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COMMON TO ALL BRANCHES
GE 181 / GE 9151 ENGINEERING MECHANICS
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11.

Answer All Questions A
PART-A (10 x 2 = 20 Marks)
What are the equations of equilibriumfor a rigid body acted upon by a system of forces?
What is meant by angle of friction? What is its relation to friction coefficient and angle of
repose”?
Determine whether the systems of forces shown in Fig.3 are in equilibrium?

State and explain Varignon's theorem?
Locate the centroid of the lamina shown in the Fig.5.
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Fig.3 Fig.5 ' Fig.6
State parallel axes theorem and use it to determine the moment of inertia of the rectangle

-shown in Fig.6 about its bottom edge.

A man weighing 750N is travelling in a lift with an acceleration of 2m/s?. What is the force
exerted by the man on the fioor when moving {i) upwards {ii) downwards.
An aircraft of mass 10000kg is flying at a velocity of 300 km/ph at a height of 3000m
above ground level. Calculate the total energy possessed by the aircraft. T
Explain clearly what is coefficient of restitution.
Wlth a neat sketch explain what is centre of percussion.

PART-B (5 x 16 = 80 Marks)

i) Two cylinders of diameters 60mm and 30mm and weighing 160N and 40N respectively
are placed as shown in Fig.11.a. Assuming all the contact surfaces to be smooth, find the

reactions at A,B and C.

iiy The three cables are secured to a ring at B and the turn buckle at C as shown in Fig
11.b. is tightened until it supports a tension of 1.6 kN. Calculate the moment M, produced

by the tension in cable AB about the base of the mast at D.
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(b) componenis of 62 kN al Q'
o Figure 4.22
The components of foaus are shiown in i ig. 4.22(b).
@\r\ =1035-31= 725
@ Sy = <246 ~ 53694 = ~299.694 ,
TFy is posmve and ZF\ is negative, hence Risin- rouﬂh quadrant.
S R ={(725)? +(799594) = 308339
T 299 4 '
' ‘ta_na 29969 a= 764
L 725 . - L
@ EMA =~ 103.5(1.8) - 246(2. 1)~ 33694(3793)+.)l(l 1) e
- ‘=.-872 569kNm ‘ D oo— 725
. V. , : _
¢ :L/\ = 872 29 283m
o R R ;08.339‘ I \
X fromA; T T . ‘teg9e9af
' e . 8S69 L Fieure 4,22
Vo = 8 _ -36— =2912m . ,»_[}"”n{ - '(f’)_
209694 ' C

- Ay Bl is. nuddle thtrd region i.e..from A 1.9 mto 3.8 m. The :esul(am passcs{luouuh
2012 m from A whnch lies W nhm nnddle (lnrd region. cha the des:gu issafe.
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Distance of Dis;'n,'::c Arvea x Area x
(Iou'lponcnt. Arca its C.G. U(‘ (l distance from | distance froni
. . 2e By X v O .
from Ox from Oy [ XN 'y
. (mm?y {inm) (mm) . (‘mm”) " ('m_m"’ )
Smull rectanlge 100'% 50 =5 x 10° _ 105 50 5925 < 107 + 400 x ']“);.&
Big rectangle 1 160 %80 = 128 x10% -} 40 s0° ) yazr 0 +1024x 10%
Circle _ e 20% 2 - 1257 % 107 105 g0 | e ! - 10056107
) | bista,ncc of l)“‘g‘j_t:l;?:c © - Area x Area x| )
Component - " Aréa its C.G. OC (l.“ ‘distance from | distance. from
) from Ox o ) Ox ()y
} . . from Oy -
Circle onx 20?.:-12 57 X w‘ T40 120 =50.27x10° | - 150 sr;ymJ
(Semicirelo |- . - . —ar . R ] |
Semicircle | _:;-ﬂ_xvso‘ =10053x10° |Z70= - 3395) 80 | -341.33x 10" | + 80424 x 10°
I-Moment of L Moment of -
e areas about Ox=| areas-about. |
RAvea= 2334105 ) 513.4 x 10" Ov="  {
' ' ' ' 1976.84 x10% [ -

. : ‘ 84 x 10 '
- ﬁ Tirst nioment of area about O) 1976 ‘)4 % Y = 78 01 mm

X & ,
b Axca ’ .,‘;.34 x 10
a1 3.4 x 10 S
- L Fivst momeht. o( arc3 about Ox 513.4 ] mm = 20.26 mm

P A},Alca o 25‘>4x10‘

O, =78.01 mm, O, = zo.és‘mm

To find the position of YY - o 6

. ;«ut X be the perpendxcular dlstance of the centroid (mm R 2
Q v _ ] | T v]»@A_“"
Then, l§x4x8+l2x4x2+16x4x8 Ry o
16 x4 44 12+16x4 o T T
512+96+_.)19 1120 T B B -
64+ 48+ 64 ;176 636"“ el 7o :'L SR
’VH of the. channel secuon abou!, Y Y A Lo  " R
18
-Sum of the \'II of the r(,(.tanglcs 1 2 and J about Y-Y. o
Flg §

. »1
1yy of rect,dngle 1_-—-><4>< 163+4x16x1 642_1360 33+172 13—15374Gcm

1
IH/Ofrcctangl€2~.-l—2—x1‘7x4‘}+12x4x436 —64591246 976460m

Iyy of mctang,le 3=1 oJ/ 46 Lm
Ly of the rnven qcctlcm =2 x 1 :)37 4(>+ 9/6 46 4051.38 cm?

Answex Iyy 0{ Lhu gnen sechn 4 Oal 88 cm?
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' Sub'%t'imting 2% cos? 0= 2 289 in eqn.

- ::.,Vn‘a,li = r 400

Ttom

g, 3
Solution
The equation of trajeclory is used here.
2
gx
y=xtan§ - —7———
21? cos® 0
9.81 x 2‘)
15=25tan ¢ - - RN
27 costo
9.81 x 140°
15 =140 tan 6 - BT
2u” cos” 6
981 % 20 o
(1) % 140 gives 2 100=3 500 tan 0 - —————x 140
' 20 coscO :
981 x 140° _
x 25

(2) x 25 gives 375=3500tanQ - —F——F—
214 cos (3

~8.75 981 ‘
(49x10 8. vxl()) - 1725

3)=(4) gives =l T T

% cosz()

QUbstztung for 0 in eqn (5), we get u =41, 43 mis

.Answers :

Fig. 5 shows the forces acting on the car.
~Weight and normal reaction ‘are cqual and
: .Ao'pp'o'%ibc' in dircction. Farce on the tyres should .
,bc sum of the forces along the radius:

—"m = 1200 kg, v =125 m/s, r ~4OO m

' 2
1 200
mu _’iilz__;;’L = 46875 N.

fAHSW@r: Force on the tyres =468.75 N.

3

Y

or 2u”cos? 8= 2 289

(1), we. get 0 =35.26°

Angle of projeétion = 35.26°. Velocxty of pro;ochon =4143 m/s

1200\g

RN

Fig. 5
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X
Fig. 6
— - Solution
L. of the rectangle —,:1;- xbh —31‘ x 3 x‘r? -125 m
,of the oc(angle:% R =2x5x3%a5mt
. iy ~ S
’ : 2,2 o2
: n? 3% xs?
B N of the l(_ctanolc w:th r(‘spcct to x flndy axos = b 4.1——- 2 = 56 25m"
To find the location of the punmpal axes-
: Let 01 and €, be the mchxmtxon ot the pnncnpal dxeq w1th the x axis:
S ey 9% 56. 25 _ - 1125
o 1. - :——' Y == "-:'— .
Y_I.'h‘(‘,n? tan 2 0.1 - Il 120 T TE0 1.406
26, = - 54.6° or 305.4? or 6, =152.7°; 9‘2_ 159 7° — 90° =62.7°

The Principle Moment o_f-iriefrtia

©o tmax T




15.b i) Two blocks of weight 1 KN and 2kN are

kept on a horizontal plarie as shown In

Fig.15.b.i. The coefficient of friction between the blocks is 0.25 and that between 2kN
block and the plane is 0.3. Find the minimum force A required to just move the 2kN block

when ( a) the cable is tied to the 1 kN block tightly (b) the cable is removed.

~—=Stand post

2 kN

F—— A

TTrrrrirmrrr’

Fig.15.b.i

-~

iiy A small pulley of radius 100mm is connected to the shaft of an electric motor, A belt

connects this pulley with a bigger pulley of radius 300mm. Contact angle between the

' bigger pulley and the belt is 230°. The maximum permissible tension in the belt is 2000N.

The coefficient of friction p; between the belt

and both pulieys is 0.25. Find the torque

exerted by the belt on the bigger pulley. Also check that y, utilised in the case of bigger

pulley at the time of slipping in the smaller pulley is less than 0.25.

=0
50\

Fig.15.b.1i

40°



14.b.i

oy <[ 29788 o1
=N = 50555

When 1.23 kg is added to 3.75 kg mass, it
moves down. , ’
W=5%x981=49.05N
LF =0:=25-0.15N, +7 =0

a/‘l . 0:/\;':'\ - 24525 = 0 \\ = 2452

'Jv
N

ST - 230 =0.13(243.25)
T —254=36788
2E, =07 +5¢-4905=90
7"+ 35a=49.05

. 24505 - ~ motion
- =25a AI' [ .

'(*——*FA:OJSNA

N4

Figure 11.22(d)

Solving the above (wo cqual.ons

{149.05

Figure 11.22(c¢)

T
I 5a

motion

1

1
49.05
Figure 11.22(¢)

2122620 = 04087 m/s’
/ 504057) #3678 = 47006 N

Therefore acceleration of masses a = 0409 m/ s” and

Tension i string, 7 =47 000 N

[

motion
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—

80°

1 500 x 9.81

—_— ,
Fig 5

Solution
Work done by the force = change in K.E. of the car.

o 1 _ : _ 9 . .
Initial kinetic encrgy =5 X 1500 % 0% - i x 1500 (16.67)2 =208.416 % 10° J

x 1500%0%= 0

NN

Final kinetic energy =
Wark done by the force on the car = work donc by the applied force + work done
by the self-weéight of the car. ' '

=~ 5000 xx+ 1500x9.81 x cos 80°x x
Here, (=} sign is attached Lo the force of 5 KN since it is acling in the direction
opposite to that of motion.

‘Work done =-50001+255523x= 244477

’

Using the principle of work and energy, we get  2444.77x=0- 208416 x 10
X=8525m.

10
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15.a.i

Solution

tleve, the principle of conscivation of momentum is
applicd since there are no external forees acting on the
system i the plane of ‘motion,

Initial momentum of the block in ¥ direction =35 < 15 x cos 35
Initial momentum of the bullet in x direction = 0

Final momentum of the combined uvait in x dircction
A6+ 000 ¢, where v, s the x coamponent of the

velocity of the combined unit alter anpact

Initial momentum of the system in v divection = final momentum of the system in

x direction
or 5> IHxcos 357+ 0=(504) 0,
oroul= .12, 19 ny/s
Initial m(‘)mcnmm of the block iny direction = 5 % 15 x sin 35"

[nitial momentum of the bullet in 3 direction = 0.04 %500

Fimal momentum of the éombined umt in v direction = 5.04 x v, wheve e, s the y

component of the velocity of the combined univ after umpact.

Initial momentum of the system in v divecoon = final momentum of the system in
¥ direction.

or  5x15xsm35%4 0.04 %500 =501 <0 or w.= 12HmIS

j : [y : N .
Velocity of the combined unit after mmpact = \ «u_‘_)l tel o7 V12397 0 12.5)
17.46 m/s

Inclination of the {inal velocity with x axis - tan’

Answer : The velocity of the combined unit after impact = 17.46 m/s making an angle

“of 45.7° counter-clackwise with v axis

11



15.a.ii

To find the velocity of the ball before impact
v=y2gh =14m/s
To find the velocity of the ball after impact

v=—42gh =—11.29m/s

Coefficient of restitution between the ball and floor

_ velocity of the floor afier impact — velocity of the ball afier impact 0.806
velocity of the ball before impact —velocity of the floor before impact .

~ ‘Successive rebound of a body

_velocity of body after impact v

e= =
~ velocity of body before impact v,

V2et,

 Expressing e in térms‘ of height, € = :
_ »p g , | g lng

2eH, _H,

o S 2
© Squaring both sides, € = =
Sauanng ST T 2eH  H

- This equation can be written for any number of rebounds.

B . . 2. 1{] ) 2 1{2 S .
For the first rebound, € = —f“[— For second rebound, € = F’ where H; is the

E _height of rebound after the second impact and Hy is the height of rebound after first

B ‘ih’j'p‘éct.

12
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N | [ kN
—=—Stand post
Cable .
LN P
] 2k A
| T f
Y ) .
(@) b)
Ny
3N -
Fy
2 &N TT7T) TITHTTIT
- N o N
' - ) . e 18 (d)-
Solution ' o B
Equlhbnum of 1 kN block _
Let T be the* tensmn m the cable: The free-body diagram of 1. ~kN block is shown in
Fig. 18 (b) When' the 2 kN block is just moved to the right by a forée A, 1 kN block
moves to the. left since it is tied to the cable. Hence, the friction bctwe,cn the fbluck%
- acts to the nghL thus _opposing the ]eftwa«rd ‘movement of 1 kN block
— | LF, Fl—T 0 .o Fy=T LF,=N;~1kN=0 or Ny=1IN
[‘1 = u N, = O 20 x1 kN = O 25 kN . Tension in the cabl"c" T :F1 =0.25 kN
_Lquxhbnum of 2 kN block _ o
The (ree-bhody: dlagrum of 2 kN black is- %hox\ noin Mg 1’\ (193 'l’hc frmnon belween:
‘the two blocks acts opposite Lo the direction. of motion. Incu(m bt,t\\eun the 2 kN
blocl\ dnd the planc aiso _opposes motion. ‘
AFI FzﬂOOrA Fl F,‘ o
_ s*p' N—‘)l\N:() or Ng =Ny zm\*'_ld 2 AN =S KN 0 1\' =1kN)
But F, -0&\<N2--()3x'3kN-()‘H\N CASFy 4+ Fy=025 kN +0. 90{<N_1 15 kN |
,Value of A m Lhe absence of the cable (l 1w 18 d; ' ‘_ S
' '31«,\‘ and A= [‘ But = 51X3l\\ =0.3 %3 kN . A-—:F:O(JkN
'_Answers _ » S '
" (i) The min‘imu'm fo'x'(':c -A i‘ﬂ_qu.i.:"cd to- jusjt; m_-ovo the 2 kN Vb{(jck with the cable is
» 115 kNS : o
N (i) The 1 minimum [’orce A roquued to’ JUSt move the 2 &N hloci\ vuthout the cablo
~ is 09 kN: - -

13 -



15.b.ii

- ' ]t/ X)\ \ 200N
4()“

(at

Solution (Fig 28; )

Resistance o shipping depends on (he angle of contact. Here, gt s the <ame fur botls
the small and big pullevs. The contact angle barweenw the belt and the bigger pulley
s 230° Contacl angle between the belt -and the smallar pulley s 907 ¢ 407 = 1307
Hence, slipping with occuy only. in the smaller pulley since the angle of contact of
the beli is less in the case of smaller pulley.

Su. tension in the belt on the resisting side is to be caleulated o respect of smaller
pulley. .

oy “

ogy Ty log o Ty =0, 404;\ Ty = 2000 N, ~ 025, 00 =130" 7 -
tog g 2000 log T = 0.434 x .25 x 2.27

logyo Ty ~3.30 0246=3.054 or T;=11324 N

Torque cxerted by the belt on the bigger pulley -

Torque exerted (7, T <= (2 000 11324 < 0.3 Nom = 260.28 N in

W hon a belt connects Lwo pu”c,v\ «l)ppnv will oceur first onlv i’ the ;xu!((\ “with

\\Inch (,()nLdLL angle of the h(ll It less.

Lty ut‘xvh_scd in the bigger pulley when slipping: oct;ili's.'ixl_ the smaller pulley
Contact angle of the bigger pulley =230
o leg T, - logy, Ty 0434,»“\ X .
Ty=2000N, 7 =1 1324, «=230°(4 radians), p =
log 2000 = log g1 132.4 :»'0.434 i x A

330 3.054 2
0246y

e =m0 a0 vt T 0434w 4

Answers: ‘ _
(it 'I‘()I_?«;;uQ_cx‘m‘tvd Ly the belt km_.'lh(: bigrer pulley =260.28 N.m
(1) Coeflicient of friction of the bigger puilley ulilized is only 1.342 as against 0.25.

14



