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01(a).

So™

A uniform rod AB of mass 2 kg is hinged at one end A. The rod is kept in the horizontal
position by a massless string tied to point B. Find the reaction of the hinge (in N) on end
A of the rod at the instant when string is cut (g = 10 m/s?).

String

A], SR L e AN R ST TR R ) B

A (12 M)

FB® of wod ‘AB’ at te instant

the Sﬁviva s cutt  is dwawn below
B

1

A
&-—-—f 1
TK{I ~l/ma |
whete Ry A Ry axe hmae Feactions Gﬂorg
X and Y 'Kegracﬂmaj
Twansfatioral egquation of Cent e 0{ mass
65\/13, ma-—ﬁa = MX Qe == —— 0)

Whet, Qe py = accelesation of Cenfse 6f‘

mass

Takina 'T'ochue_ about A

-
-
—

Tg= max_%_ =T x e m e =~

tohese P [ = ﬂefnaﬁ'k c.f 2od |
Ta= moment of inestia of wod aboutn
X = @r\aUQM acce legabion o’f w]

Tqz mb-
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01(b).

Fsom (fl ,Qu’) ond &ii(l Wwe 3&“' @z‘:ﬂ'ﬁﬁasjv

Also, just affes the Sﬁaira is Cuﬁ" W =0

B
= Rg= ML =0
2

so, net geaction ol  fhe hine = 5N

{

Assume that the normal strains €, and €y for an element in plane stress as shown in the
figure below are measured with strain gages.

(i) Obtain a formula for the normal strain €, in the z-direction in terms of €, €,, and
Poisson’s ratio 1 .
(if) Obtain a formula for the dilatation e in terms of &y, &, and Poisson’s ratio p.
(6 +6=12M)

Given data :
Stsain in K- diveckion = E4

stvain An Y- disection zga

poigsons  gatio = "4

(i) Nosmal  Slsaan in Z——cali*rgch'on is 3Wm by,
E,= Oz

z - (S tsy )

.
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whete 6,= 0O
- E .
__j.,l (eﬂf}lea}

o’a :_f__(aahuaﬁj
(- p*

E |lI-m |-

(i) Dix Dilotation is given by,

2o By = (__—)u-"z' (0} ‘("6‘3 t62)
v

= l-2p | _E (& THey | £ E (8 rug)to
E |- | =
T L [eer meg ey e nc ]
[~
= 2B (i) (e ety |
| —A*

= _g[_._—-(én‘rufﬁ) E (€ +u] ]

]
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01(c).

So”

A steam engine cylinder has an effective diameter of 250 mm. It is subjected to a
maximum steam pressure of 1.5 MPa. The cylinder cover is fixed to the cylinder flange
by means of 12 studs as shown in figure. The pitch circle diameter of the studs is 400 mm.
The permissible tensile stress in the studs is limited to 30 N/mm?.

Cylinder || Flange

(i) Determine the nominal diameter 'd' of the studs if core diameter, d. = 0.84d.

(ii) Calculate the circumferential pitch of the studs. 8+4=12M)
Gliven data
D= 250 mm F=1-5Mpa,
n= (2 / dF:A}—oomm j .S’JQ. :30[‘1@

(i) The Af—"c-s(_e exested on the fﬂwﬂe S
3.’% le
F= XA = |- 5%

2

B xp
4=
= I'SXA x@s0)" = 73£31-08 N
4
Now,  fhis force  is  Susisted bd
ﬂo/rﬂ._ Which s -F:‘chl o A ShdS»
Thes, — _F = Sip
g@QlLKh 2263 J
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i 2363[ 3 _ daz
[24 TN X %
=

S e = 614 o
Given thet  d.—o&4 d
= 4=l

a———

ats
0'8 4

(] Circomfesentiat  pidch,

©F wmap
N

t= NKF90 = [o4+T]2
1%

= |19-21 mm = Z2amm
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01(d).

SoL”

The thin-walled cylinder can be supported in one of two ways as shown in the figure
below.
) (1)

The wall has a thickness of 7 mm, and the inner diameter of the cylinder is 200 mm.
Determine the state of stress in the wall of the cylinder for both cases if the piston 'A'’
causes a uniform internal pressure of 300 kPa. (12 M)

Given data

P= Bookfa , d= 2zeomm , {=Tmm

case ()

H oop Stwess ,

3
Sp= Pd - 3o0Kl0 x200 429 x16° pa

2t 2.X7
Loﬂafi'udﬂa-‘- gﬁsm‘

As tep end ©°f the C’Jﬂ«‘ndog is not
Constﬁoincd,, these will not be ama ﬂo"—gi—
fud nal  sffess p the woeM -

; S
Sh | h
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CaSe(]I)

HODF Stwess |

=3
G’h: E = 429 Xl0 P&
b % 3

Longitud nak  slksess,

oy
S, = pd _ &, _ 2:14K10 pPa

oy
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01(e).

¢

A single block brake with a torque capacity of 15 N-m is shown in figure. The coefficient
of friction is 0.3 and the maximum pressure on the brake lining is 1 N/mm?. The width of
the block is equal to its length. Calculat ,

. q ngth. Calculate —200 3 450 F
(i) the actuating force, F '

(i1) the dimensions of the block 120 60
(iii) the resultant hinge-pin reaction.

(All dimensions are in mm)

d+4+4=12M)

Given deof= -
Mﬁ: |5 DN-m : u=o-3 ,L:W.. f’:'”[mn?'
R= |5 mm
The foee bod(‘] diaazrom O'{ the brak
IS Shown be low . e
Kk— 200 —H— 450° "‘—'——";_L
Go 42 J/ N
R)(
Ry

(i) B‘mKir\a tosque s aivrm ba'
Mip= MNE

ly,ﬂag = o0-3KNK|S5o

f-‘. N - 333'33 N

BH ﬁa&irg fthe moment aboull hinge,

'FKCLoo-fﬁl-E:) = N’C‘i’ﬁ,o:, THNKis =D
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* F X650 — 333 33 X220 4 003 X33333 X€ =0

. Fz 93'33N

Lii) Nos mMal s eackion,

N= Px fw
Hete, P= f?c—wmisnbla. FW befw een
block and ~ bueke A

§ = Maf"‘ ‘Q]L blok

w = wickh of b Lok
33333 =[x ! A= w]
L =wz (326
(i) P kha lever,

RK: —-0'3 ?(33_3'33 = '—IOON

Ry= 9333 - 33535 = -—290N
Thus,  yesul ford h‘mjL ~+ e ad o

R= /\]R)(L"'RJ”

- ’\[C“’D\z"f(“ff‘fo}‘ = 2¢onN

LE8 B 0

Candidates
must not
write on this
margin



02(a).| A hollow aluminum tube used in a roof structure has an outside diameter d, = 104 mm | Candidates
must not

and an inside diameter d, = 82 mm as shown in the figure below. The tube is 2.75 m long, wiite o tHid

and the aluminum has shear modulus, G = 28 GPa. margin

(i)  If the tube is twisted in pure torsion by torques acting at the ends, what is the angle of
twist (in degrees) when the maximum shear stress is 48 MPa?
(i) What diameter d is required for a solid shaft as shown in the figure above to resist the

same torque with the same maximum stress?
(iii) What is the ratio of the weight of the hollow tube to the weight of the solid shaft?

| 8+8+4=20M)
5’0Lh Gl' ven data .

dl: l04'mm ( d["‘_' 82 mn
L = Z7s m , G = 28 Mpa
a8 prr\aﬂe. ef‘ feoist -fGE a 5””” Zrncr:ﬁf%
BJ usiruJ {5 Sion {hymub\\,
o= T xlL
ax

(DBeare Lohen ¥ = ’O/ry\gx ::é_l. "——'—“'_2_4'—__—_—5—41'!'\{“
A >3

3
‘6= 4 gxz2 5 X|[o

—————

2.87(:03:( 5 <

= o009 Xl8° - &5 |9
s

R B



i) Fos a 3alid Shaff' )’\Cwina oliameter d

meximuwrs  Sheos st s awem baj

(—cmc.ﬂ)s . Ts
A A xd?
/2 32
- _ T - U]
(Crncﬁ )s = ot
Fss o thollows  Shaft,
C—Cmai lu  — TH
- 7~ & (AT aF
dz./‘,_ 32 ( [ j
(Zm‘“"/w - << T - - (2]
~(aF ._a"ﬂdb‘%)

Given et (_Crnc ] (Cmc,c),,, ond T=T7y

K f?'im equations (i) and (),

2 da

& d%-dF

a5 = g, f
d,

R [0 N £ 1 IO
log

2 13 22
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02(b).
(i).

W =
AN, b
%
.
=2 Wy — (o4 —-82 — 0-54¢
wg 33,372

A ball bearing operates on the following work cycle:
Element No. | Radial load (N) | Speed (rpm) | Element time (%)
1 3000 720 30
2 7000 1440 50
3 5000 900 20
The dynamic load capacity of the bearing is 16.6 kN. Calculate the equivalent radial load
and the bearing life. (16 M)

Given date @ c = [6-€ KN

Ba Considesi fhe wolK dee °f ore minule,

ke ~evolubions N in  elurent Bime ate
Caladated amnd febolated ag
Element Radial Speed Eloment  Revoludions N

No ALoad(N), p (Spm)  Eime(S]  in edement fme

| 3ovo0 T2 60X30 |3 %g;o)(l?:.’-lt
, joo o

2 7000 L4440 CoX SP=30 44°%K% =0
[0 é0o

3 5-000 400 éo &%:‘L %E,OKIZ-:‘SD

Totad 2214 2 €o Hié
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sty g sad o b s e i i LR e T ==

Equivalent adial load  As Jiven bJ,

_[ 53
P, == NP ]

= N
— \
= 3 3 —
= [NE° N +Ng P
Ny N, +Ng
i ' 7 X 5‘000)3
— 316 KCj’ooo} -+ 7243 ,(C-lmo) 4 ] &0 C ]
MRS

Fe:: €271-571 N

Rated becusfva Qife

Llo: =
(%)

Hese ,nN=3 —fai b;ll beajrma

n

1
¢« 1 —=/[l6-6XIO
¢ 10

257

—_—

|, = 18 4 milkon Fevalutions
[0

el 18 e
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02(b).
(i),

SoL"
—

What is the objective of pre loading balls in rolling contac;t beérings ? . (4M)

The MecessSas gadiek antesnal ¢earonce
< » -

in an asembled boll beaxing Ancfeose

Noise and wotrtional vibralions doue o move-
menl  of the balds  Anside Hhe beara'ihagv

To  minimiye fhe elabtive  movermund of
balls = an axis) * prefead” should be appliel
fo fhe beaking . gt incsedses fhe Stiffness
of bemsina tohich  incveases the metunal
f’ltv.)tmfa of the ,gastom hence fzfedua'nd
e hoise and Vibsation: Hﬁom Pviate_ f'zsef
focd -fmscc defe/nol.m on the Sine of bell
bca—nnﬂ. if _ancam fve_load +=-
AS applied Vibration and —f‘oeﬂﬁng W eon
wmaa occud ansicle  &he bmirj.

116 ::
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02(c).

\¢

The wooden section of the beam is reinforced with two steel plates as shown in the figure
below. The beam is subjected to an internal moment of M = 30 kN-m.
(i) Determine the maximum bending stresses developed in the steel plates and wood beams.
(ii) Sketch the stress distribution over the combined cross section.

(Take E,, = 10 GPa and Ey = 200 GPa)

(14+6=20M)

Griven datzx M= 3okN-rm
Ew"-‘- loGPa
Esﬁj = 200G P~
() To W%Sc the Comf)os.')c Sec i or et
GRS 466::{' b’aﬂs—fcf‘rr\ i o ,lCJJJ.a Qfecl Sectiom.

Modu..la»r ’{ab‘o ( m = EW — L — 0 o3

| Ef 2o
L |Joomm — '
L
—

1.1 IR (R
N°°°\ 17 |

W L

A Cwoss-gection E Yoivolont P

59%3}'5 w 3’:&1' cfiom dis i butios

—TF\US' bS-Q: m¥ brl: 008X oo = S Mmm

i oment 0(— ines ha c{) T- Secthon fSa(V&n .bjl

2
T= loox |&d
[2

3
= — (00-5)x155 _ ;.19 )0 mnt

[2

s 17 o
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BJ US'\na flexusal fosmula
@b)w( - "l]:-._:.l ijcf
Fos Shee l Plak

ol v 1ab
= 30x10 X 9q0

—::@Sf)m = |23-29 Mp>2

L — ’
@-")a:'limm = Btl‘a)(lu‘_l X175 = L6214 Mp=a
219K P

Fos fhe wooden Section:

I;Je_ Know  ihet Sppoin sl buh’qn ‘is
Lineax fﬂ fhe (T'fem Composife Seckion
TFUAI (ESQ_)J:_LS'mm:(E)w]'a;—"]S‘mW

% @}HK: 75 rmm

= @'\;\/)J = ;IS' mm

— 605 X |[|02 T4

= EWipy = S 1F Mpa

1185
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03(a).

SoLnN

The Slgess dustmbution (il be S mmebic
abod meutyal ax iSCL’,c, " Comfrfassion above the
N and 93’4’1_30)& be Joco  Hhe N'ﬁ/ ay Shoon

be Jowo e
e | BO P —— - - (SK) pex= |2
= Q’LS"‘"’_"‘A 62 74’”‘90‘
Y IR N G =
N“f\/? ¢
| L62:1411Pa
st S (2524 t1¢
A . e ?
Cotss - section Temsle s bos
ot th beom Ais o b o~

The friction coefficient between the horizontal surface and each of the blocks shown in

figure is 0.20. The collision between the blocks is perfectly elastic. Find the separation
between the two blocks when they come to rest. (Take g = 10 m/s?).

. 20 M
0.16 m ( )

Just  befose str‘nlcma the blodk of mas 4«3’
the Velouty o f 2Ky blek (V¥¢) Can be
Obfyned bd u5|ra barmc Kinematic eguakic
Vf: [2 lean'Ko-\C—; [’_‘ Refaxdation ;—M(a]
= —2 xo2xloxe &

Vi= 06 m|s

Just Ol-fﬁ"e,g Collision fot the Vdodl‘(] 0{- blowk
)—K(‘] ¥ !\/‘If $o waosds Qﬁfl’ and. VeLuu.‘taaf

o 19 e

b ok 4Kg s (V'J_' fowards  wignd
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V‘é‘ﬁ | _ 4“;17'—?\/2.

Ba conses Yok ion o,(- L’n(ad Moyren Lo a_usf
befste  and GUSQ' afkes fkhe CJlision

2x06 = 4V, —J_YI — L

Also, e=1 = V, tV [ Fos cmfhrela elastic
‘0 . Collision Coefficient ©F
fes titution (e=1 |

Distonce.  fsoweled ba b ok of ynauss }/Ka be fefe
it omes b0 gest = 02”7
)—xpuca

= 02 = o0Oolm

-

ZXeorZiAi]o

Disknce  frovelled bd bisk ef  mon ‘Hfa be fare

LY CGomes o St = 0'4/' ~ o+ Bdmn
LX02K o

Totel Sepesotion  betwen tha Hoo  bledks
Cohemn Q:*w(] Corra Qp 1$e,s;t :*O’OH-D‘OA]-» ~O0'0S m

0 2008
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03(b).

A thick cylinder of 120 mm internal diameter and 180 mm external diameter is subjected
to an external pressure of 9 MPa.
()  Determine the maximum value of the internal pressure that can be applied if the
maximum allowable circumferential stress is to be 30 MPa.
(ii) Plot the variation of radial and circumferential stresses developed in the material of

the cylinder. (14+6=20M)
GnV@n daivl '
Ai= |26 mm ; do = [0 M.

¢ Sc= 3oppe

(') hen  fhe ﬂqﬂincu,o' IS Sebjected fo internd
cnd exlesnal plasw bhe Fadisl and hoe p
Stresses canm be Lo wi Hen ’IQ._\P:(_-{WJJ ar |

P= —~R+ B — )

di
6C‘: A+£ R .

h

\’I i
dz.
w21 %
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Thos | the  MeKi muwm hoo‘o ffess  occum

af the innesr ddanuter,

3o = A+ P — - @i

|20
Now, af the outes dicmdsr | P=Fo

N ~A+ >
cho 2

9= —-R + _B C—
| 807

Ba addina equations (iif) and (iv],

Sctq= A+ B A+ B
|20" gt

- B (4. +-4+
-1 (IJO‘ [ 30 |
", BT 3338c0

Thus  frormn equation vl oy,

A= 3588800 _g =35

w22,

V)
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At d= 0‘[ : F= £

p—— Po= -3 + 3338 0O
| 20"
Gi) The velus of  Sffesses
e{— fhe CJO_‘mdw fe
be o
Radiwn Radiak sfpess
(s¥)
Thnes godiut 24 M pa
(_T:f;}
putes todiun aqaMpa
C’6:faj
At 1=

e

Shown

Hal sStress s

= ©,= AT B = 37 333%00 _ |5 pa
[ §0*

Yaza"l&hon 0{. podt the vadisA and C{‘fcwmf-e»ren-
he Low

= L& (1P~

a_Lona the vadiua

given AN the fobl
Ciwvmfe{mﬁd
Stess (o )

3ot pa

(S 1 pa
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03(c).
(i).

A bracket, made of steel

FeE 200 (Sy = 200 N/mm?) and subjected to a force of 5 kN

acting at an angle of 30° to the vertical, is shown in figure. The factor of safety is 4.

Determine the dimensions of the cross-section of the bracket by using maximum normal

stress theory.

m—
44/LIt
2501’[1[1’1 21 ‘300
G
f——
125 mm (Is M)
Giiven datz
LS Pr— P _
44 = 200&GPpa Pz Ty , Fs=+¢
FSin3a”

& (2Smm—7

Divect  fensile sffess 1n o bfackt

T = &Co_séo Pcos30
§o 24 35
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— 515 XG0 = 21650¢
- | P
24t 4

B@nouha moment  in  the byadet ot frel
end
M = (pmgcx(z_s) t( psinse Kz5o)
= BXIo K @5 30 X125 ) +( K18 K sin Fox250)
= 111X 160 N-mm
By }mra flexyeakl  fovmuda,

@’) mex = ,‘j X Ipna 4

T
~ }17x10* w2t
txe )’
|2
= 1‘75_7“0( M pa
,(:3

Now, yraximum  princip=l S fsex

N (3
oo 29 - [SX 100 go)45006
r.-s ‘6,3 ’ '_EL

t3 t4

28
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03(c).

(ii).

3 _
ot, 50 - 216508 & 5K )of = o

— £ = 3315mm 22 34 mm

Write brief notes on maximum principle stress theory and maximum shear stress theory.

Also state that, whic theoryl applfﬁable to e of materials. 5M)
Cozfé‘i Eﬁ khcox‘a . the -fm,b.uu of

8|eldina occun & a lvomf n & Membes Wher
Fhe  rregimunmn fmn@\wl sy 4n a  biexial Sfres
Sgﬂom Feadw bt (ltmff-ina Stsenyth of fha
malesisl in @ simpla  fension test . The Lim.

ing  stsengdh s dudite madexiaks e gieto
poird Sffess  ond -fa’ batle matendai fhe

i Kive strengph Ay udlimele  sfges
This khw‘a is mosQ'J] vsed for

dc.namr\a o{» by Hile mﬂte,nm

Maximuwmnn  Sheas Stb’ess +h

Ac*wsd-tr\a 4o fhis Qﬁtcfa , the f’au.wta_ c‘fjieldér\a
occons at a poind Un & Membe then  fhe mex-
imumrs Sheos s ey an & bi-oxjat 2 f5esy _rjyh—,
Yeochuw o Volue equal tha Shear s tem of

'E]lt‘d Pclh’f N a Simpk fensien fesf .

This , 1S mostly ovded
duadide ynofesialy. Q""“é\ Jj L
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04(a).

An angle is welded to a frame by two fillet welds having 10 mm throat thickness, as
shown in the figure below. A load of 16 kN is applied normal to the gravity axis at a
distance of 300 mm from the centre of gravity of welds. Find maximum shear stress in the
welds, assuming each weld to be 100 mm long and parallel to the axis of the angle.

16 kN
’V
20 M)
GQiven doda
t= 1o mm / P=16 kN,
€ = 300 mm, L =loomm

We Know that ; ol Ihoet  ogea

Q= 28x) = 2xloKIod = 2000 mm?

I

Divect Fzﬁmcma Ahear  sfrem

—

. 3
"C,: _%: _l_(:_)’_la = L ANT R

2 o0o
Q'

— & ‘N/.
<50mm —1&— Semmm—

Fsom  the  abole ﬁgwufpctwmmwc[’
Anestia T of weld 2:\’, about § s given &

Candidates
must not
write on this
margin




T AT~

= H(_QZ,Z_' ¢ﬁL)

[ 2

= £1'¥ X los m it
Tve fo Sd mmtfla i PGLM e, Momend o,(.
anes Ha of— fo Welds
J= j—' "FJ;’ 2 7—5

s
= 2X4T 4 X\ = q4-3%19 Mt

Frorm K F‘j“"" Shown  albove

z . |
T, = A)é’pﬁ‘ 150 = So-04 mMmm

<heas <sfress ous to  bhe twm'mJ Moment

i-e-, Secmmv«-d Sheos _gt((_\,,l:j

G = pPxexe

2’_-
T
= [€x ID'S)C o ik ‘0 4
i 30 )0 :40,5-5 ‘\—1'75,'
qL-3% 100 o

Now ; gesdfad  Iheor shksexn |

T= Tttty @e
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04(b).

hese | Cose = GSo
g0 04

= = 8" *40‘5'311—2’*(8% fors3x 50
-#-& o o4

1

4595 Mpa

Three pinned-end columns of the same material but different shapes have the same length
and the same cross-sectional area as shown in the figure below. The columns are free to
buckle in any direction. The columns have cross section as follows: (1) a circle, (2) a

square, and (3) an equilateral triangle. Determine the ratiost Py : P, : P; of the critical loads
for these columns.

(1) 2) ) (20 M)

Given doda -

e Mdleriak of eath section s Aamu
y Lf/rgﬁn Of eadn Secion s Some
¢ (Cwoss -Sectional Qgean -of ecah Section is Some |

Crifical bud(hrJ Qocd ¢ 9iven _5_-]

= K'ZIEI
LeL
Here, E ond Le ore  Constont -

s

Vo PX T
3e29 o

Candidates
must not
write on this
margin



o)
KN
N
™

r

I, - f and A=a*

I = _b_bj omd A= bh
36 <

Fom aeamtﬁﬁ.

sinée = h
b

' hz bsinge = A3b
“Z.

-

A= A3
)
. b= 40

O\r? 2t 30 i

(2] Squase (et fet side =a )
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3
- b 3 b
o, a2 ("f—; } = 34T gt
9x3¢
3¢
:3_’\_{_3—/&4'”)2
8X 3¢ N3
. Tz = @AL
[ 8

— -
- L —y,

1531

Candidates
must not
write on this
margin



04(c).

SN

Figure shows a shaft carrying a pulley A and a gear B and supported by two bearings C
and D. The shaft transmits 20 kW at 150 r.p.m. The tangential force F; on the gear B acts
vertically upwards as shown.

A
-~ Pull ,
3 _T‘/P“ ey B! Gear
| C D
1250_ _.-.:..-... S| PO R | (B, & 8 [Ene 750 -
2501 1000 ' 350 ' 1250

Tz v Tl

(All dimensions are in mm)

The pulley delivers the power through a belt to another pulley of equal diameter vertically
below the pulley A. The ratio of tensions Ti/ T3 is equal to 2.5. The gear and the pulley
weigh 900 N and 2700 N respectively. The permissible shear stress for the material of the
shaft may be taken as 63 MPa. Assuming the weight of the shaft to be negligible in
comparison with the other loads, determine its diameter. Take shock and fatigue factors
for bending and torsion as 2 and 1.5 respectively. Neglect the radial component of
contact force at gear tooth. (20 M)

Giver dod’

P= 20 KW N= I|So T¢m
_:_'_. = 2+ 5 W(S: doo N

‘L

Wa = 27loo N — = €3 Mpa

K =2 Kg. =I5

Pr= Isomm Ddpz |2Semm

Wﬂ_ Khota H\.ﬂt JPDL‘O"{‘
P= 2xNT
€

' 3 _
. 2eXle = 2XXISX T = T2 (273 N-m
feo =X
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HJ.SOJ @T"T)_) RH :’F

|
S (M-T2) = (23X

1

oot e t)

{ey
Given thet | T _,. o
T
= Tz 25T L e = 2

From (i) X and 21

T, = 3395 N
T,= 1353 N
‘ Total vestical [food a.ul‘lr-a A ownwasd

§f -

on bthe shaft = A,
- qu'g ‘f'wr,\
— 3395 + 1353 42Joo= 14 53N

HSSLUW\‘U\O het  the torque on Geor B
is sema on thet o Mo Shaft, Aheree
the bﬂ\demhﬁ—\ »fcszru- ad’iha V%%"ICDU-;’ U pwoy

& on tha qeasr B

Eﬁ B i = (Z’T’J’Klog _ 3395 N
Kg 31s
The o=t veghical foad  orking upw ord
on the  sheft ok B,
= F&,wﬁ - 3395—900 =2495 N

—

Nowl fo find fhe 7Teachoms af ha bCMif‘js C
omd 31 fedte Morment :: 33 :: byt
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R, Xlooo = T453 X |250 4 24945 X356 = [0-2 X Job
-.,- R( = IOJ——‘OON

| Geos
- & il P;_ 5o
ERg e . Sud WA

2495N

Also, gF=o = Rpt1458= K 12425
= Rypz 5242 N
Benoing monend
- Y
Mpz Mg =0
Me= 1453% 250 = [ 363 X100 N-mma

3
Mp= 2445 x35c = 813 Klow N—mm

|
\
|
T \\[F‘Cbl«./{\
kb4 [T
j, ‘ looomm =55 me 7413!* -

From abete Mo = Me = 183 K10 Nmm

We Know Ahet the eq ui velend Qwhﬁﬂa

hamend |
TCZARK”‘" Moo ) + (K 7)”

-:/J(Q—x' (368 x1f )" T (i sxersxow’)©
= 4187% [o° N—mm

Ale, To= R coxd®

e

3
4?!87)(!03: R yEs xa
| [¢

=) 4= a6 22 1emmr

1034
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(i). | A steel rod is fixed at one end and free at the other end. The coefficient of thermal

expansion of the steel is o, and modulus of elasticity is E. If the temperature of the rod is

increased by AT then determine the stress and strain developed in the rod. (6 M)

A ~St€@r fm&, LUI/\JC["# S 'rltxed ok one end avd
fvee ar the othex emd 1§ Shewv below:

i & red
\Wheyvr +he {em‘;em,,wre of +the s0d S INcyec

by aT , the aod will e expavided ar shewy below
AT

AN

\ .\' \

Hexel &T = FXPU()(!'OW OF We »od
AlSo, ch L (AT) X L
by = (AT) L

where, K = Coefficient of Hhexmal
EXpenciov

\

NOU'D/\SHCQ/;’/), ET’

Sv

L

s Eo= oA X (oD
TE 1§ given that the ovod s £yep to €XPENd.
Thws, theve will not be ony ckvedl induced W thevd

N B = OJ

L



05(a).
(ii).

Calculate the moment of inertia I for the hollow composite circular area shown in the

figure. The origin of the axes is at the center of the concentric circles, and the three

diameters are 20, 40, and 60 mm.

Gwen dara s

dy = 20 v,

dg = 40 wnsn,

013 = 60 wnm
Momemnt of wmextia of 4 9
¢ calcwated by;

&
T, = Zj{} [(d;— cl:r) + d,;(

= T [Go - (a0 + 20" ]
64

Se T, =6.18 X 1o mm"l

e — e e e e e+

1236 22

(6 M)

wey) Composite€ £O¢ Hov
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05(b).

The compound beam is fixed at A, pin connected at B, and supported by a roller at C.
Draw the shear force diagram for the beam.

600 N

400 N/m

Tem (12 M)

Free bod- d\'aﬁmmj of each beam ave chowvi

400X 2 = gOON

below: 60f N Re . _L' o

/]
A 2 &
/ _‘ =
;< 20 8@ 2 g kl“‘*’pm )
Re Re
Beam BC

{ G
Due +to J\/mmg‘f77 of the beam, Yecckivnd Pz—@ nd

RL cawn b€ LDY‘\fleL’n al,

goo
Ro = Re = =~
— 400 N
Shear foxce ¢
(g_F.)C = = Re = —40ON
@.F.)@ - _RQ, + (4c0x2)

- _ 400 % BOO

— 400 N

37
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Becom AB:

@.\:)6 -~ 400N
(\S"F)DR?QM - @‘F)B
- 400 N

(\-S\'F’)DLeFL— = CCF)Dp.w + 600

_ 400 t 600

— tovoo W

(S-F)y = (s F)p et

- |00 O N

Frem the sheoas fwce velued Cedevdlated

Chove , Sheax foxce diagsaw Cdn be dryawwn

ol shewwvy below:

Fen),
|

100 0O

400

-400

o 382
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05(c).

Determine the thickness of a 120 mm wide uniform plate for safe continuous operation if
the plate is to be subjected to a tensile load that has a maximum value of 250 kN and a

minimum value of 100 kN. The properties of the plate material are as follows:
Endurance limit stress = 225 MPa

Yield point stress = 300 MPa
The factor of safety based on yield point may be taken as 1.5. (12 M)

Grivevr date

b= 120 mm, Fog. =15,
Wf‘mx = 05D |“\3/ WWivina = \© 0 \AN,
O, = 225 MPpo, sy = 300 ™MPa,

Let, t = Hucknece of the P'C‘J'e L

A'ré.Ct,
A = b X t

2
= |20t ™M

Meen load & 9iven 1,

Wm = Wmax —{—\/Jm]r)

2
= 2%0b 4 lo°©
2
=95 |—<M
Meewn fbrels,
S = W
’TY) e
A
|20t

o 3G 2o
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Variadble 1vad it gvev loq/

W = \’d""m( "\/\'m;n

2.

= F8 kN

oy = Wy
A
- 45 l'fN/mml
|20 t
Actoxding +4o JSede> beng's  formula,
Smoosv L L
5y Se F.$
' X\n?’ :FgX\OB N
ST N - =

|Rot X 300 20 b X 225

ok :-\1.4’6 ™Mm

2 40 ::
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05(d).

A uniform ladder of mass 10 kg leans against a smooth vertical wall making an angle of

53° with it. The other end rests on a rough horizontal floor. Find the normal force and the
frictional force that the floor exerts on the ladder. (12 M)

GWven data ®
™ = |o I<3,
©=¢3°

3 E(j O
The foxcec GcHiNg o the laddes arve chown in
the Pif]qre, above. They ave,
()t welght | W
(b)'l\DOTmcU\ fovce N, by thhe Ve/r\_«fcc.p weel|
© Neowmal Fovie N by the €leoy ond
) Frickonal force £ by e flooy-
1 . §
-Bh‘nﬁ l/\-OY‘\’EO\/]’}:CJ CPVL& V@XE\QJ comPoﬂeﬂ\.’,
NPy = ¥ — (I)

and Nz = W —— (m)

Tab?mﬁ toveue albout B,
N, Xoa =W X CB

°

Jo N X AR (0SEF = W XAB x 1053
2

Ny = W okansy ()
2

ve 4] vs
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Faown egquakion (1), the Noymal foxce by +he

Floox

From, equatione (7T

«Fmsce,

i<,
Ny = W
= Mg
= ]lo X 9.5
CUN, = 9600 N

) end CIUZ), he FricHomed

_F = N|
= W tangs
a2
= 98 pnss
Z2.
roo 'F = Gg"l N
oo 42 o3
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05(e).

An antifriction bearing used in a gear box has a specification 7205. What do the numbers
signify in the given specification ? (12 M)

Speciflcakion 720G °

Signt Ficunce of 7.

2 The Vviumber ~epvesents the t-pe of
_ qﬂ.H,F-{i(;(ﬂ‘o\/\ beaar\'ﬂﬁ,

o« Thut, F vepveceats angqulay” con
/

locd | (Deaa'inj_.

tack

5"3h\\(3|'ca nee of 2¢

. R , ‘e‘(.
e The Mext NUN b ey 5'\jﬂl@\95 Hﬂe $e
of becm'iﬂﬂ.

| \ iat SEe¥'EL.
o Thus, 2 IMdicates L9

Jiaw‘\F\'conce of 0S¢

_—

The Num ber (5 mul Eiplied with 5 o give the
[ ]

boye diasneker of the bearing.

Thus, 0§ X5 = 25 ™

| M .
o Thewefore, dicmeten of bovye 1§ 25

ss43
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06(a).| At a point on the surface of a machine the material is in biaxial stress with o, = 32 MPa,

and oy = —50 MPa as shown in figure (a). Figure (b) shows an inclined plane aa cut
through the same point in the material but oriented at an angle 0.

Fig. (a) Fig. (b)

(i) Determine the value of the angle 0 between zero and 90° such that no normal stress

acts on plane aa.
(i) Sketch a stress element having plane aa as one of its sides and show all stresses
acting on the element. (10+10=20M)

GAavewny daka
Sx = 32 MPa,

Y
Ty =0
if qwWen
(1) Normal Jtvess ot avny angle © 9
bﬁl S\ .
3p ~ QE_:C_? v Sx ~%Y cor20 + Ty £in20
93 o I
G\ VEX) -L/,V’Cl—t’, 079 =D
o 31-\*5’0 OSQ.Q A 0
5.0 = 3__7—__._:3— 1= o C

. cos 20 5 7

' Q- 3866 (0 0°£6<9%)
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Cll) Fo>» the Yress element Lul/ucjf) s ok

av aﬂJle 0= 3%, 66 Sheoy ctress ic

giver lo\//

To = Fa ~%4 @b - Ty cot2 8
2

- 32 +5° <in (=2 X3&. 66°)
7.4

= 40 | Pa

Also, stress wversien t,
Toe o vy = (on)y (9

° 32’907—04—(({3)@

¢ .

o (g

The strves elesmeot having Piane aa Al

opne O0F 1t Side s Chowy beltow g

- 40 MPq

: "'\8 Mpq

048
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06(b).
(i).

A single cylinder internal combustion engine working on the four stroke cycle develops
75 kW at 360 r.p.m. The fluctuation of energy can be assumed to be 0.9 times the energy
developed per cycle. If the fluctuation of speed is not to exceed 1 percent and the
maximum centrifugal stress in the flywheel is to be 5.5 MPa, determine, the mean
diameter and the cross-sectional area of the rim.

(The material of the rim has a density of 7200 kg/m’) (16 M)

vewvy deota ;s
P == kW, N =360 ¥p™),
AE= 0.9F, Ce=1"I,
6 = S5 MPa, ¢ = 3200 Wy [m®

t

Mean anguwlay SPBQO[/

o = 27N
60

_ 27 X360
60

_ 3%.¥ wad/c

1146 ::
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Now, +he entyifugal stwvess,
g, = SR w”

7 2
e xio® = F200 xR x (3%:7)

]

* R= 8752

|, 466

©

h“ D_:

r

cvpel
Workdene oy the ?lx/whe@l per eyf¢ e,

E:Pxéo
28]

= F¢ XD xé0 rome X for four
- 2
(366') Skock cyele)
2

— 2S5 N

Given thed, AT = 0.9 €

- 22.% ot N« ™

A{LO/ At = m@LCUQ'C_S

| 2 2
92.5 )(102’ — ) X Co.¥33) X (3-}'.4) X 0.0]

-

) = 294¢.4 ®g

we  know theadt,
M= AXTpX 5

2646 .4 = AX T x\.466 X 1200

A =009 mM°

se T o2

Candidates
must not
write on this
margin



06(b).
(ii).

What is cooling stress and how does it induce in flywheel? (4 M)

¢ The ctressec C;e\;e/lopccl N casting paocess

due -0 \«lﬂeq»tcd wok€ Of cobling s cadled

cooling skrest.
» I lavge Fl\jwhee) thewe ic heavy conce rtrad
¥im ond hu b, I{f yesults N

ng aates ax wim, bhe hub and

of masfs ak
unequed €oo
e axs N,

‘ : he asane cue
& Laxﬁe stryegsec ave induced 10 he

o +he compvaﬂf\f@ fov (e 3emevmkea by
Yim and W b. Thit 'b”&-iu/l‘t"eﬁj ctrese ) ool

i Jue 4o Ccooling chress.

—
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06(c).
(i).

An engine developing 22 kW at 1000 r.p.m. is fitted with a cone clutch having mean
diameter of 300 mm. The cone has a face angle of 12°. If the normal pressure on the
clutch face is not to exceed 0.07 N/mm® and the coefficient of friction is 0.2, determine
the face width of the clutch, and the axial spring force necessary to engage the clutch.

(16 M)
Cxwem deoda!
P- 2.2 kW, N 1000 P
Dm: 300 o, X = |74
Pra, 0- 0% N A O R N

We lnow hal, Powe,

P__ L'ﬁN'T
60

- 1. 60F
"
RPN

60 X 22 X \0
o X 1000
210.0% NV

: oy
By odfurminNg uni foyan wear th 7,
P

T™ = 24 W Qn’)
_— -_——_._._'_,_,_——l‘
i o
9T C (szf“"z')

Here, W =
/ C — P{,{)C&X X Ql

uuhe/?rf’/

= ’wa%”j}
iy X

1249 ::
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© n10.0% = 0.24X2 7IX O.0F X10

- o

el =
B ‘ .
IZZ_FI S;n'l
: P—'(ﬂz*ﬂr)—;'}-gleo#}‘
T8
2)(o.3-2r) = -2l XI°
—*-3—
| X19 =0
g i - o BBy & BS
2 - 0.]38 ™
° '2 — 0O 2 ._._.o.lgg
2
= B, | 6% )
N YW, face widdth,
b = P.}~P-,
in A

A)(:'oJ

(XIQ)XO.IK

o 162 — 0.138

Sin |2

* b = 0.1 ™M

o ©

;‘Prff)j force,

\/\J = Q,TIC CP“.Z.. "{11)
= % Pn’m;r X %) Cﬁ}~@,)

¢
_ 2T X 0.0FX10 X0.139X0.02%

W = |4S6.69N

050 ::
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06(c).
(ii).

Why are clutches usually designed on the basis of uniform wear? (4 M)

¢ Uniform pretoure theovy s C@-FP“CGLbIE’: t0
ol Mew Aauwktenes. When the cluten & New,
e hal move £rickioNn susface oonich has
highe torque capaciby

accumption gives a

vy unifov )
: actt clutch ha .
rovque COp 1 i Fox wees theory (<

e :
prwufe-£3° ;\\u—dn will pot SUP whe
wied <o '

t betoms old.

lowé¥
® Unifoyrm wea?

51 2
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07(a).
(i).

The friction coefficient between the two blocks shown in figure is p but the floor is
smooth. What maximum horizontal force F can be applied without disturbing the

Fe— M
| ™ fi
- (10 M)

Frece body diagoame of blocks of enusses M’
and ‘sn’ axe dvaww below L

equilibrium of the system ?

N N
! !
Fe—r s > T ikl T
R ; .
™9 N

™9
FOY T AX NVEIUFY) Va/lue O'F ‘P))H“Cbeﬂaj ’f:D'a'(e tF’ ;S
MAX 5 uvn So, £ =N

Fov equilibyium of wpper block ofF ®™ass 'm'j
T+ £ = F — (T)

vz ()
S \easly Foy ngi\‘tbf'\um of lpwes block OF mcst M)

T=f — (m)

wN = N V\ﬂ :mj .\—ﬂj - ij\"‘/\)ﬁ

F » — (D
From equationg (1), (W), (W) (W) and (D),

F = LT 4

ve 5
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07(a).
(ii).

A composite bar made up of steel (Modulus of elasticity = E) is hanging freely under its
own weight as shown in the figure below. Self weight and cross sectional area of bar RQ
are 2W and 2A respectively while those of bar PQ, are W and A respectively.
Considering self weights of the bars, determine the displacement of point P.

——————
R
L
Q
L
¥ (10 M)
5 -
Grivewvy data s
W, = W, haly, = 2 W,
A|: Al A, = Q’A;
-
€|: gl EZ

pisplacew ent of powvlt P ir given b‘//
CSF = (d\Fl)DM-&-{:c self weight of Gp ‘f’(é B)Dueb JGFF‘—Uei?'“i of RQ

W

WLy Wa Lz

+- \/\h -3
2AIE, 2A2LEy A, €2
= WL + (2W) L N WL
B 2 (2A) E (2A)E
* - 3wl
&y =
2AE

1153 2
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07(b).

The deflection curve for a simple beam AB as shown in the figure below, is given by the
following equation: v =— WL sin - y
& ' n'El i l
A [ | B —
A A
(i) Describe the load acting on the beam. e L o

(i) Determine the reactions at the supports.
(iii) Determine the maximum bending moment Mpay. 8+6+6=20M)

Gwem ek ®

lp
w
v = — Wol Cin [T (I)
n4eT L

: ‘ ¥y
(i) The load WMtensity daceing o e beam

Jiven by,
W = — E‘I \,U//

By uuinﬁ e quakion (T),

Vl - v\NoL,q/

L cog(m) ¢

.,. VL - \N‘olﬁ/ \Slf'l (H)xﬁ ______,(]l)
L

ThET s
(" lj m> (_El)
" Wo coS§ ('WI>,( e
nvex = P
4
e thy W
Y We L s WTI)XTT+
THET L =
= - We sm("?‘) ()
EL |

254
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({i) By wsing equeckion (m)

Now, tne load intensiey is given by,

W= — ETV"

LW o= W $in (lTLJf_) (L)

Thus, foad inkensity is in the form of
Sirusoided cupve a8 Shown below:

/ \N = W g'n(-n)t)

II\
L :[p

B

, Sheay fovce ok any
JecHevr cawv e given loyl

F_ = EI. VHI

= wel (os (-'T)L
T

At 9(_-:.O){:=F'ZA

o QA:\NOL’
T
A+t =L, F= -Rg

L Rpg = Wo L
T

w8 o
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- = B -

(Wr) B\f \,L(;{)j eqthLHOL’] (D:), b@/ﬂoll'ﬂj
any sec Hov) 1€ guwem by,
™M= EIV

- woLz' - (
= el sin (7)

At x = -[-2-_- / l\/]‘—Mmo.x

2
: L« L
Moy = L2 S (Ml,m)

Wo LiL

T"L

=
:
il

8256 2

moment ak
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07(c).

A hydrostatic spherical step bearing is shown in figure.

Show that the flow requirement is given by :

nP.h?
Q= 1i~"o

)
6L fn 2

tan( ¢—’]
2

(ensides awn element zrinf} ok lewgth e and

Hiiceness e ot am angle O as thowy) belbw.

Fowv +if clement, the flow of |ubsicant tlnwug\n
Hus x‘mg U given by,

® - OPbh
i2~L
Wher‘re/ L= Jdol. = Rd@,
| b;gﬂﬁmj:lﬂﬂﬁﬂﬁ/
h = bho
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be cauvud@ PT@JJ\,[Y‘Q decread€s as O iN(Yeauded.
., =t d0
dp = —
th Sind
P)**’ i{‘)'te\f)’fq_j\—'(ﬂj e alrove Qqua}‘!oﬂl
p = - 6% jcwecé do
Trho

heve, (coreco d€ = - &7 [ Cosec® + (ot ©)

_ | 4-cos &
=~ (e
__am [ 2082
o} _Ci'ng_.totg__

O
= —£n (Cot-z)
= M(%an_@_)
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. 2
c¢ = 688 o (den (£) ) — (x)
Ao, ot @=¢, , P=Pi

Py = L -Qm[—tfm[ﬁpl)) + C f{m)

Th

B‘T \Afiﬂj eCILfQHO\/lS (I[) and CIU')/

B o=~ (tvn(c—pi))

T e
(~ ol
b= 6%M tan (3)
TThe T
L%an(%
o - TP ho
. chmcg%)
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onf2)
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08(a).

The curved rod AB has a diameter d. Determine the vertical displacement of end B of the
rod. The rod is made of material having a modulus of elasticity of E.
(Consider the displacement due to bending only)

(20 M)

ol 1
Connsidey +he JecHon of the beam which

at an ongle © af < howw (oe,lc;w:

0¥
ot A
X ‘

&

w cesO

A' *b’,c_i'nrg}
ab ehil gecH o

g 3Ivm
Bending moment

b\‘/, Me P X YLIinA

‘ peam is GVen by,
i emeYegy steved N +e
Stxat g:g—
J=
=0
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S ) e
= 8P ¥ (- T=2d)

cd?
By wang Castigliano’s +heovem, dirplacement
of poivk B 1S qiven bY,

_ 2V
do = Sp
Sp = 16PY°
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08(b).

Derive an expression for the distortion energy per unit volume for a body subjected to a
uniform stress state, given by the principal stresses o) and o, with the principal stress o3
being zero. (20 M)

(river) deka s
§ =0

e tevow that | total Stvain enesgy cow be
considesed as +he sum of twWoO pavts, ovie post
Tepvesenking the evevqy meeded o couse A
volume change of the elemenk with me Chonge
in Shape and bnhe othier part Tepvesed ting

the emergy meeded +o distort the element.
(zx)

U_b,m = UV "\’Ud

here, Utoge _ ) o7 €t 52 G ¥ S35
[
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Wwe Enew Haek,
& =L (s- 2]

g’:L = J— Eoﬁz ””G’,]

By = L1 [~Jq (GT*%)]

E
0 : 2 .
o« Oty = Z’E | %+ a5 - 246705 | — (%)
Now, Uy = 1 x Avesage strecs x Volumebsic Stoean
2
0y (cr,+ o +o) ) Ci-24) (o7xs3)
2- 3 E

2
vy = ((-24) (o7 v 63)

.. _ m
GE )
CN us1ﬂ3 cquatione (I), CO) ond Cm))
b,l.&,\ 2
U, = _‘_ﬂCO’,l*—c;?’—z-ﬂ‘\cf.s‘l) - E(,__) (5,403)
2E
_ ) (367a387 6 eis;)
= N
cE
. [o_(o’.z—w’f) — 2665 ¥2(07 +6557)
T 6E
e KT
=L ) [eo®ts") —2 679
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08(c).
(i).

A steel pinion with 20° full depth involute teeth is transmitting 7.5 kW power at 1000 rpm
from an electric motor. The starting torque of the motor is twice the rated torque. The
number of teeth on the pinion is 25, while the module is 4 mm. The face width is 45 mm.
Assuming that velocity factor accounts for the dynamic load, calculate the effective load
on the gear tooth and the bending stresses in the gear tooth.

(Take value of service factor as 2 and use the table given below for Lewis Jorm factor
value)

Number of teeth | Lewis form factor
25 0.340
45 0.399

(16 M)

(iven daka

P = F.5 KW, Np = 000 ¥p»,
‘ZP:: :2‘;‘/ ™M = ¢ mm;
b= 4CMN G =%
Pow@r/ P = 2 TINT
§0

. :T.SX\Dé = & X jooox T
6 O

" = Flelg.32 N

inion

Tovyque trensmitted 2 e
- P xil_"
T = F& S

& X285
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Now, pitelh M€ velocttT,
N = Tidsp Np
o
_ Trx 4%x2% x \000

I

6o
= €235.99 Mm/x’ec

heve, vV < lom/s, So, velocity fexctoy]

Cv — 3
34V
- 3
23 +5.2%
= Qs 354’
“4poth
MNow, cFfecrve load ov gecr /
_ C XP{—
Pe.g: . >
Cv

- 2 X1432,39
0-d6¢ |

< R = #8730, 27 N

Recw I't"nfmj

S, = Pese = mbo, Y

‘ 0}; - 12%. 6 MPq
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08(c).
(ii).

Define the terms ‘Pitting” and ‘Scoring’ in gear system? 4 M)
Pithing :
e Tt is a surface fakigue Failyre ,C,tqaractexnzcg

by <mall pitL on surface o€ G body.

¢ 1T\ Ae vy, E oCccuve when +the Coﬂ‘tﬁfc‘{"
sdvessec between 4wo seshing teekh exce ed
the Susface endurance J’(’ffmg% o the

maoteriead .

5(:07%05 }

'_jc_':*(/h and teaYy of &he meterie] due o
extprned load i called £Coring.

] ) i Cg)"\ﬂlq/
¢ Iﬂ je,or ;Yrjtcm, due to ¥ )ad&quod'e f [grrtc
(¢ Sﬂe{’C«J to m&hﬂ C@ﬂ't“C/f - A’J Here
(
l’l/fﬁ(n V5 hect i.!‘ aemc_rcc}ecf.

+hexe
it No lubsicalon,
Later on, weldivg and te€oring action veswitln
from  metadlic contuct vYemoves the metel.
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