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CIVIL SERVICES (MAINJEXAM- 2023

SKYC-U-MCHE
Jifes st / MECHANICAL ENGINEERING
T94-9A 1/ Paper 1.

Raffa @77 : T =2 SfferEaq 3% : 250
Time Allowed : Three Hours Maximum Marks : 250
9O Traet favre srgem

FYIT TF1 & I 37 @ G [AE1c71aa T S35 &l g UG :

594 318 77 & 1 gt @vel 4 favifaa & aer i@t sk sidsht @i A 59 g E |

T8 1 FoT g Fv F IR G7 8 |

97 &g 1 3R 5 Hard & aor a1t 399 4 @ J9% @8 § F9-8-F9 Uk J97 GT I8 a7 Je71 & I Gy |
% F9T/91T % 3% IqF qrH R T § )

ol & IR I Fifpa gy G forg TR ifey AT Ig@ aves Yav-u7 7 1391 T 8, SR 5 AT F TR
IPG J97-TE-I (F.1.T.) Yl & §@-3 W Al & T 631 ST F0zT | Fifeswa areqq & sfake 59
& aregm 4 forg 1w 3 W HIE 3% 787 WA |

97 T I 37 @ 1070 I3 FIF T@IRUTE 7975 7TF 71, 71 I T &9 & FHigee Fg |

gl HEVTE &, FRG] q [TAIHGI Hl, J FT I 57 & 1070 17T 7T €17 F & 7159 /

TG % IPId 7 &, T a9 VGTaA Jeleid qAF YT § JTF 8 |

Yol & IRl 1 TIAT FHFAR B AN | Ie FET T 8, @ FH & It} B TUHT F) T T8 TE IR FI: 1797 T
& | JoT-TE-FR (7. 91.T.) JrawT & @Ichl DI 5T 3 I I ¥ F T &7 & HIeT TAT TRy |

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 § 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
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Q1.

(a)

(b)

(c)

@ A
SECTION A

T U ATET o Fah I fHeh1 R W 21 591 r 8, h 396 & 709 W
Tah & g i A FEfE dfaw w1 P § i s 2 | fag fifve fF P

2
W'Vfihh‘h 3 ey aif 2 |

A heavy carriage wheel of weight W, and radius r is to be dragged over
an obstacle of height h by a horizontal force P applied to the centre of

.y2rh — h?
the wheel. Show that P is slightly greater than w \/;h— .
Tr—

T Mo T TH Sisheht ol B T8 W 70 mm, 80 mm T 50 mm B ght
W 6 kg, 5 kg 41 4 kg & o ZAAH HEA: 45°, 135° AAT 240° HIU
feufernt w8 | it feafemt x-s1e 1 fen & e e @ amred e § =t
T 2 | Wfaes dgeH % T savEs 85 mm Brea gt W wfagemm Y o
Hifo |

A disc mounted on a shaft is having three masses of 6 kg, 5 kg and 4 kg,
which are attached at a radial distance of 70 mm, 80 mm and 50 mm at
the angular positions of 45°, 135° and 240° respectively. The angular
positions are measured counter-clockwise from the reference line along
the x-axis. Calculate the amount of countermass at the radial distance of
85 mm required for the static balance.

T TR 8 S fh 25 m/s & AT A TH AT hl Tag d SW A @ 7, Th
TeeR e foam Sren @ i Bt Y o1 5 Sehve % W1E G ol @ |
1 97 340 m/s THA §C AR Hl HaTS 39 WY FQ HITC e ek Y e
AT 2 |

From a balloon ascending with a velocity of 25 m/s above the surface of a
lake, a stone is let fall and the sound of the splash is heard 5 seconds
later. Find the height of the balloon when the stone was dropped,
assuming that the velocity of sound is 340 m/s.
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(d) uHEvd T Uk #1 R HEE ® ? FCC fohed Ttam 1 wmer fsh
U ST T |

What is the importance of the atomic packing factor ? Compute the
atomic packing factor for the FCC crystal structure. 10

() TH 2:0cm M H 1.5 m o AR & G0 1 o=l S3fom § w@n S 2 |
R & g W @ v afshrdr &1 IR 20 kg 2 | IR TM9e & verd 1
IR HTYT 2 x 106 kg/em? &, @ W9 i shifdes Tfd =6 Ifd fiFe o
giefad HifvT |

A 1-5 m long shaft having diameter 2:0 cm is held at the ends by long
bearings. The weight of a disc at the centre of the shaft is 20 kg. If the
modulus of elasticity of the material of shaft is 2 x 106 kg/cm?, then

calculate the critical speed of the shaft in cycles per minute. 10

Q2. (a) T 2(a) H, AB @ g 88 g, CE, 20 mm W &l W@ 6l B qUl
DF, 20 mm =919 & dfa &l o8 8 | 92 B A f&S 8 991 30 kN 1 T 94X
Wdd B B W o @I 2, d $91d 3R dfe hl Bl 1 Uided a1 A |

hafsean ma I |
feam ™ 2 ¢ Eq = 200 GN/m2 @21 E, = 100 GN/m2

uyn E
T 30 kN
lmwmﬁgg
5 l C D
B
fe—T1 m—>«¢ 2m a't—lm——»

=7 2(a)
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(b)

(c)

In Figure 2(a), AB is a rigid bar, CE is a steel rod of 20 mm diameter
and DF is a copper rod of 20 mm diameter. If the end A is hinged and a
load of 30 kN acts at the free end B, find the stresses in the steel and
copper rods and the reaction at A.

Given : E; = 200 GN/m?2 and E_ = 100 GN/m? 20
upn B
T 30 kN
1 L— Steel rod

m

| |o N
A° B

f—1lm—e—2m 1m —y
1m

«— Copper rod

i F
Figure 2(a)

T UL TR I T 41 H a1 350 mm & | Freeht yomd gui are
25 mm H g W &G § G 8 a0 FH A0 P I W gy |
fa W 250 N &1 91 8 q91 T g &1 999 25 N 2 | I gt 1 ool
=1 225 rpm W 125 mm &, 91 FefaRaa =1 gftewfaa Sifsm .

() TR v 59 w=ha 55 mm I3 W B
(i) S
(iii) e &1 9fE

The length of each arm of a Porter governor is 350 mm. The lower arms

are attached to a sleeve at a distance of 25 mm from the axis and the
upper arms are pivoted on the axis of rotation. The load on the sleeve is

250 N and the weight of each ball is 25 N. If the radius of rotation of the
balls is 125 mm at a speed of 225 rpm, then calculate the following : 20
(i) Speed of governor after the sleeve has lifted 55 mm

(i) Effort

(iii) Power of the governor

<z Tagarg & sgaEa ITER B9 % fiF wren f faae e aon e
Tagrarg & & @eon i off faasm Sifsie St sah swnfia s difa =@ g
Discuss three reasons why ferrous alloys are used so extensively and
also discuss three characteristics of ferrous alloys that limit their
utilization. 10

—
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Q3. (a) T 3(a) o wft Truhiy waal &1 o¥v UM 0-2 B | FA1 25 kg 1 &A, TH
A N SR I TE R HUM, Ggod ¥ T, I I8 301 ST & 6 A =l F=
M { A B H @ I A TE Uk TN 2 25 kg H TA [eh b HATA T
o @1 & e 6 79 39 gHen %1 gade™ 7 T § |

06m —
A
A
A
A
g
; A
/ o
; 15
/] /
; 100 kg B
; e 25 kp
;/ 50 kg
A
%

J77777777777777 7777777777777/

The coefficient of friction for all contacting surfaces in Figure 3(a) is
0-2. Does the 25 kg force move the block A up, hold it in equilibrium, or
is it too small to prevent A from coming down and B from moving out ?
The 25 kg force is exerted at the mid-plane of the block so that we can
consider this a coplanar problem. 20

0-6 m —

15°

100 k/ B
l———25 kg

e 50 kg

/7777777777777 7777777777777/

NOUONONUONONONONONNNONNNNNNNANANN

0-6 m
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(b) aeitd st 1 g TH WG T & T fog W Higg B | wfdwelt v afmm
qun feumd o= 3(b) § w Wfoeet 7w W gwiw W R | 39 99 W ufaEs #i
uRepfora i St T 58 o/ +1 15° % *v1 grr g 1 fen o g ww
frm A

4 Py= 20 N/mm?

qb— 1

P, = 80 N/mm?

7 q=30N/mm?

Jl P2
1= 3(b)
A plane stress condition exists at a point in a loaded structure. The

stresses have the magnitude and directions shown on the stress element
of Figure 3(b). Calculate the stress acting on the planes obtained by

rotating the element clockwise through an angle of 15°. 20
4 Py=20 N/mm?
qb—mo— 1
P, = 80 N/mm?
Py

7 q=30 N/mm?

VP,

TV onsaan O/L )
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(©) ggzq,émwnﬁmﬁzﬁammwaiﬁ%gﬁﬁﬁéw
|

Discuss microstructure and mechanical properties of pearlite, bainite
and martensite. 10

Q4. (a) o Fqdferd R (W ®) &1 g« H0 20° T TAEF (ATSE) 6 mm 2 |
ot w et < g 28 dun o R W 52 2 7 |
ﬁﬁ%@ﬁﬁmm:

(i) H9Yh U
(i) firr ufed o fafeem =1 fpan =ior
(iii) TYUr 7 3R AfewT A 1 U
(I) ¥uh % IO H,
1) f=fgw,
(II1) 9 <ht FHIe W |
fafrem iR firer =il W wEe U T (Wised) % Set 7 S |

Two involute gears in mesh have pressure angle of 20° and module of

6 mm. The number of teeth on pinion is 28 and the larger gear has

52 teeth.

Calculate the following : 20

(i) Contact ratio
(i) Angle of action of gear wheel and pinion
(ii1) Ratio of sliding velocity to rolling velocity at
(I) Starting of contact,
(II) Pitch point,
(III) End of contact.

Consider the addenda on pinion and gear wheel as equal to one

module.

Download FREE UPSC E-BOOKS _ &



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

CGet Printed Study Notes for UPSC Exam - https://iasexanportal.com notes
(b) U TG % 3 Iq WH W 12 kNm I 5o 30 3 16 kNm 1 UaT
AU TR S0 2 | Th A -3 - vl § 39 uered s s
forg wfdeiet 300 N/mm? 9T TR | Gt Ui I 2 WA BT 39 adel W9 6
FAH AR AE H AheH (i) AfUhad ¥ Uidwe fagm, qen
(i) Srferehem sroEqur Sfdee fagia =1 & #d g hIf |

A solid circular shaft made of steel is subjected to a bending moment of
12 kNm and a twisting moment of 16 kNm. In a simple uniaxial tensile
test of the same material it gave the stress at yield point = 300 N/mm?.
Assuming factor of safety = 2, estimate the minimum diameter required
for the circular shaft using (i) Maximum Principal Stress theory, and
(i) Maximum Shear Stress theory. 20

(c) Trafafes w dfam fewfimt fafau .
gfeent-Rreg
(i) e
Write short notes on the following : 10
(i) Ceramics

(i1) Nano-materials
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wug B
SECTION B
Q5. (a) Togd-omues % w9 ¥ Hifsan aeiss faerM 1 379 Hid g TH dle
Tag ! Tagm-vemtie wsfima gfen 6 78 e Freafafed Seor am -
ﬁrga-amaa =1 fafsre afeie = 5 Q cm (ohm-cm)
dieed Mmyfd = 15 V fose am
e 1 a8 F1 ITIEY-HIE A% = 20 mm x 20 mm
3TN 3R FRIES & &= H1 J@A = 0-3 mm
A ¥ foru frefafaa stfwst o w=m Hife -
ARSIl = 2, THIY ¥R = 55-85, G941 9+ = 7860 kg/m3
a1 1 2@l 1 100% a1 B2 R = 96540 FaA™ WA |
I faga-uarfie aufi iR # uered-guedentor g aur Soidgis TR &
=i o IR |
In an electrochemical machining process of an iron surface using sodium
chloride solution as electrolyte, following observations were made :
Specific resistance of the electrolyte = 5 Q cm (ohm-cm)
Supply voltage = 15 VDC
Cross-sectional area of iron surface = 20 mm x 20 mm
Gap between the tool and workpiece = 0-3 mm
Use the following data for iron :
Valency = 2, Atomic weight = 55-85, and Density = 7860 kg/m3
Consider the current efficiency as 100% and Faraday’s
constant = 96540 Coulombs.
Calculate the material removal rate and electrode feed rate in the above

mentioned electrochemical machining process. 10

b) TH 2 x 10° W/mm?2 iw-gHar i oor fRuge ws Smdi-samm (e
W) # =9t | et R | 3 et 10% fRogs 6 wfe @it g 8,
@ 7@ Fa Hifvw fr SR -3EE H gag e g R T W9
St |
Frafafea = w@m fifvw
FS1 IeARaT = 0-27 W/em-°C
e fafdme s = 3-36 J/em3-°C

= = =t 14EFON

<
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A laser beam with power intensity of 2 x 10° W/mm? falls on a stainless
steel sheet. Find out the time required for the stainless steel surface to
reach melting temperature, assuming that only 10% of the beam power
is absorbed. 10
Use : Thermal conductivity = 0-27 W/em-°C

Volume specific heat = 3-36 J/cm3-°C

Melting point temperature = 1455°C

(c)  rgwgar <l fafie wmrdi 3t TR-srgeaa 1 arrl W foem w5 gu @ 3ik
TUTET o e reer-seet (gfawn) i faaem Hif |
Discuss the trade-off between cost and quality considering various costs

of conformance and costs of non-conformance. 10

d & Fm X ot T wheeht @ i efieer = W R | a8 oA
50 1S Teh U H IcdTied HUN | 350 &, THT a9 qEaadl i Fr=ifed

arferes o fe@mrn w2 -
Eap] dTcehTcreh qaadi | i 1 T (HHUS)
A - 55
B A 30
C A 292
D B 35
E B, C 50
F C 15
G F 5
H G 10

(i) Yea% ImE difdu |

(i) NG 50 IHIE /G2 F1 T THY TR HIRT |

(i) HRE-RIA FI gifas T&n 7 FIfT g FE-RIHE | F@ w1 ffde
HINT | o1 319 Hgifass =Faw @ 3ifies HE-RIA H1 ST Hh W
T T & 2

(iv) e i 28T ug Sod fedt 3a Hifse |
(o8 o g9 faft =1 39 Hifyo)
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The corporation X’ is designing its new assembly line. The line will
produce 50 units per hour. The tasks, their times, and their predecessors
are shown in the following table :

Task Immediate Predecessor Task Time (sec.)
A - 55
B A 30
C A 22
D B 35
E B,C 50
F C 15
G F 5
H G 10

(i) Draw the network diagram.
(ii)) Compute the cycle time with a desired output of 50 units/hour.

(iii) Compute the theoretical number of work-stations and assign the
task on the work-stations. Did you end up using more work-stations
than the theoretical minimum ?

(iv) Compute the efficiency and balance delay of the line.
(Use longest time method) 10

(e) B IgHIG L g¢ o Ay =it fafy & s¢ @ 2, fou u arissi
W I H DS A6 H YAITHAE 1 6 fore wmmsrmr faveor Hife |
(y=aebx;aﬁa3ﬂlbf@1ﬁ$§,xaﬁﬁmw y‘@iﬂ'ﬁfﬁﬂﬂ’h%)

auEi hr e | 1 2 3 4 5

T (3H13A1) | 40 | 60 | 200 | 700 | 1000

On the given data, perform regression analysis to forecast the demand
for the 6th year, considering that the demand is increasing approximately
exponentially. 10
(y = aebX; where a and b are constants, x is the number of the year and

y is forecasted demand)

No. of the year 1 - 3 4 5

Demand (units) 700 | 1000
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g @Ue T3 W @ faftm %@ geret X 3t Y & asfiaa & e feifea

Q6. (a)

(b)

e S -
Had ISR 3 EXCRIIC]
FT e (frre) (st /fire)
20 125
a 15 150
45 250
= 25 300

afg w gged X 7 wered ?, @ SAWR B 3w H 50 fie smuR W g
araféres wefiTa-gentar s i |

Following data were observed while machining two different work
materials X and Y using a centre lathe machine :

Work Material Cutting fl‘ool Life | Cutting Speed
(min.) (m/min.)
20 125
A 15 150
45 250
& 25 300

If work material X is standard material, then determine the relative
machinability considering the tool life of 50 minutes as criterion. 20

o Hcahi &1 THAY T a1 Fra fafy freifea afoe @ g gu @ 1 =

oS o W P T0% & g (STHE) fen o R

(i) Y& 3N UgA Uil (FCFS)
(ii) “ee-8-Seg f¥a fafy (EDD)
(iii) =Fa9 If¥eT (SLACK)

(iv) =[Ad9 IshHYU EHI (SPT)

MY gRT 3 IR H | -9 v Faw i fawriar i smef 2

Fash | weeau T (feAi #) | fra fafy (fi )
A 5 10
B 10 15
C 2 5
D 8 12
E 6
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(c)

The work processing time and due date of five jobs are given in the

following table. These five jobs are to be sequenced as per :
(i) First Come First Serve (FCFS)

(i) Earliest Due Date (EDD)

(iti)) Minimum Slack (SLACK)

(iv) Shortest Processing Time (SPT)

Which sequencing rule among these four rules will be recommended by
you ? 20

Jobs Processing Time (days) | Due Date (days)
A 5 10
B 10 15
C 2 5
D 8 12
E 6 8

Teh ! 99 9T B | 99 S AT Y AT I TR R
grft AP @ T 1000/318
gfteh @ : T 500/3H18
giadsiier 3uk e : #ftes i ammft v #1 50%

Ife 49 s i FRR @ T 10,00,000 B 7 faska g (S), S = 4D, (SR
D |7 31§ & 9 §) % I’IET F6d @l 7, A Aeh-3a4 (-3 g
Tge & e Foft w1 et sepreat st Bl 2
A company is producing pumps. The cost of the structure of a pump is as
under :

Material cost : ¥ 1000/unit

Labour cost : T 500/unit

Variable cost overheads : 50% of labour and material cost
If the fixed cost for the production of pumps amounts to ¥ 10,00,000 and
selling price (S) varies as S = 4D2 where D is demand in units, how many
items will the company have to sell to reach break-even point ?
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Q1. () ) T 726 o =¥, wm i =@ fearn mn ? fad @ =@ & w80 w
2 | 9 I BE FHIW A H, WHG Yfed 140 kN/mm2, T a9
T 1 ] IO 0-15 WA §U, AwIH HYU ArS (I) q°1 A hl
vifth sTa HIfST Sefer 2@ 1 0-50 nv/s it Tfd & oo R s @1 # |

¢ 18 mm |

<=

(a5t famrd ‘T 3 &)
e 7(a)(i)
A tube is to be drawn as per the dimensions given in the following
Figure 7(a)(i) showing die, plug and tube. Assuming the metal in
work hardened condition with yield stress 1-40 kN/mm?, coefficient
of friction for die as well as for plug is 0-15, calculate the drawing
load and power of the motor required for drawing the tube with the
speed of drawing 0-50 m/s. 10

¢ 18 mmn |

<=

(All dimensions are in ‘mm’)
| RSP, J R VA
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(i) TdE U i @ fufa wa amifea fifvw afe wfm =1 o
fafem on, 7 H TR 30 mm, R (}) N e 9@ F dwaq,
A 92 2 mm, GE@UH R, = 6:3 um 2 | FHIfRd 20 mm &&s F
T (R 7(a))} F TaE QR o T fed qon @ e e

AT ot T HifT |
nm /70 75 30
T 65 50
3|5 20 4|O
1 2 3 4 5 6 7 8
< 20 mm >
1= 7(a)(it)

Draw and label the surface roughness symbol, if the method of
machining was milling, sample length 3-0 mm, direction of lay is
perpendicular to the surface, machining allowance is 2 mm with
roughness R, as 6-3 um. Also, calculate the centre line average and

root mean square values of surface roughness for the following
measurements {figure 7(a)(ii)} taken over a sample length of

20 mm. 10
nm /70 75 30
[ 65 1
315 20 4|O
1 2 3 4 5 6 7 8
< 20 mm >

Figure 7(a)(it)
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(b) T GHMCR gRI THM! hi TG 3 fashi 1 Frferfea smeed § w2 -
f¥s | : 8000 AT
Y AT : T 180/
R AR TRl 6 AR 1 10%
THMER I TN Ale |5 & forg Freferfaa wema fog T # -

SICR:IES | THTS AT ()
1-999 22-00
1000 — 1499 20-00
1500 — 1999 19-:00
2000 3T 369 IAfrw 18-50

firderefl ST A T ITAN A §U SAA-IATH TG hl gl h SAi=
HIfT qen qaEr wdl i F a1 ATl ! GAAT HIT |

The following information is given for the items procured and sold by a

shopkeeper :
Annual Demand : 8000 units
Ordering Cost : < 180/order
Holding Cost : 10% of the item cost
Following offers are given to the shopkeeper for different lot sizes :
Lot Size Unit Price (3)
1-999 22-00
1000 — 1499 20-00
1500 — 1999 19:00
2000 and above 18-50
Check the feasibility of different offers using Economic Order Quantity
and compare the total annual costs of the feasible offers. 20

() TVIEE 9Tt el % ke, fmin ofv faawor & wem | wewl H wgfee
# gur % fou o oren yeeA i wiE fasivard #@ 8 2

What are the key features of Total Quality Management to improve
customer satisfaction through design, manufacture and delivery of
quality products ? 10
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Q8. (a) Trafafaa sifwe fisa 10 el & & S ws wroft i @ afpsti A 3tk B
GRI 50 FeRTs Tt Scatiea Feft shegex (f.wft.) & Frteror 3 afomt =6 gwia

g
Sr— gfseam A gk B
-ITTETH THEAT hl T&T | T-ATETSH FhIEA H1 T
1 5 8
2 6 7
3 7 8
4 5 9
5 4 10
6 6 11
7 5 15
8 7 8
9 9 9
10 6 7

gl gfskment A 3R B % fou srem-stem femon diar uiefora Hifve qon ==
ot 2Rau for = foreft wfsran <1 fosror i & seema I =@ 2

FA 77 ot g wA R 6 Ser-a-same 50 sefed @, § 5 RsrETs @
Thd 8 | Z-3TTeeT H ITM Fd gC TAH Tk % o wlemewn e Hifg
T8 WA H % o T wrft gra gqrn i 7€ 31 ket & fow @ @t &
&l | (I T arfetsrt s e Hife)
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The following data represents the results of inspecting 50 units/day of

personal computers produced by two processes A and B of a company for

the past ten days.
Sample No. Process A . . Process B . .
No. of Non-Conforming Units | No. of Non-Conforming Units
1 5 8
2 6 7
3 7 8
4 5 9
5 4 10
6 6 11
7 5 15
8 T 8
9 9 9
10 6 7

Calculate control limits for both the processes A and B separately and
also see if there is need for revision of control limits in any of the
processes.

The company claims that 5 PCs may be non-conforming at most out of

50 produced. Perform hypothesis tests for each process using
Z-distribution to determine whether the claim of the company is valid

for both or not. 20
(Use Normal Distribution table)

& Download FREE UPSC E-BOOKS =



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

CGet Printed Study Notes for UPSC Exam - https://iasexanportal .conl notes

AREAS UNDER THE STANDARD
NORMAL PROBABILITY DISTRIBUTION

0 Z
Values in the table represent the proportion of area under the normal curve between the
mean (u = 0) and a positive value of z.

¥ .00 .01 .02 .03 .04 .05 .06 .07 .08 H9

0.0| 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2| 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
0.3] 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
04| 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879

0.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6] 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0.2703 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9] 03159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389

1.0| 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
1.1 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
12| 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
13| 04032 0.4049 0.4066 0.4082 04099 04115 04131 0.4147 04162 0.4177
14| 04192 0.4207 04222 04236 04251 0.4265 0.4279 0.4292 0.4306 0.4319

15| 04332 0.4345 04357 04370 04382 04394 0.4406 04418 04429 04441
1.6| 04452 0.4463 04474 04484 04495 04505 04515 0.4525 04535 0.4545
1.7| 04554 0.4564 0.4573 0.4582 04591 04599 04608 0.4616 04625 0.4633
1.8| 04641 0.4649 04656 0.4664 04671 04678 0.4686 0.4693 0.4699 0.4706
19| 04713 04719 0.4726 04732 04738 04744 04750 04756 04761 0.4767

2.0| 04772 0.4778 04783 04788 04793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1| 0.4821 04826 04830 04834 0.4838 04842 04846 0.4850 0.4854 0.4857
22| 04861 0.4864 04868 04871 04875 0.4878 0.4881 04884 0.4887 0.4890
23| 04893 0.4896 04898 04901 04904 0.4906 0.4909 04911 0.4913 0.4916
24| 04918 04920 04922 04925 0.4927 04929 04931 0.4932 0.4934 0.4936

25] 04938 0.4940 0.4941 04943 04945 04946 04948 0.4949 04951 0.4952
2.6| 04953 0.4955 0.4956 0.4957 04959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7|1 04965 0.4966 04967 04968 04969 04970 0.4971 04972 04973 0.4974
2.8| 04974 04975 04976 04977 04977 04978 04979 04979 0.4980 0.4981
2.9] 04981 0.4982 04982 04983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986

0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990
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(b)

eI e T 1 AR B B A SAifereh s 3aw § HSS &
e @ forn w2 fomree Afa o 120 7

T % 2 Frefafaa sifwst =t aifteraeg fren -
T FT T SHEATER TH = 1600 N

T 9 I &fasl T9eh = 1250 N

Fiem 61 TR F IHIE = 0-25

I Wi SraEen % foe frefafaa #t s il
() Afa () a1 F Traq HRG g9

Gi) ¥fa () 70 H fean & oo 5@

(i) RO A S

(iv) S a1 VR % aHAsS H HY0 O

(v) 3969V qd & oieedd HRRd ad

(vi) STV T o G IEIV qA

A medium carbon steel cylindrical rod is being machined under
orthogonal cutting condition with an HSS cutting tool having rake angle
as 12°.

While machining, following data were recorded :

Vertical component of cutting force = 1600 N

Horizontal component of cutting force = 1250 N

Chip thickness ratio = 0-25

Calculate the following for the above mentioned machining condition : 20
(i) Normal force on the rake face

(i) Friction force along the rake face

(iii)) Resultant cutting force

(iv) Coefficient of friction at chip tool interface

(v) Normal force on the shear plane

Download FREE UPSC E-BOOKS _ @



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

CGet Printed Study Notes for UPSC Exam - https://iasexanportal.conl notes

(¢ U fafmio St FRERIF A, B, C 991 D ! 30 @& Fafedd &1 9mEdt 3
fSe@ a1 sfafdvra gw @ w9 8 ST | JEE S gar SR de
HE-TIH HT GTehT 1= g9 TR

A | B|C|D

A | - | 400 | 500 | 50

B [300| - |20/ 0

cC | o 0 | - | 700

D| o0 | 0| 0| -
HHHEI 1 FR-EIE & = JaT

A B C D

|30m | 30 m |30m |
HIS[E @ gRAl o |1y
T @Rt 1 gema A |
A manufacturing company wants to arrange work-centres A, B, C and D,
so as to minimize inter-departmental parts handling costs. The flow of
parts and existing work-centres layout are shown below :

A B C D
A - 400 | 500 | 50
B 300 - 200 0
C 0 0 - 700
D 0 0 0 -

Parts moved between work-centres

A B C D

|30m | 30 m |30m |
Existing layout with distances

Snoonaet a madifiad lavant 1N
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