy §

wiE g (4 gem = ¥ 20
ufg garé ulaefl wmm = & 10
FfFas =ma - F 2,00,000

BTETR qiEe-sie 9rE 59 o aewn qiedl o 20% 1 fiE arE 10% 98 T R
a2 W2 T O EY HE] R A TS, 6w e ey @ St

A manufacturing company is producing an item for which the lollowing
information is given

Seclling 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 quanltily is maintained, then
whal will be the revised selling price? 15

8, (o) TEd o f R TE 350 s (gfe) & oof i g = o € 15 %) e g =
AT 20 SR R S wmEw we ¥ 40 TR T R WA R TET 1 wE W S w B
yiie #le UEe 7 A E Femffam & e e

(it G A

(i) G TR
fiey) =LAH =R

fiv) FAlkEaH =
fuf rad wd g

Monthly consumption of an item is 350 unils and price per unit is ¥ 15,
Inventory carrying cost is 20 percent and ordering cost 18 ¥ 40 per order; lead
time of 1 month’s stock. Assuming ROL system, caleulate the following

fij Reorder gquantity
fiil Reordering lovel
fitj Minimum level
fiv) Maximum level

ful  Average inventory 15

DTS B olFCEL [ 36 10
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(b} TF FE T o Tl & um s AR B vee ifm Frliem w8 sifm R § w6
Wl & H=d A w w0 qlten T s @ str 3R aite o el B aeraa & own Rl
W T HEE # A SEme w0l ¢ (R S FE S wwh g) | agfEeE A w wafies w
(10) =i Titeor 2 & 3% T sid i Sl den F asy § ues e E wlan s st
& o5 W #AfEE AR R §) C =6 ¥ Ty T d@man o i s fogofi difa

| 7/ |1 |2|[3|4|s|6]|7 8|9 |10
. i #l ey (10|12 (13|08 |09 10|12 | 20|07 |06

A car manufacturer performes final inspection befors shipping to the dealers.
The final inspection involves testing and inspection of car with regard to
number of parameters. There is a possibility thal a car may [ail to satisly
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 limite for C chart and comment :

Sample/ Car Fo|a@Ze 3| B | 6] 7T | 8910

No, of defects | 10| 12 (13 (08 |09 |10 |12 | 20| 07 |06

15

fu) e TR He gETERt % T wenkEm A e & Frwm a6 w aviE e S e

Y I9Y AETEE 'Y 2 Hif

Dezcribe different types of control systems possible for CNC operations along

with respective applications using suitable schematic, 20
&k ok
OB TR PoHIRE=E /36 11 SBE—_5120
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