CS (MAIN) EXAM:2018 EGT-P-MCHE
Tifaes ==t / MECHANICAL ENGINEERING
THH-A 1/ Paper 1

it g - At w2 ey 37w ; 250
Time Allowed : Three Hours Maximum Marks : 250

v Tt v sqew

FOUT TFT & I 3 7@ qF el uee JgEe et ey O o

s sz v # at gt st & Fonfa # s = o st s A o7 R #

witarrall ) et ofe e & I ER #

vov w1 3 5 anfdard § war et wet § 8 wede wvs @ wu-g-wy vw 59 WA lbeaT ot el & I g |
v e & e awes w Rrom §

TF & I 36 s aregw F frd o iy B agw sk wiw-gx & fear o B, ol g e w1 o
T W-AE-I (FLALT) O & gy W AR mnw w e arr iy ) wiftge srem & sl s
Tt wregm & fore Ty 3T W FIE S TE @ )

9T F I 3 & w77 FiF e 7% 77 &, @ 3¢ ove w7 8§ Higw #a

TET ST B, WG T (A Y, Y #3849 % io /50 77 T OB a9

T o T T 8, G FaT weErae yelcm waw et 4 g #

St & T @ T FEEan @ et | w6 e a5, o ve & e O mevr o are o aw I s R
A | FET-EE-I QT § W} G1F §N §9 I T AW W e Y & W e e

Question Paper Specific Instructions

Please read each of the following instructions carefully before attempling questions :
There are EIGHT gquestions divided in TWO SECTIONS and printed both in HINIM 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 attempited
chooging af least ONE question from each section.

The number of marks carried by a question [ part is indicoted ageinst if.

Anmwers 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 o 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
guestion itself

Unleas otherwise mentioned, symbols and notations carry their usual standoard meanings.

Attemnpts of questions shall be counted in sequential order. Unless struck off, attempt of ¢ question
ghall be counted even §f 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
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A cord ACB, 5 m long iz attached at points A and B to the vertical walls,
3 m apart (Figure 1). A pulley of negligible radius carries a suspended
load of 200 N and is free to roll without friction along the cord.
Determine the position of equilibrium as defined by the distance X, that

the pulley will assume and also the tensile force in the cord. 10
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(c)

(d)

An element with stresses acting on it at a point is shown in Figure 2.

o, = 80 MPa

Gy = — 100 MPa

Ty =+ 50 MPa

1
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80

AT

All stresses in MPa
Figure 2
Determine :

(i) MNormal and shear stresses acting on a plane AB, whose normal is at
an angle of 110° w.r.t. X-axis

(ii) Principal stresses and their location

(iii) Maximum shear stress and its location

100 mm =T 1 TH A9 150 =wwt wfq fime & nfa 3 997 77 300 kW
el Fafta wt ¥ | afy sfteran seamanl oftoe aw-emanl & 259 e
2, ot Tt o witme w1 ofe wE A 3w e | dwe i e
15me | fEm ™ & G=85GPa |

A shaft is rotating at 150 rpm and it transmits power of 300 kW. The
diameter of the shaft is 100 mm, What is the magnitude of torsional

shear stress and the twist if the maximum torque is 25% more than the
mean torque 7 The length of the shaft is 1-5 m. Given G = 85 GPa.

% D = i 3AEd 7E S ) vy wifts 9w 1200 S0 & | 9
v w1 3/4 D HETE =W F 919 S@rgen w1 % fon w@ira e e, |
IqE! o =e w4 2t ?

A bare steel shaft of diameter D shows a first critical speed of
1200 rev/min. If the shaft was bored to make it hollow, with an inside
diameter of 3/4 D, what would be the critical speed 7
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Draw a neatly labelled iron-iron carbide phase diagram indicating
salient regions, phases and reactions. 10

Q2. (a) UH Gigl HHT HAGE W U@ 500 N 9W T T2HI, FHd GHAE & GHA
wH 9 H A 200 N w1 =9 o w4 w1 AR st nfimm gmr e
FA1 2 TG 300 N T 5 596 ® S U S H 0% T W, T
F1 TS =T TR A £ | GEae =i HHE 0 3T Sae 3N EE F
e = 7o s Fife
A block weighing 500 N just starts moving down a rough inclined plane
when it is subjected to 200 N force acting up and parallel to the inclined
plane and it ia moving up the plane when pulled by a force of 300 N
parallel to and up the plane. Find the inclination of the plane and the
coefficient of friction between the inclined plane and the block. 20

by wH ure # 21 wieehe el o s 8 mm 7Y TEE w7 200 2 | g9 O
fafram fir % <0 o 57 wd 23 § | AR e w9 e =k & sigem o6
o & W &, 9 Fefafa i
(i) ok I (Fuh ° gfal % g $it wen)

(ii) T @ e = 1 sEd=d $m
(iii) ToFEem = 1 g o7 T I
I. o9 F ueEd |
II. 5% F0a fag w™
11§95 & 74 |

Two involute gears in a mesh have a module of 8 mm and pressure angle
of 207, The larger gear has 57 while the pinion has 23 teeth. If the
addenda on pinion and gear wheels are equal to one module, find the
following : 20

{i) Contact ratio (The number of pairs of teeth in contact)
(ii) Angle of action of the pinion and the gear wheel
{iii) Ratio of the sliding to rolling velocity at the

I. Beginning of contact

II. Pitch point

II. End of contact
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Q3.

(el

(a)

s faagsd & fofefes gmoaest §1 softm oeene, =%
T va Ay it i % ged § gam-grel vE i o i ey |
miﬁlﬁq:

(i) THIEEE

(i) wEEA Ol

(iti) =Tge

(iv) 9rfiE gdaanEe

(v) WEAHEEE

Summarize the microstructures and mechanical properties of the
following microconstituents of irom-carbon alloys in terms of phases
present, arrangement of phases and relative mechanical properties : 10

(i) Spheroidite

{ii) Fine pearlite

(iii) Bainite

{ivl Tempered martensite
{v) Martenzite

o3 3 4 7w n1d wifta wm & fagei cvd D W fadm 3w A | s
oiq F HAES-FHE 150 mm x 300 mm (GieE) B 99 IRl e
E=200GPa# |

100 kN
’ 5 |
A : & D——»X
2m -I- 2m +1m.|
faT 3

Determine the deflection at points C and D for the beam loaded as
shown in Figure 3. The beam is of rectangular cross-section
150 mm = 300 mm (depth) and E = 200 GPa. 20
100 kN

D =X

EGT-P-MOHE &



(b)

(e

TeTEl SR OB B 7 et % SR o ®eg § wnemsy R wm s
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T STEEEE Al Al & gea St

(i) HFeq U ATITEN

(i) HEH-ETT

(iii) Fifas srfieram

(iv) FETEM

What are cast irons ? On the basis of microstructure, briefly explain why
gray iron is brittle and weak in tension. Compare gray and malleable
cast irons with respect to the following :

(i) Composition and heat treatment

(ii} Microstructure

(iii) Mechanical characteristics

(iv) Applications

TF BT TE F et T weEE i § | e % veraew # 8 W
FEAE 160 mm =8 % 59 8 gud § (vermee d yand st §) | w5
F10g aed we, 5w el § s 9= 360 S wfy fime @ | wiw R
foufs 4, wie & wfosmm 30 mm dwem 6 e &, 9@ § afiwmw
ofEdT oo ffs & 9@ 1 6% 2 | w=iE w1 gEH 5 kg UE w=fE W
i 35 N R |

I% wd &Y o wea feaf & 26 wos =@ d 1% ofteds 99w el 6 v
=Y G e  fore a2 | qens % fdwa wam w0 ey e
Fr=fealaa = 3@ Hifso .

(i) W guif g = g

(i) & = ggm

(iii) & =1 unfers adtea

The arms of a Hartnell governor are of equal length. When the sleeve is
in the mid-position, the masses rotate in a circle with a diameter of
160 mm (the arms are vertical in the mid-position), Neglecting friction,
the equilibrium speed for this position iz 360 rpm. Maximum variation
of speed, taking friction into account, is to be 6% of the mid-position
speed for a maximum sleeve movement of 30 mm. The sleeve mass is
5 kg and the friction at the sleeve is 35 N.

Assume that the power of the governor is sufficient to overcome the
friction by 1% change of speed on each side of the mid-position. While
neglecting obliquity effect of arms, find the following :

(i) Mass of each rotating ball

(ii) Spring stiffness

(iii) Inmitial compression of the spring

EG T=-PpMioiE =
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Q4. (a) UF T SoWIHR HW FH A6 = 500 mm 79 S=E FH G=2E 10 mm 3 |
Ser i TS 17 m B | 99 AW 9@ 1 MPa B, @ #eemen S %
At =4 4 gfg vd e § afy ot s Hifiw | W geEgE s E o
STE AE F HH FAE: 210 GPa vd 0-3 | 9fz FeErEn ww i aed
el g H9 w1 e 9mi, 91 aeeeen Siw % awed 3 qiEde @ FaRm
Hifam |
A thin cylindrical shell has an external diameter of 500 mm and wall
thickness of 10 mm. The length of the cylinder is 1-7 m. Determine the
increase in its internal diameter and also the increase in length when
the inside pressure is 1 MPa. Given E = 210 GPa and Poisson's

ratio = 0-3. Hence determine the change in volume of the cylinder if the
ends are closed with flat plates,

(b) T gAE o T AT & 3 o @ o Fefa s 8, S R R 4T anin
T | uF A S % w99 B % ney wdy wim 2
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A pressure tank issues water at A with a horizontal velocity u as shown
in Figure 4. For what range of values of u, will the water enter the
opening BC ? 10

i = S L

=== =

Figure 4
(¢) U UkHel T4 Hife EmiEn woaw 77 (e fEft S amefin faeem) §
8 kg %1 U Feifem 7e9E 18 #5502 § 30 S5 FAa 2 | 5 SeEl & gvEn
IH FAAW WA WM % 025 9% U2 wm £ | Frefafaw s Bk
#ifsm
() = owmm
(i) SUEHE J9HT
(iii) FE9EA O
(iv) STEHEA T
In a single-degree damped vibrating system, a suspended mass of 8 kg

makes 30 oscillations in 18 seconds, The amplitude decreases to 0-25 of
the initial value after 5 oscillations. Determine the following : 20

(i} Stiffness of the spring
(ii) Logarithmic decrement
(iii} Damping factor

(iv) Damping coefficient
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Q5.

{a)

(b)

(c)

(d)

wvE B
SECTION B

fre = erE 6 mm W =i § fagg faesh 999 ¥ §F 10 mm
aieR fag w2 | diae & 39 (@8 28) U@ HieE = 3 R s
2 | fawify oftey # vl wd i a9 50 Q E 10 wF § | SE@ deEm
200 V & 99 W=wE F1 36 UR S3En B o § R el (wpfE)
150 V O &1 | Wed =itk &1 qul @ | T Al 69 S A Ay |
o & fou ang Fesmee & (T, ) (Q) UE Wi (W) H afiwe gy
= Thr 2
Q=274 Wwibd

During an electric discharge drilling of a 10 mm square hole in a low
carbon steel plate of 6 mm thickness, brass tool and kerosene are used,
The resistance and capacitance in the relaxation circuit are 50 02 and
10 uF, respectively. The supply voltage is 200 V and the gap is
maintained at such a value that the discharge (sparking) takes place at
160 V. Estimate the time required to complete the drilling operation.
Approximate relationship between material removal rate (Q) and
power (W) for steel material is given by :

Q =27-4 Wl5d

wF FOE e vh Iee w1 Fmin s 2, fedh dae @ 150 9
i % | B wrm T 30,000 R ad & ) Amm w oA W & R
40,000 3% @% = 3:00 ufd T F qeE W A=h o wwdt €, afr g
wififes fsh = 200 vfa s 1 @ & & 2R =fan | Sl = sERE
TEH T 50,000 2 | fRet gt e va a=h @l =iz 2

A company manufactures a single product having a marginal cost of
¥ 1-50 per unit. Fixed cost is T 30,000 per annum. The market is such
that up to 40,000 units can be sold at a price of T 3-00 per unit, but any
additional sale must be made at ¥ 2-00 per unit. Company has a
planned profit of ¥ 50,000, How many units must be made and sold ?

uA . wefiei i gern § e, wefel % a5 9w e g, o e
ot wa Y, wEie & d@e S JEEnEn |

Explain the difference between NC and CNC machines mentioning the
benefits of CNC machines over NC machines.

uF I 6t fias on a9l & win A= 9 g & | wweEw (foee) fafh s g
TH TeaTe i TIHES UF WWEs 99 6 °4i F oeEeed S |

™ | 1|23 | 4|56 7]|8]|9]1

$HE | 124 | 135 | 145 | 150 | 167 | 157 | 161 | 170 | 187 | 168
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The demand for a product during the last 10 years is given below.
Estimate the demand for the 11" and 12" year by method of regression. 10

Year 1 2 a3 4 b 6 7 8 9 10
Un.it‘ 124 | 135 | 145 | 150 | 167 | 157 | 161 | 170 | 187 | 188

(e) () URw sy & weay § “mam (ge)” w1 @ @d 2 2 ol afem g
400 mm ¥ 92 & wAluwan arag Fgwm = Rt S, sm o
O = 0-07 A4 U %1 =418 700 mm ¥ | T w1 vz & fafiwi =,
3w Fsdi 39 B, Sfer e dfe |
What is meant by “draft” in relation to rolling process ? Determine
the maximum possible reduction for cold-rolling a 400 mm thick
slab, when p = 0-07 and the roll diameter is 700 mm. Briefly
describe the methods of reducing the roll force by giving suitable
explanation. 5

(i) Well TR Wi U uziw = wifdn | w0 e 2 2 wifdn & ey 6
e w0 # 2 wr ToRm wem =W A @ w2 2 99 Tdl o T e
wg % vyl 5 Ffem fem wen 6t 2 awn ) few wen
foen = Wt # 2 g = wifeh # wtw & it summn |
What is the difference between open-die and impression-die
forging ? What is barreling in relation to forging ? How can it be
minimized ? How does barreling occur in upsetting of a hot work
piece between cold dies and how can it be minimized 7 Explain the
role of flash in impression-die forging. 5

Q6. (a) N & m arfer § uw wiE st sraen sw e wEwE o wmmfig )

2 fafim =fal & o@e w1 fo w2 | fas s Gifde me €1 afew

A STEwawa it gerid # |

L)l AHE W =l E
T it w= (fme) ufy me
FZer 9w B-48 1,250
WA i 8-46 1,250
A% 9 fimm 5-40) 4,000
e 9o 9y fimm 4-80 2,000
e 5-40 1,000
(] 960 2,500
B A2 17-16 250
e 960 30

A Fif o I ama 92 w1 80% IR R AU 75% WA T HH F
# e wfs wme wfy wefia 400 92 averen § | of adEm H T = Tw
4 urer ferg =t wefid &, &t sifafeem ooiel 0 savgea feifm S
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The table below gives the standard time for the sawing off operation of
different jobs being processed at a job order production unit. Table also
gives average monthly requirement of each indicated item.

Part Standard time Average quantity
Name per piece (min}) per month
Control shaft 8-46 1,250
Serration shaft B-46 1,250

Qil pump gear 5-40 4,000
Helical oil pump gear 4-80 2,000
Brake shaft 5-40 1,000

Hub 9-60 2,600

Hex nut 17-16 250
Thread rolls 960 30

Assume equipment is running at 756% efficiency with capacity hours at
80% utilisation. Consider 400 hours is available per month per machine.
If presently the production unit has 4 power saw machines, determine
additional requirement of machines. 20

®) frere 9% o w (S A) & s o e # 2 A A v %
HATA § FEH T T H E e § 7

What do you understand by Just-In-Time (JIT) ? What benefits can
occur to the company from the application of JIT technique ? 15

(¢) wETE 1 3 de=q # e a@a 30% € E R | WA 9 5 mm/sec & 90
St H STEE-wE w1 dEEE 20 mm? ? | 39 w6 fiaems % o s
it 10 J/mm® 797 T =0 BWA 86% B | WA gro o+ § fwgg g @
Hifem, afg dieem v 20 VR |

Melting efficiency in case of an arc welding of steel is given as 30%. The
travel speed is 5 mm/sec and the cross-sectional area of the joint is
20 mm?. Heat required to melt steel may be taken as 10 Jimm? and heat
transfer efficiency as 85%. Find out the current drawn by the machine, if
voltage potential is 20 V. 15
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Q7. (a) ug TE H 10° A F0 T ©F IR g0 200 m/min F T =T W
T 1 @ 2 | werd o wied vd %A G #Aw: 2 mm v
02 mm ¥ | 5 ofem srmys (vem) W owin o @ ot W 05
& 791 % v % e feee (1) 400 N/mm? 2 | 5= ¥ v oo
1 395 Fa we, Tt = fafo Hifte
(i) ST

(i) W & F Fea vd woig (W) 9w

Mild steel is being machined at a cutting speed of 200 m/min with a tool
of rake angle of 10°. The width of cut and uncut thickness are 2 mm and
0-2 mm, respectively. The average value of the coefficient of friction
between the tool and the chip is (-5 and shear stress {15} of the work
material is 400 N/mm#, Using Merchant's first solution, determine 20

(i) Shear angle
(ii) The cutting and thrust components of the machining force

(b) e, =i vd Hsnw s=Eas 6 SHeaE T GEEE | s
&l & 0 g gen oot = 2 7

Explain the concept of clearance, interference and transition fit. How are
fits represented in drawings ? 15

() wh FPrt # wh fasry gt i " 10,000 7908 9 =4 2 | oy s 5w
T 2007 | Smfm ¥ v fraw f wfew H wvm © 3600 2 ) e
1 e AP aftEe ot fEw o ®

Tr=feifiaa =1 frafor Hifsm

(i) Terwradt smm (wAfdx) amn

(i) W ad sew $ir g=am gem

(i) wfe = wrergs £ = o e

A company has got a demand for a particular part at 10,000 units per
year. The cost per unit is ¥ 2:00. It costs T 36-00 to place an order and
to process the delivery. The inventory carrying cost is estimated at 9% of

average inventory investment.
Determine : 15

(i) Economic order quantity

(ii) Optimum number of orders to be placed per annum

(i1} Minimum total cost of inventory per annum
EqT-P-MCHE =



Q8. (a) U e i waw % e Frw faam 3 e anfes al @ v
# IR A F T St a6 gen w friew fen | e g
St o Ty e w19 At 6 A R

AT areet ZrE T & THEE ol
HHE = T =
1 20 015
2 2 20 0-10
3 1 20 0-05
4 2 20 0-10
5 1 20 0-05
8 3 20 0-15
7 3 20 015
8 2 20 0-10
9 1 20 005
10 2 20 0-10
11 8 20 0-15
12 2 20 0-10
13 2 20 0-10
14 1 20 0-05
15 1 20 005
16 2 20 010
17 4 20 0-20
18 3 20 0-15
19 1 20 0-05
20 1 | 20 0-05

ft-=rd s e 3 W fa=e (3 fom Gl =l (Z = 3)) |
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Quality control department of a tire manufacturing plant has inspected
the number of defective tires in twenty random samples with twenty
observations each. Following are the number of defective tires found in

each sample :
Sample 1 Number of Number of Fraction
Number defective tires observations defectives
sampled

1 3 20 0-15
2 2 20 0-10
3 1 20 0-05
4 2 20 0-10
51 1 20 0-05
6 3 20 0-15
7 3 20 0-15
8 2 20 0-10
9 1 20 0-05
10 2 20 0-10
11 3 20 0-15
12 2 20 0-10
13 2 20 0-10
14 20 0-05
15 1 20 0-05
16 2 20 0-10
17 4 20 0-20
18 3 20 0-16
19 1 20 0-05
20 1 20 0-05

Construct a P-chart 3 standard deviation [three sigma control chart

(Z=3)].

Eo T-P-MOHE
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by  “mqet Torn weu (F.79,00.)" weg it swEn il |
Explain the term “Total Quality Management (TQM)”.

(@ T % wEden w1 ow ol } 7 96 UEA & FO FrEdE sl 9 8 ?
afedum i 1 e snEn g w0 R 7 WEE T Sy Wieadd § 3
F ToEg AWiTET TEE & gEEa & T i | ANy wREu = g
amw w2 v wfedee di w wfien R S |

What do vou mean by extrusion of metals ? What are some of the
attractive features of this process ? What is the primary shape limitation
of the extrusion process ? Differentiate between direct and indirect
extrusion with the help of neatly labelled sketches, What is the primary
benefit of indirect extrusion 7 Briefly describe the three principal
extrusion defects.
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