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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 anstwering 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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Write the equations for shearing force and bending moment for various
sections and draw SFD and BMD for the beam supported at A and B as

shown in the figure. 20
1 kN 1 kN
A (C D} S
T 2 kN-m T o
. * bt
2m 9m ' 2m Tm

3/ (a) “hSlihd UM & 9w (Hafin) o1 0 S 2 2 AT AT ol STy
T HEH HTEANTE TREd=l 1 guifEd #a 7 39 dieAEg I o "o o
9 % fagia = aweme |

What is the purpose of tempering of hardened steel ? Explain the
principle of tempering using suitable schematics including heating

temperature requirement and microstructural changes. 15

(b) UH S Fde N T 2500 N-m &1 55 A0 3 8000 N-m FHI FeA- 370
ST ST 2 | 99 %y %1 W oA Sfee q9n = S giaee
SHY: 700 MPa 3 500 MPa 2 | 5047 0% %1 6 9Fd g0 9% 5 =9 i
ToET ST |

A solid circular shaft is subjected to a bending moment of 2500 N-m and
a torque of 8000 N-m. The ultimate tensile stress and ultimate shear
stress of the shaft material are 700 MPa and 500 MPa respectively.
Assuming a factor of safety as 6, determine the diameter of the shaft. 15

(¢) U use faferet, SN $99 250 rpm W 20 kW fohfd e 8 | Al gr
W@%ﬁﬁmwm%ﬂm@%ﬁmmmmawg|
Tuu a1 Yo w! § foRU T HR A0 A HRA | S SR A
i % 2 o st o 1 frgsfa wm fomn mn R ) A afenes =%
F1 ZeAH 1500 kg @1 gfsmon B 0-6 m 2, Al G F IS H Qs

31 it |

A single cylinder, four-stroke engine develops 20 kW at 250 rpm. The
work done by the gases during the expansion stroke is 3 times the work
done on the gases during the compression stroke. The work done during
the suction and exhaust strokes may be neglected. During expansion
and compression strokes the turning moment curve is assumed to be
triangular. If the flywheel has a mass of 1500 kg and has a radius of
gyration of 0:6 m, find the coefficient of fluctuation of speed. 20
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Qi. (a) F{:Cﬁ?mzﬂﬁmm%ﬁmm#gamguﬁmmqm%fw | -‘
w Fifea (Ir) g $i fem £ o $ifi | o o 2 & e B S
m% FCC fFea I 2, w90 2244 g/em® 91 W] ¥1 1922 g/mol R @
[#rarmE #1 FEE (N ) = 6-022 x 1023 gmmyde 2

Find out the value of atomic packing factor for the FCC crystal
structure,

crystal structure, a density of 224 g/lem® and an atomic weight of
192-2 g/mol. I3

[Avogadro’s number (N ) = 6:022 x 102 atoms/mol]
(b) m@‘a'ﬂkﬁﬁfdﬁiﬁqﬁmﬁﬁ?ﬁuﬁﬁﬂﬂéﬁ{m}i|m !
92 F UE A o G GIBAS qgea Aol 70 HHw | |

An inscribed circular hole is made in a triangular lamina with each side
| ‘a’. Find the area moment of inertia of this lamina about one of the sides. 15
I

() | Z=MH A, B, Ca91 D #aH s v ofs #43 # it vs oz @ anem 2h
TE | 559 B H YW 6 kg R | 3599W B & zeANE C a41 D FH91: 90° 3 |
240° %1 IV T & 2w § 591 3 |

afe 7 gieen dge | 2, A zeAEE A, C 991 D %1 9REm o A B i
feafa sma Hifaw |

Four masses A, B, C and D revolve at equal radii and are equally spaced
along a shaft. The mass B weighs 6 kg. Masses C and D make angles of
90° and 240° respectively with B in the same direction.

i
|
Calculate the radius of an iridium (Ir) atom, given that Ir has an FCC '
i

Find the magnitude of the masses A, C and D and the angular position
of A, if the system is in complete balance,

L S W—— "

20
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SECTION B

Q5. (1) 5 mm ¥R H G wEw F TIG Iee 200 A faga wm (1) A 12 V 56
aieedl (V) R foar sman R | um fifse &6 s g sifHa 70% Fen &1 3w
qel o1 % fEem § fi @ | af sewa P desa 21 2 s faem &
fe 20 J/mm? a1 6 Wﬁ?ﬁﬁ 1 fr= =1 3 Hifo .

(i) deed 3% &1 9fE (W)

(i) 9% = oW W FF 7o F o wem F 516 & (W)

(i) 98 FFE & (mm¥/sec) 99 W I8 91g H1 I &A1 8

TIG welding of two sheets of 5 mm thickness is performed using welding
current (I) of 200 A and arc voltage (V) of 12 V. Assume 70% of
generated arc heat is utilised for melting of base metals. If the steel
being welded needs 20 J/mm? heat for melting, then determine the

following : 10
(1) Power of welding arc (W)
(ii) Rate at which energy is delivered for melting (W)

(1ii) Volume rate (mm®/sec) at which weld metal is produced

(b) U I O IEAE (HSS) % Fdq AAR F tgHiAEE & 60 .M A =
W EET % A0 SR S FE 39 2 | n H HH 027 FFG §Q a
T affehel 1 T A gY = i wm i

) 80 . /fFe wdT 9| W, GUE F W ISR A |

Gi) ' Faa e foE W Fdad SR $ g 2 92 Bl |

A high speed steel (HSS) cutting tool during turning of aluminium offers
tool life of 3 hours at cutting speed of 60 m/minute. Determine the
following using above data and assuming value of n 1s 0-27 : 10
(i) Life of tool if turning is performed at 80 m/minute cutting speed.

(ii) Cutting speed at which cutting tool will have tool life of 2 hours.

() 3wred wewi § gooh-ge T (Hh) FA F w0 FE 2
What are the reasons for carrying inventories in production industries ? 10
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(d) Wﬂ?mqufwwﬁﬁmﬁuﬁﬁﬁmfﬁgjﬂ g
3 fsfy wre 5,17, 29, 41 9 39 sl i ot | Foepa B

férsar gafamm =ma § | |
ﬂTﬁEﬁﬂﬂﬁi{ﬂ {Last
(i) Pt fafet & R qEiae Fw S o STRET -
Value Method}, sitaa fafa HT dH mqﬁmﬁﬂﬁmﬂﬂﬁ arEd
ol |

(i) ft 7% P o feea wfd & sgEr w0 I R
fafty e e e 3 T S 2 2 2 147

An XYZ company launched a new product which had sales of 5, ; ;’;ales‘,

41 and 39 units respectively in its first five months of launch. The

Manager now wants a forecast of sales in the next month. .

(i) Find out sales forecast by the last value method, the averaging
method and the moving average method with the 3 most recent
months.

(ii) Given the sales pattern so far, do any of the above methods seem
inappropriate for obtaining the forecast ? Why ? 10

(e) @ﬂ?ﬁiﬁaﬂiﬂ*ﬂﬁmmmﬁ?"ﬂ;f@ﬂhﬂﬁlﬁﬁﬁﬂm% F =8 $l
st & fon v rw B sEvas & | 32 v wifvds afgw gonell $1 e
F1 B, A i B fd w g0 2 wm fifen B T afmar 3 Fedo g2
W, F1d GiEwmE & 10% 2 | |
A mechanic needs a gauge for checking the diameter of holes to be |
machined to a diameter of 307% mm. What should be the dimensions of |
the gauge, if unilateral system of tolerances are incorporated ? Assume !

gauge tolerance and wear allowance each as 10% of work tolerance. 10
Q6. (a) W= FFH A, B, C, DT EF WA W wmEw 2 2 | weEm =wa (R ) & |
fra faf (vt &) Fooam 2 |
TR e | fa fafw | |
! (fem &) (=eft /) 1
B 4 10 i
¥ 5 15 l
D 8 20
E 7 30
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Five jobs A, B, C, D and E need to be processed on a machine. Processing
time (in days) and due date (from now) are given below :

Processing Time | Due Date |
Jobs : ; '

L - (in days) ; {from now)
A 6 | 5 I
| s NE T
c | 5 | 15 |
- L 8 | 20 |
E | 7 | 30 |

Determine the total completion time (in days) for all jobs, average
flow time, average number of jobs in system per day and average
tardiness using Shortest Processing Time (SPT) rule so as to
establish appropriate sequence for processing of jobs.

& wEd w=d, foeeli @ FiewE S wh AU Ha & fan e SR T
T R | yEE Gvitae e & fau arfts fon e, sfEst @
s i werd o st stes Y Aol § e § | w3 % o s
40000 SHIET ) a3 T o Ty aeds oewa w0 Rt
£ | T ST $ oY 3R $i agen ww AE o F\ i |

—

i | i
‘ i | fooeht | FewE
for @ (T) 800000 | 600000 | 500000
afraed @G 9fd 36 (%) 30 40 50
w7 g 565 (%) 60 | 60 60

Three cities namely Chennai, Delhi and Kolkata are being considered as
potential locations for a new plant. Estimated data of annual fixed cost,
variable cost and revenue per unit for each potential location are given
below in the table. Determine the most attractive location for the plant if
the estimated annual production volume desired is 40000 units. Also

determine break-even production volume for each location.
City
b Chennai | Delhi | Kolkata
Fixed cost (T) 800000 | 600000 @ 500000
Variable cost per unit (¥) 30 40 50
Revenue per unit () 60 60 60
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e s one 003 & um o7 H SR

W Uk uwE farg wda sitom R @ @0 10° 7 9 dfos a4 96 (Fyy)

: iRl S e s s 02, Af |
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. ot single oint Cutting
Orthogonal turning of a metal is performed using single p

tool having rake angle of 10° The Tun'ri-ng n]::EI'flt;f}I;4ﬂ{:}r0£i;‘f§

chip-thickness ratio of 0:2, horizontal cul.tiﬂg. force (Fy) 0 wiris sl

vertical cutting force (Fy) of 2000 N. Determine the shear plan = .

normal force, f';-i{'.t.iﬂn force on rake face and friction angle. |
(a) tﬁmaﬁfﬁnéﬁmmﬁ%mﬂ?ﬁmmqﬂﬁﬁﬁﬂwﬁﬁg

s o e e Ao T A S S T ST F T

# 3w i A & | il 3 wfeed st 3 e 1w A

2 | 38 9w 1 25 feA A Sremn 9 B | o Yavi % A Aiee e

B
25 25
Z X, = 1000, Z R; =250
i=1 =1

(i) X a R= Fem dmd 3 i | |

(ii) 7 7Ed 70 6 sl Frmm o 2 qur wden s w5 o o 2, = J
mﬁmﬁ?ﬁmﬁﬁqﬁ?ﬁmﬁﬁzﬁmmqﬁmﬁm

(iii) 20 f=m dimd 5@ Hifw |

At faqan amoft 59993 % Wy ger §) |
A car servicing company is interested in reducing the waiting time for |
its customers. They select four customers randomly each day and find i
the waiting time for each customer while his/h
these observations, the sample average and
process is repeated for 925 days.
observations are as under :
256

25
Z X, = 1000, Z R; = 250
i1 =1

er car is serviced. From
range are found. This
The summary data for these

-

(i) Find out X and R chart control limits,
XS U-MOHE
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question pa

per)

(iii} Find the 26 control limits.

Assuming that the process is in control and the distribution of

waiting time is normal, find the percentage of customers who will
not have to wait for more than 50 minutes.

(Factors for Computing Centerline and Three-Sigma Control Limits and
Cumulative Standard Normal Distribution table are appended in the

15

Factors for Computing Centerline and Three-Sigma Control Limits
i‘lﬂbnewat?ﬂhﬁ! _ %-Charts . s- Charts R - Charts -[
i Factors for Control Factor for [ : Factors for '
Sample, Limits Ceritirting Factors for Contral Limits e Factors for Control Limits
S A Az A a  Afes | By Be By  Bg | o Vd | & Oy D: Dy D
2 2121 1880 2.659 |0.7979 1.2533 (0.000 3.267 0.000 2,606 [1.128 0.8865 |0.853 0000 3686 0.000 3287
3 1732 1023 1954 |0.8862 1.1284 j0.000 2.568 0.000 2.276 |1.693 05907 |0.888 0000 4358 0000 2574
4 1500 0.729 1.628 |0.9213 1.0854 j0.000 2.266 0.000 2.088 [2.059 0.4857 |0.880 0000 4698 0000 ZIE
5 |1382 0577 1.427 |0.9400 10638 0,000 2.089 0.000 1.964 (2326 0.4299 (0.854 D000 4918 0000 2114
6 1725 0.483 1.287 |0.9515 1.05100.030 1970 0,029 1874 {2534 0.3946 |0.848 0000 5078 0.000 2004
7 1134 0419 1.182 (09594 1.0423|0.118 1882 0.113 1806 [2.704 0.3698 (0833 0204 5204 0075 1324
8 1061 0373 1.099 |0.9650 1.0363 [0.185 1.815 0.179 1.751 {2847 03512 (0.820 0.388 5306 0G.i36 1864
g 1000 0337 1.032 |0.9693 1.0317/0.239 1.761 0.232 1.707 |2.970 0.3367 |0.808 0.547 5393 0.184 1818
1 0949 0308 00975 (09727 102810284 1716 0.276 1.669 3.078 03249 |0.797 0687 5462 0223 1777
11 0.005 0285 0927 [0.9754 1.0252[0.321 1679 0313 1637 |3.173 03152 |0.787 0811 5535 0256 1744
12 0.866 0266 0.886 |0.9776 1.0229[0.354 1646 0346 1610 [3.258 03069 |0.778 0922 5594 0283 1717
13 0832 0249 0.850 |0.9794 1.0210(0.382 1618 0374 1.585 3336 0.7998 |0.770 1.025 5547 0307 1553
14 0802 0235 0817 |0.9810 1.0194 [0.406 1.594 0399 1563 3.407 0.2935 |0.763 1118 5896 0.328 1872
15 0775 0223 0.789 |0.9823 1.0180[0.428 1,572 0421 1534 (3.472 02880 |0.756 1203 5741 0347 1853
%  lozso 0212 0763 [0.9835 10168/0.448 1552 0.440 1526 (3532 02831 |0.750 1282 5782 0363 137
17 u_ug 0203 0.739 |0.9845 1.0157(0.466 1534 0458 1511 3588 02787 0744 1356 5820 0378 1822
18 0707 0194 0,718 |0.9854 1.0148 [0.482 1.518 0475 1.456 3.540 0.2747 0739 1424 5856 0391 1508
19 0688 0187 0698 |0.9862 1.0140/0.497 1.503 0490 1483 3.689 02711 0734 1.487 5251 0403 1557
20 0671 0.180 0.680 [0.9869 1.0133 0510 1.450 0.504 1.470 [3.735 0.2677 |0.729 1545 5571 0415 1585
21 0655 0.173 0663 [0.9876 10126 0523 1.477 0516 1.459 [3.778 0.2647 |0.724 1605 5951 0425 1575
2 loeto 0167 0647 09882 10119/0534 1.466 0528 1448 [3.819 02618 0.720 1658 5979 0434 1566
0626 0162 0633 [0.9887 1.0114 0.545 1.455 0539 1438 |3.858 0.2592 |0.716 1710 6006 0843 1557
0612 __q_ia? 0619 |0:6892 1.0109 [0.555 1.445 0.549 1429 |3.895 0.2567 |0.712 1759 5031 0451 1543
0,600 0153 0606 |0.9896 1.0105[0.565 1.435 0.550 1.420 [3.931 0.2544 [0.708 1806 6056 0455 1541
HXS-U-MOHE u




Ny %, " - x .
Cumulative Standard Normal Distribution

L_fc‘___ 000 | 001 | 002 | 003 | 004 | 005 o6 | oo7 | o008 | 00 |
| 000 | 05000 | 05040 | 0.5080 | 05120 | 05160 | 05199 | 05239 | 05279 | 05319 | 0.5359 |
| 010 | 05398 | 05438 | 05478 | 0.5517 | 05557 | 05596 | 05636 | 05675 | 05714 | 05753
020 | 05793 | 05832 | 05871 | 05910 | 05948 | 05987 | 0.6026 | 06064 | 06103 | 06141
030 06179 | 06217 | 0.6255 | 0.6293 06331 | 06368 | 06406 | 06443 | 0.6480 J eSS
040 | 0.6554 | 0.6591 | 0.6628 | 0.6664 | 06700 | 06736 | 06772 | 06808 | 06844 | 0.6879
0.50 | 06915 | 0.6950 | 0.6985 | 0.7019 | 07054 | 07088 | 07123 | 0.7157 | 07190 | 0.7224
060 | 07257 | 07201 [ 07324 | 07357 | 07389 | 07422 | 07458 | 07486 | 07517 | 0.7549 |
0.70 | 07580 | 07611 | 0.7642 | 0.7673 | 0.7704 | 0.7734 | 07764 | 0.7794 | 0.7823 | 0.7852
080 | 07881 | 07910 | 07939 | 07967 | 07995 | 08023 | 0.8051 | 0078 | 0.8106 | 08133
090 | 08159 | 08186 | 0.8212 | 08238 | 08264 | 08289 | 08315 | 08340 | 0.8365 | 0.8389
100 | 08413 | 08438 | 0.8461 | 0.8485 | 08508 | 0.8531 | 0.8554 | 0.8577 | 0.8599 | 0.8621
110 | 0.8643 | 08665 | 08686 | 0.8708 | 0.8720 | 0.8749 | 0.8770 | 0.8790 | 0.8810 | 0.8830
120 | 0.8849 | 08869 | 08888 | 0.8907 | 08925 | 0.8944 | 0.8962 | 0.8980 | 0.8997 | 0.9015
130 | 09032 | 09049 | 0.9066 | 09082 | 09098 | 09115 | 09131 | 09147 | 09162 | 0.9177
140 | 09192 | 09207 | 09222 | 09236 | 09251 | 09265 | 09279 | 05292 | 09306 | 0.9319
150 | 09332 | 09345 | 09357 | 09370 | 09382 | 09394 | 09406 | 0.9418 | 0.9429 | 0.9441
160 | 09452 | 09463 | 09474 | 0.9484 | 09495 | 09505 | 09515 | 09525 | 09535 | 09545
170 | 09554 | 09564 | 0:9573 | 0.9582 | 0.9591 | 0.9599 | 0,9608 | 0.9616 | 0.9625 | 0.9633
180 | 09641 | 09649 | 0.9656 | 0.9664 | 0.9671 | 0.9678 | 0.9686 | 0.9653 | 0.9699 | 0.9706
190 | 09713 | 09719 | 09726 | 09732 | 09738 | 09744 | 09750 | 09756 | 09761 | 0.9767
200 | 09772 | 08778 | 09783 | 09788 | 09793 | 0.9798 | 0803 | 09808 | 0.9812 | 0.9817
210 | 09821 | 09826 | 09830 | 09834 | 09838 | 09842 | 09846 | 09850 | 0.9854 | 0.9857
220 | 09861 | 09864 | 09868 | 09871 | 09875 | 09878 | 0.9881 | 09884 | 09887 | 0.9890
230 | 09833 | 09896 | 09898 | 09901 | 09904 | 0.9906 | 0:9%09 | 09911 | 0.9913 | 0.9916
240 | 09918 | 09920 | 09922 | 09925 | 09927 | 09929 | 09931 | 09932 | 0.9938 | poosp |
250 | 09938 | 0.9940 | 09941 | 0.9943 | 0.9945 | 09946 | 09948 | 09949 | 09951 | pgoss |
260 | 09953 | 09955 | 09956 | 0.9957 | 09959 | 0.9960 | 09961 | 0.9962 963
270 | 09965 | 0.9966 | 09967 | 0.9968 | 09969 | 0.9970 | 09971 | 0.9972 |
280 | 09974 | 0.9975 | 09976 | 0.9977 | 09977 | 09978 | 0.9979 | 0.9979
290 | 09981 | 09982 | 0.9982 | 0.9983 | 09984 | 09984 | 0.9985 | 0.9985
3.00 | 03987 | 0.9987 | 09987 | 0.9988 | 0.9988 | 09989 | 0.9989 | 0.9989

(h)

7 frepm forw s @ @ & 2 ofin Freerl & @ 2 ol e 3
ardi @ Sfawi 1 f fewm Fifso |

How do lean systems function ? What are the characteristics of lean
systems ? Also, discuss the benefits and risks of lean systems.

HXS--MCHE

15




() Ecdl 3 WIEH # "ol d, 4 gueie =egt & d" us 99el 98 % BiEd &
feu afd g8 A W o a1 Fi a9 #) T F4 F o A e
HIf | 39 = e w0 % A e 7 qEmed o wEE |
In a case of open die forging, derive the expression for determining

forging force per unit length for forging a flat strip between two parallel

dies. Also, state the assumptions made while deriving the above

mentioned expression. 20
Q§ (a) Rt ECM warm o i T fagd 9 = 1800 amps @47 dfeedl = 12 volts
J 2, H FEIE 1 Oy FH-8 2000 mm?2 ® | frw wered @1 e S R, 9w
Frber (@ = 2) 2, Pt fafie guasr @ 342 % 102 mmYAss
2

() AfE WA 90% = B, @l mmYminute § 9Tq gy S I i |

(i) afe someiemee 6 ufaigsar 140 ohm-mm 2, & FEwd i 3@
$ifsu |

The frontal working area of the electrode is 2000 mm? in a certain ECM

operation in which the applied current = 1800 amps and the

voltage = 12 volts. The material being cut is nickel (Valency = 2), whose
specific removal rate is 342 x 1072 mm¥/A-s,

(i) If the process is 90% efficient, determine the rate of material

removal in mm>/minute.

(ii) If the resistivity of the electrolyte is 140 ohm-mm, determine the

working gap. 15




b)  waeh sww fawm o e o fo e 2 |wﬁm_ﬁ“ﬁi@:‘
q 311 9 Ty & offa & e 2 ) wm @R & GHT‘?T.WE—WE?? 1 :
ahxmwﬁa%qmr%ﬁmﬁ;mmﬂunﬁmfawm!@ (2, 3, 4, B,
7,8,9) % Ak 23 6 B T warRa o & | Frwdl FA ftad AN

YR sgHT=a/gae HeeEd 8

e[ e | |
q - ETTLH@J__?E:T !
2 6 dh 200 50
3#6'&33 300 50
49 6T 400 50
® €) @ sacmm Sie.
QG ﬁ%ﬂa @ 78 6d% 600 50
® 8 6 00 | 50
9H 6 qH 800 | 50
10¥ 6 % 900 50
6% 1d% 4400 i

mﬁq%qmmﬁmqﬁtm}wﬂmwﬁm?nﬁ%lwﬁ 1
Jerad i e A arra 1 i |




The layout of material storage section is given below. The material flow
occurs between packing area (No. 6) and other 9 sections/areas. Loads
are moved from packing area 6 to shipping/receiving area 1, while all
other loads move from different sections/areas (2, 3,4,5, 7 8 9 to
packing area No. 6. Average annual load movement/flow to/from sections
is as under :

—

. il Average - Distance
| i Annual | Covered
From —To
o Load (No.) (m)
2to06 200 ol
3106 300 | 50
4106 400 50

@ ©) @ d" 5t06 500 50
Packing area

0 o

. ® 8 to 6 700 50

&

Ttob 600 50

9to 6 500 50
10 to 6 900 50
6tol 4400 100

Assume cost of moving a load by unit distance (m) is ¥ 1/m. Determine
the annual total cost of material handling, 15

(¢) NCHHH & g § Frderes yoreft’ 9 e Frazor’ 1 =men i |

Explain ‘Coordinate system’ and ‘Motion control’ with reference to
NC machines. 20
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