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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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Ql. (a) T ¥ w& e (frw) swifar mar B | i) & & (Bed) W E W 0F &fS 5a
F =50 N @1 T2 | C 97 E W e a1 981 aTet O 0 3d 399 25 mm
qT 3 (efS) 5 mm & | G W fIwfaa 8 arer s aa (Fifedr wid) fuffa
HITSIY, | et =0T 077 g = 0-3 R |

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. 10

‘—200 mm-—-—200 mm-|

B = e
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(b) AR HII AB @1 BC ¥ &+t 70 GPa 47 #idieh areit Uk Uff{aw 98 ABC
%I Tk 200 GPa T HTqieh dlelt GHI THY 1§ hl SR 3910 8§ DE % g1
wfaeenfia foram ST 2 | afe sae Seatat foeaur 9 W) & 3f=rid U iiad 88
& fasaur @ 31fere 7 81, we Ife seara o ¥ Wi ufdse 165 MPa & 31fess T &,
I LT B 1 YAAH A A d i Hifsw |

125 kN 125 kN

fIA N

E

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 125 kN

o
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(c) Tomr o 2uiig 75 u <l 1 8 MPa o qad & dgd Hifsd arg gRT W 1 & | o
T = 12 kNm TRATT T -3 ST 7T @ | St T TR 919 180 mm qT
1R 1 A2 12 mm 8 | ST I Tqel A 8Y 2ol H AAfRrhad gy wfdeet U
Hfereraw e gidere fRuffd i |

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. 10
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(d)

(e)

U WI6-GoR 3@ 6l WEEdl ¥ e < i =il <t gen aerstl =l b
Fifsre ot Fraforfaa 6 suftafa yefia Hiv :

(i) W

(i) 3RS

(iii) HHerEe

(iv) Uetize

With the help of a neat diagram, illustrate the microstructures of
various phases of steel and exhibit the presence of the following :

(1) Ferrite
(i1) Awustenite
(111) Cementite

(iv) Pearlite

U ST Afdehsst MIe1ee & st=aifo S fiRe &t 2 1 fd 19rd Y& & # |
ST 9T 20° B TAT TAE (H1egel) 10 mm © | Fifa & 24 3fa & aon ag a8 firw
=l =Tl € | Afe i o R =l W g9 (TsweT) T T & SRR §, d
it Hifsw

() et it s,

(i) |9 I, 3R

(iii) TofS== =1 fomar =hioT |

A pair of involute profile spur gears in mesh have to give a speed ratio of
2. The pressure angle is 20° and the module is 10 mm. The pinion has
24 teeth and drives the larger gear. If the addenda on pinion and gear
wheels are equal to one module, determine :

(1) length of path of contact,
(i1) contact ratio, and

(iii) angle of action of the pinion.
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Q2. (a) (i) o ¥ ol 3FFER 1000 N I 7 Toh I C Tedeh 500 N ot T a1t 2
el A 91 B SRTEARIq € | P, Q TT R W Eueh et bl o i |

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. 10

L Q
<

3m -

(ii) TR W 1 H T shifih foig v ffem wfcrarer it s swwam & -
Gy = 80 MPa @, 6, = 40 MPa HUIS T Teh 3TET 25 MPa ¥ | @it
1 WHE g 250 MPa ® |

feAferfaa = gaiT *hed gu wvE e 3 Hety § e i fuifa fif
(1) iy UEI A, 3

(D) AfereRan forkfd et AHES |

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 :

(I) maximum shear criterion, and

(II) maximum distortion energy criterion. 10
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Q3.

(b)

(c)

(a)

el STt aTet U e A () H Yedsh e 1 FoHH 7 kg qT Tl
(1T WIR) T 5T 140 kg & | T ST bl I 180 mum T Fiereft et
& foream it =g 90 mm # fome |1 71 St 2 | el o shierh i oo ot @
Zh 25 mm AT SR & P &k Ul 40° FoE W AN F goi A B
190 mm ¢ | fag ¢ fomame &g wqer fa Feaffa iferg |

3T, Afe sfor wue Y Tl W 40 N 3 o7 e & a1 et e e ST, di
ST TUTih T AffiAe o SrEagRie 2 i i #wr = Rt fifs |

In a Proell governor with open arms, the mass of each ball is 7 kg and
the mass of the sleeve (central load) is 140 kg. The length of each arm is
180 mm and the length of extension of lower arms to which the balls are
attached is 90 mm. The distance of pivots of the arms from axis of
rotation is 25 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.

T Soft § ST A HEAT o ATIR /A R (AR RETH) i afied i |
FfieRd AT AT T SAfafa o |rer 319 I R quiia hiferg |

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

(i) U Sk A Gfadd & Tk qewqy ®9 ¥ Sg st (Ri-gr)
YOIt & ST € | sigeh o tfereran 3rged wfaed (Repisen) g 05 m &9 4
fafdse i 1$ 2 | afe g Fi v wfadd ST 10 m/s 7T S H FHAH
500 kg ®, df wfdera o < i gear qur stawes (SF) &l shifdeh TaHe
ot et Fif |
The recoil mechanism of a gun consists of a critically damped
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 mass of the gun is 500 kg, determine the spring
stiffness of the recoil mechanism and the critical damping
coefficient of the damper.
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(i) U Tz Im (e 39) 25 mm FiE wie § 10 foog wfe e fsofeg st €1

Yo% 5% 1 AW 20 mm | 35 1 3 (&%) 60 mm o fogs
Hd THEH T o AT SFerl & | I F W O Tt =5k (Felreodier) et
BT & T TTFdTereh =I5k <t 3tEa T 25 /s ¥ | afe dfsin = sroequr e
% 10 N-m & mm? it Ssit 1 (rawaerar et 2, a) Ufi 39 % dered
A STl Wl (I1ER) T A | 3fe i 1 et IqR-were a1l F 5%
T HIfHd &, a1 TTiuTetes =ik o SoadH it Taashar uffa Hifm |

A punching press executes 10 holes per minute in a 25 mm thick
plate. The diameter of each hole is 20 mm. The punch has a stroke
of 60 mm and the punch moves with uniform velocity throughout. A
flywheel is attached to the press and the mean speed of the
flywheel is 25 m/s. If punching requires 10 N-m of energy per mm?
of the sheared area, find the power needed to operate the punching
press. Further determine the mass of the flywheel required if the
total fluctuation of speed is restricted to 5% of the mean speed.

(b) R WfEd T €A (W) AB o # 2§ 7€ 2 | v g6 48 DEF farg D wafeea 1
o At 2T AT AT 200 GPa T $9H ST8ed 310 20 x 106 mm? |

@)

JEYYT FT AN 1T |

(i) e AT 3T SATET |
(iii) 3Tfereae sish el qo gaeht feurfa gma fifsrg |
(iv) C W faa 3 i |
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A beam AB under loading is shown in the figure. The rigid bar DEF is
welded at a point D. The Young’s modulus of the beam material is
200 GPa and its moment of inertia is 20 x 106 mm?.

(i) Draw shear force diagram.
(i1) Draw bending moment diagram.

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

(iv) Find deflection at C. 20
750 N/m
, n
2K * ‘ ‘ 11 ‘ . { 111
= 24 m 7).9 ey 1.5 m—
700 N

() foreft o goaa aeq & fafir= Y o 2191 ot 3o il <l ge= <hifsrg |

Identify the different types of defects and their causes in a steel article
after it is hardened. 10

Q4. (2) HUHA & foIC wh HR At @1 A v = (0-6t2 + 2t) m/s F AT T oA & &, &
tAHSH |
TN @Rt = 0, s = 0 AT |
i <hifere :
1) 4 sﬁ?ﬁ[?ﬁﬂiaﬁ, 3R
(ii) 4 s WA |
A car is moving in a 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 :
(i) distance travelled in 4 s, and

(i1) acceleration at 4 s. 10
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(b) T3 ATH AB 450 rpm T T & TT A1 M & e F 05 G 5107 52 wefit ooy
&1 20 kW H=TRa &aT 8 | iR F ox 8 kW ot wife =eré 78 ® o fiee G W
12 kW I 9iferd 8218 718 2 | 373 (Sehml) ST9Eqvr Sfdeier 55 MPa ® | 99 AB
1 Ao BIeT 37T A fuifa ik |

hSO in\

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. 20

,\TSO mm

N
~ 2

225 mm

225 mm

2
“@ 150 mm
100
mm| o
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