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B.E/B.Tech ( Full Time ) ARREAR END SEMESTER EXAMINATIONS, APRIL / MAY 2014

COMMON TO ALL BRANCHES
Semester Il -

GE 9151 & ENGINEERING MECHANICS
(Regulation 2008)

Time: 3 Hours ' Answer ALL Questions Max. Marks 100
PART-A (10 x 2 = 20 Marks)

1. The figure represents the principle of transmissibility.
The principle of transmissibility states that the conditions of equilibrium or motion of a rigid
body will remain unchanged if a force F acting at a given point of the rigid body is replaced
bv a force F’ of the same magnitude and same direction, but acting at a different point,
prowoed that the two forces have the same line of action

fig 1

2. Moment of the 250-N force on the handle of the monkey wrench about the center of the
bolt = - 250 cos 15° * 200 + 250 sin 15°* 30 = - 46.355 N.m - ANS

250N

3. The balanced teeter-totter (seesaw) signifies that a body is in equilibrium when the
.moment of all the forces acting on the body is zero. The moment arm of the heavier
person is shorter than the moment arm of the lighter person. However the moment of
these forces about the point of support is equa! and opposite thus resulting in a
balanced teeter-totter.
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fig 3
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The equwalent force system of these forces at point B as shown in the figure.
Answers:
(a) Force P (towards right),
. Moment V3/2 Pa (clockwise)
(b) Force 4V3 P (upward),
Moment 3V3 Pa (anticlockwise)
(c) Force P (towards right), = ANS
Moment 3V3 Pa (anticlockwise) '
(d) Force P-(towards left),
Moment 3V3/2 Pa (clockwise)

Parallel axis theorem used for finding the moment of inertia of an area.

I=T+ Ad®

This formula expresses that the moment of inertia I of an area
with respect to any giver axis AA” is equal to the moment of inertia I
of the area with respect to a centroidal axis BB" parallel to AA’
plus the product of the area A and the square of the distance d -
between the two axes. This theorem is known as the parallel-axis

Volume V of the solid generated by revolving the 60-mm nght triangular area through
1 80° about the z-axis.

Vj‘-;'3'f?_jf;f&,',,’f";,7§3,o + H60)JZ(60)60] = 2.8310) mm® 3 ANS
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If the car decelerates uniformly along the curved road from 25 m/s at A to 15 m/s at C,
determine the acceleration of the car at B. '

Tangential acceleration, a, = dv/dt = (dv/ds) (ds/dt) = v (dv/ds)
Since car decelerates uniformly, a; is constant.

a,ds = vdv ' A

Integrating betwéen the points A and C, a; (s¢ — Sa) = %2 (Vo2 — VA2

vE = vy + 2alsc — S4) .
(15m/s)? = (25m/sf + 24,300 m — 0)
a, = —0.6667 m /s |
wp =0} + 2a,(sp — s4)
vh = (25 m/s)’ + 2—0.6667 m/s*}250 m — 0)
vy = 17.08 m/s
vp (1708 m/s)

(ap)e = T T30m 09722 m/s?

ay = \/(aﬂ)rz + (an) o
= V(-06667 m/s?)’ + (09722 m/s%)?
118 m/s® | ' ARS. 3 NS
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Conditions under which the motion of a projectile is parabolic:

’(|) The air resistance is neglected

(i) The acceleration due to graVIty is constant and does not vary with altitude.

The cyiinder shown is of weight W and radius r, and the coefficient of static friction ps is
the same at A and B. If the cylinder is in equilibrium, draw the free body diagram of the
cylinder.

fig 7

. fu fe
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Angle of repose
The value of the angle of inclination correspondmg to impending motion is called the angle

_of repose. Clearly, the angle of repose is equal to the angle of static friction ¢s.

Part — B {5 x 16 = 80 marks)

Two soccer players approach a stationary ball 10 m away from the goal. Simultaneously, a player on
team O (offense) kicks the ball with force 100 N for a split second while a player on team D
(defense) kicks with force 70 N during the same time interval, Does the offense score (assuming the
goalie is outside the range of the goal).



fig 8

12. a) The special purpose milling cutter is subjected to a force of 1200 N and a couple of 240 Nm as

shown in fig. 9. Determine the moment of this force couple system about point O.
(10)

S
/;:.-?'\ 5

el
250 mm
- o

fig 9

240 N-m

R = 1200 sin 30° j — 1200 cos 30° k = 600 j — 1039.23 k > Ans

Mo =-600*0.25i+600* 0.2k +1039.23*0.2j+M



=-150 i+ 120 k + 207.846 j + 240 sin 30° j ~ 240 cos 30° k
=-150i + 327.846 j— 87.846 k > Ans

[OR]
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Sotution. The a1
VNN ad therefor Yot be analy zed i al <pace sys-
Lo The free-body diagram s drawn, where the ving re 1 1% shown
in termas of 1ts cwo compenents. All unknowns except T may be eliminated by a
moment sum ahout the line AL The direction of A3 ig specified by the unit
veetor o= -—~_1_~—14J| + Gkt -
_ C62 + 4.52 ) . _
is the component in the direction of AR of the vector moment about the point A
and equals r, x T-n. Shmilarly the mdment of the applied load F about AR is
46.2 m, the vector expressions for T, F. vy, and ry are

ar alenes of

-~

(23

+ 4k}, The momeni of T about A}

Tt (2«25 -6k F=2kN

¥, o=~ +25im Iy = 2,51 + 6km

The moment equation now becomes

[EMup = 0] (=i + 25} %~ (21 + 2.5) ~ 6K)-1(@) + 4k)
: /462 :

+12.51 + 6K x (253 + 4k = 0

Completion of the vector operations gives

= w20 =0 T = 283kN Ans.

_ and the components of T" become

T,=0833kN ~ T,=1042kN T, =-250kN

We may find the remaining unknowns by moment and force summations as
follows:

(5M, 0] 2025) - 458, - 10423 =0 B, = 0417 kN Ans.
[EM, = 0] 458, - 26) ~ 1.042(6)= 0 B, = 4.06kN  Ans.
[ZF, = 0] A +0417-0833=0 A, = -1250kN Ans.
(LF, = 0] A, T2+1.042=0 A, =—3.04 k?\ Ans.
[ZF, = 0] A +406-250=0 A, = —1.556kN Ans.



BofNo The plate b made of steet having o d

P51 ke U I the thickness of the plate is 10 ponc deternnne g

te horivontal and vertical components of reaction at the pin S

Aand the tension i cable 5. '
Differential Element: The element parallel 10 the 3 axis shown shaded in Fig. 7 will be concidered. The B

area of this element is given by .
A = yde = 125948 2

Centrotd: The centroid of the clement is located at 7 = xand F=yi2
Arca: Integrating, '

4m ]
A =J‘ dA :J 1.2599x"3 dn = 0.9449,:4'3E =6m? : ia
A 0 . o

Thus, the mass of the plate can he obrained from
m = pAr = T85K6X0.01)= 471 kg

A a3 m ., dm
J TaA J' x(l.1599;"'~ d:) i 125992 o399
A =20 - =<0 : = 0 =22857m
J @
A

[ 6
Since the plate has a uniform thickness. its center of gravity coincides with its centroid.

i=

Equations of Eqnilibrinm: By referring to the frec body diagram shown in Fig. b,

{wu 4 =0 Fie (4) - 474981 % 22857 = 0 )
: Fae =264027N =264kN - Ans.
:%ZFX =q Ay =0 : Ans.

+ T8, =00 A, + 264027~ 4TH9RD=0

A, =1980.24N = L98KN Ans.

T #71980N § ¥

’:/r ar
i« fig 11 . 2

[OR] _
b) Determine the moment of inertia of the beam’s cross-sectional area about the x and y axes.
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Compaosite Parts: The composite cross - sectional area of the heam can be subdivided into segments as shown in Fig. u. The

perpendicular distance measured from the centroid of gach segment 10 the x axis is also indicated.

Momeat of Inertia: The moment of inertia of cach secgment about the x axis can be determined using the paratle! - axis theorem,

- Thus, .
Ay =L+ Ad))?
= [z(!—’2-(15){:«)03})/r z<15)(300)(0)2]+[:{]—’2-(120)(i53) ]+ 21120)(1'5)(50)2]
= 67.%10° )+ 9.067%10%) = 76.6(10% ) mm* ‘ Ans.
Gomm _éolmm ~Gomm | bomm
5 mm 213, (, —IZmm Smm s} \ » l, fe-15mm
O TERL [l 2 o
150mm e @ " (G
: L4 Y |-50mm [Pomm| 11y J50mm
G'.. 1\(‘( v/,é, 4 ?{ T é
'—-:t \' Z_}_’ ~ / x‘ fa. 2’ ¥ 4= ‘ X‘
& ,;;—50!”7" : | '._f:*—biomm '
150ma . T
S @j 1sommi || X @j
(&) (&)

Compasite Parts: The composite cross - sectional area of thic beam can be subdivided into segments as shown in Fig. a.
perpendicular distance measurcd from the centroid of cach segment (o they axis is also indicated.

Moment of Inertis: The moment of inertia-of each segment sbout the xaxis can be determinied using the parallel - axis ¢
Iy =1y + A
= {{fi{mxxss ))+ A300K15X 67.5)2]*[{?%{15)(120?))4? 1120}{15)(9}2]
= 41.17510%) + 43%10%)= 45.5(10% ymm* Ass

14. a) (i) The two systems shown start from rest. On the left, two 200 N weights are connected by an
inextensible cord, and on the right, a constant 200 N force pulls on the cord. Neglecting all
frictional forces which of the following statements is true?

a) Blocks A and C will have the same acceleration.
b) Block C will have a larger acceleration than block A. = ANS

¢) Block A will have a larger acceleration than block C.
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d) Block A and C will not have any acceleration.

e) None of the above

Justify your answer.

fig 13

Al 200N

Let a, be the acceleration of block A.
Let-ag be the acceleration of block B.
When block A moves to the right by x4, block B moves down by yB

XA~ YB

Differentiating w.r.t. time
VA = VB

Differentiating w.r:t. time
ap=ag . (1)

" Let T be the tension in the cable

A P—>T
2Fx=m.a,
T =(200/9.81).as = (2)
2Fy=m.ap '

W= T =(200/9.81) ag

Substituting from eqn. (1), 200 — T = (200/9.81) a,> (3)
Substituting from eqn. (2), 200 — (200/9.81).a4 = (200/9.81) aa

9.81 =2a, =» as =4.905 m/s?

Let ac be the acceleration of block C.

- ZFx=m.ac
T =(200/9.81).a¢

200 = (200/9.81).ac = ac=9.81 m/s>
Thus Block C will have a larger acceleration than block A. =» ANS

T = 200N

-4 200 N

- (®)

VW =200N
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Sofufion. The [orce registered by the scale and the velocity. both depend on
the acceleration of the elevator, which is constant during the interval for which

the forces arc constant. From the free-body diagram of the clevator, scale. and
man taken together, the acceleration is found to be

[LF, = ma] 8300 — 7360 = 750a, a, = 1257 m/s*

The scale reads the downward force exerted on it by the man's feet. The equal
and opposite reaction R to thig action is shown on the free-body diagram of the
man alone together with his weight, and the equation of motion for him gives

[EF, =ma ] R — 736 = 75(1.257) E = 830N Ans.

The velocity reached at the end of the 3 seconds is

.

s g

[Ap = J a dt} v 0= j 1.25%7 dt = 3.77 mis ‘ ' Ans.
: 0. :
(8)

fig 14

750(9.81) = 7360 N
[OR]



fig 15
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Solut iQn :

Il

Guesses 80 = 70deg = 6p =13deg At = 25 o fr=1s

’ . . —o A o
Given d = vgcos{Bo)r 0=-—1 +vp sin{ 6} 1

. C . -g, 2 VR .
d = vgcos(p)lz — ar) 0=— (r— 4t)" + vosinf gp)lr - 4r)
8

o | o (6 (75313
= Find{8¢. Op .1, Ar) 1=1972s Ai=1455s =1 deg
‘ | / - o Lop)  \14.687

Ar
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Cd Fy slee = M =)

D> 2Rcosn + QMR Slne = W

ar [ core # prime = W
8= 30°
LR oz N

fig 16 : CoE

Roblon (D o o 3 fore vmemmben -
Tt will be i~ %M‘,@Q,xw/ F the 3 fors one comeunnedl
The weight, W omd "t neoclion from e ground for troug L$ ;Dt'.-D.
- Resultond neaclion o ft - A of te vovormal Axw- By amd
-, friction fore Fa sloudd obso po ﬂfw@»“’ Pt o

@’TLL A%uzg}{.o\»—j Y/\ﬁm W,b/, O M%ﬂ (s w‘r’i ‘(’:‘{{4 woimad

- —t’z;__—#;_f /‘-S:.‘t&»«cp = Tan 1S°
L Ms T o0 868 > ANS

[OR]
b) Determine the range of cylinder mass m for which the system is in equilibrium. The coefficient of
friction between the 50-kg block and the incline is 0.15 and that between the cord and cylindrical



| support is 0.25.

Wsin6

W cos 6
W =490.5 N

Let T be the tension in the cable. ‘
TFy=0 = N =W cosd = 490.5 * cos 20° =460.919 N -> (1) -
CASE1 ' :

When the block is moving up, friction force acts downward.
ZFx=0=> T, -Wsinf-f=0=>T,-4905 * sin 20° —uN =0
Ty —167.76 - 0.15 * 460.919=0 > T, =236.9 N '
CASE 11

When the block is moving down, friction force acts upward.
SFx=0=> T - Wsinf+f=0=> T;=98.622 N

B=110°

Tz

CASE I: When The block moves up the inclined plane, T is the slack side, T is the tight side.
[% = e”‘ﬂ] D T,=T, " =236.9 * 0257110180'1) — 385 83 N
1 .

CASE II: When The block moves down the inclined plahe, T, is the slack side, T} is the tight
side : S :

[? = P } S T,=T,/e"=98.622 /025 NI — ¢1 027 N
2



SFy=02 W=T;=2T,=> 9.8Im =2T,

CASE I:
9.81 m=2%382.83 3 m = 78.05 kg - T3=2T,
CASE II: ' . 2T,

981 m=2%*61.027 = m=12.44 kg

12.44 kg <m < 78.05 kg 2 ANS

J'W =9.81m



