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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 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 (QCA) Booklet must be clearly struck off.
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SECTION A

Ql. (a) US OHEY 9 H 599H 50 kg Ifq Hiet =g ® | SR O W gfafsrareat i orn
FIfSrT | foaTe 7TU sIer R U et aor d feud € |

A uniform beam has a mass of 50 kg per metre length. Compute the

reactions at the support O. The force loads shown lie in a vertical plane. 10

——18m

(b)  Tom o Tl HTER, U Ren-faal areft 38 ABCD o s @2t & o1 & | ifod
Tl T ATTEI-HIE HTFA A; = 840 mm?2 TIT T Ly = 200 mm 8 | 7T ©
T ATTEL-HIE &I6A A, = 1260 mm?2 T =TS Ly, = 250 mm | Py 3R P
TSI T AR T 255 kN 91 17-0 kN # |
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(i) oo smaml R, 3 Ry, W wfafshand rd shifsre |

(ii) 3% AT W | Tt & o F J1d shifsC |

The fixed-ended bar ABCD consists of three prismatic segments, as
shown in the figure. The end segments have a cross-sectional area
A, = 840 mm? and length L; = 200 mm. The middle segment has a

cross-sectional area A, = 1260 mm? and length Ly = 250 mm. Loads
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Py and P are equal to 25-5 kN and 17-0 kN, respectively.

(1)
(ii) Determine the compressive axial force Fp in the middle segment

of the bar.

(c)  wgfsrecti qart & 0T 1 TR T HEwqUl & ? 38 8 STTATHG oI STl € 2

(i) AfE 100 TAT TEET T 75 FO/A §9 AU S &, Al G1q % T T ASTM 00
TR we it i |

(i) 3t T % foTT, 60 TAT ST T foha /et u SIAT fohT ST Hehd € 2
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Determine the reactions R A and Rp) at the fixed supports.
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Why is grain size important in polycrystalline materials ? How is it
estimated ?

(1) Determine the ASTM grain size number of a metal specimen if
75 grains/square inch are measured at a magnification of 100x.

(ii) For the same specimen, how many grains/inch? can be estimated at
a magnification of 60x ? 10

(d)  ue T grea o, wiivh seeh, WTHT=T YOG &7 0-94 TAT €, 79T ¥ afdl & foIe Ieheh
(TSSH) HIgIE 1 85% & | STHT & q/=M o1 afdt 1 =Fam e 3R Higqer
m % e ¥ Hush 9o Y Sars J1q e, 3
(i) FrR A TEE R
(ii) FrRRsHua 25|

In a gear drive, the power component is 0-94 times the normal thrust
with the addendum for stub teeth being 85% of the module. Determine
the minimum number of teeth to avoid undercutting and length of path
of contact in terms of module, m, if :

(1) The gear ratio is unity.
(i1)) The gear ratio is 2-5. 10

()  ATH d ITEAT Ueh LSS IITHE TS WL (P ATE) P T 91-3ATf (Fh) T % 7l &
(St o Fopr o e T R) | WW P T SATeRaT FIHT W ufewfod i, afy
HHT WHT ITAad o,y & ARTH AT |

feam ™8 :d = 60 mm, T =2 kN.m, o, = 220 MPa
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A turbine shaft of diameter d is under a thrust load P and torque T
(as shown in the figure). Calculate the largest permissible value of the

load P if the allowable normal stress is not to exceed o).

Given :d =60 mm, T =2 kN.m, o,; = 220 MPa 10

Q2. (a) TS IUAR HT & ? TUHT I T © ? ANE-Hle o 3 T FHTd shl qrr
EEEATHS RSl I HeEar ¥ fafi= o SuEn giskaret s

i |

What is heat treatment ? What is its purpose ? Explain different heat
treatment processes with the help of common microstructural phases of
steel on an Iron-Carbon equilibrium diagram. 10

(b) U 3EUTA ATl (W IF) HT 38d A1 100 mm S ARTE 3 mm 8 | 2:25
TUET TV % AT AT (TI) ST EAA fohT ST Wehed STt sTed-SATeol T T0rT
Fifsre, #fE fdmetar =it wrude frefaad 2 :

(i) AT g gideer

(ii)  3tfereram faepfa St
(i) 3Tferemam Ty fashfa el
A B gETd (FeT) i emey €T 225 MN/m?2 T @rEl #J9 v 0-3 )
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A steel tube has a mean diameter of 100 mm and a thickness of 3 mm.
Calculate the torque which can be transmitted by the tube with a factor
of safety of 2:25, if the criterion of failure is :

(1) Maximum shear stress

(ii) Maximum strain energy

(iii) Maximum shear strain energy

The elastic limit of the steel in tension is 225 MN/m2 and Poisson’s
ratio vis 0-3. 20

(c) U e ATed % 5 & b TR T Jedsh 180° Sk WIGHHUT (of) T worreft
Ao e g g fefua fopa o 2
T (N-m) = 8000 + 1000 sin 26 — 2000 cos 20

STET 6 Sheh T AT S8 Hel A& FHE & | % T 500 kg FAHH 3R 750 mm

qRtywr s (Aead 3T SIS JTell Uk FeTseglid ol & | 300 rpm 31 g5 7

QT ST iR i fer T e frefrfiad wra i -

(i)  ffersham, =Haw 3R HEaT Ta-3m (@) | 3= T - 6 @ W o yefifa
Hife |

(i) 3ca ik |

(iii) TTid # et ST IAR-Te |

(iv) AfE, AT i HuTeT o HRT FeATSerter St aftymor Brsar (feaw 30w S
1 HT H 600 mm FH T STe, 7t 47 7 % gfewra san-gere ¥ afg gt 2
I &, at ferat 2

The effective turning moment of a two-wheeler engine crankshaft for
every 180° of crank rotation is represented by :

T (N-m) = 8000 + 1000 sin 206 — 2000 cos 20

where 0 is the crank inclination with respect to the inner dead centre. A
flywheel of 500 kg mass with radius of gyration of 750 mm is provided
on the crank. Assuming external resistance as constant at an engine
speed of 300 rpm, determine :

(i) The maximum, minimum and mean torques. Also represent them
on a T -6 diagram.

(i1) The power developed.
(iii) Total percentage fluctuation in speed.

(iv) If, owing to size constraints, radius of gyration of the flywheel is
reduced to 600 mm, will the percentage (%) fluctuation of speed
increase ? If yes, then by how much ? 20
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Ueh U o1 EYef T@T | a0 a = (2t — 9) m/s2 R eI fopam STt 2, &t
tJHEHR| t=0T,s=1m3Mv=10m/s Bt =9 s 7, @ Fraifa
Hifs :

(I)  =oT o feerf,

(I) o 1 7S ef T, o

(III) TSR AT

The acceleration of a particle along a straight line is defined by
a = (2t — 9) m/s2, where t is in seconds. At t = 0, s = 1 m and
v =10 m/s. When t =9 s, determine :

(I) The particle’s position,

(IT) The total distance travelled, and

(IIT) The velocity of the particle.

o & oI S8R, U e TET o 1 (i U Yeer (2fcrhen) des |
foram T &, St e (SifTeSe) & % WY o = 55° T IV SHICT # |
$F HI BT r = 006 m, <AR F AR t = 18 mm, AT HAidih IS
P = 2:8 MPa g | @1 &, S591d I YLl 897 E = 200 GPa a1 @i
A v = 0-30 2|

3 o TRt W % for fferfaa wftm @1 et i :
() fvefir qam sgee wfdeet |

(I1)  Tfrhas Tl 3R T ¥ ST STEq0 Tided |
(T1I1) wfvefier qer srgeed faefaat |

efctehe dee
A
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A pressurized steel tank is constructed with a helical weld that
makes an angle o = 55° with the longitudinal axis (as shown in the
figure). The tank has radius r = 0-6 m, wall thickness t = 18 mm,
and internal pressure P = 2-8 MPa. Also, the steel has modulus of

elasticity E = 200 GPa and Poisson’s ratio v = 0-30.

Determine the following quantities for the cylindrical part of the
tank : 10

(I)  The circumferential and longitudinal stresses.
(II) The maximum in-plane and out-of-plane shear stresses.

(ITT) The circumferential and longitudinal strains.

Helical weld
AN
ai*_ \
(b) () oot o gl srgem, v fome % v i gae W gwaels Sfiee $ o 2,
ot stfirciar fderet o, @1 o, T SFuETw fdwe 1, B | x-3 & Amad

T 0 = 32° T AT gfdere 37 MPa @9 €, 99T 0 = 48° HI0T T I8
12 MPa HeT 7 | 4 9f4aet o, 110 MPa & % 01e 8, @t Yt o, 74T

Txyw_’(ﬁﬁ ?
h 4
I
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lhcy
__ﬁ 'rxy
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The surface of an airplane wing is subjected to plane stress with
normal stresses o, and oy, and shear stress Tgy> @S shown in the
figure. At a counterclockwise angle 6 = 32° from the x-axis, the
normal stress is 37 MPa tension, and at an angle 0 = 48°, it is
12 MPa compression. If the stress o, equals 110 MPa tension, what

?
are the stresses oy and toy !

(i) T & <wifg 8 worreft i stamfed wrpfaes g Ta RIS |
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Determine the damped natural frequency of the system shown in

the figure. 10

LLLzL B
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(c) U shiw-udied! ity el # 725 GPa W a1t qUf oIS 3 dieredl-ahie % W
3-5 GPa HTUie dTet wuta! Afeerm o sfafifea & | =i & Wit &1 sra ufaered 35%
2l
TUMT SHIfST
(i)  argeed qum sty fammedt & |fty varef 1 e AT |
(i) 250 mm? % ATIEI-FTT &TFA T 50 MPa T Tfaaet T ST W 10T 3R
Ao grT He &Y € faafa |

A glass-epoxy composite consists of full length fibers of E-glass with
modulus 72-5 GPa embedded in epoxy matrix with modulus 3-5 GPa.
The volume percentage of glass fibers is 35%.

Compute :

(1) The modulus of elasticity of the composite in longitudinal and

transverse directions.

(i) The strain sustained by fibers and matrix, if a stress of 50 MPa is

imposed on a cross-sectional area of 250 mm?. 10
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