THEORY OF MACHINES TEST 3

Number of Questions: 25

Directions for questions I to 25: Select the correct alterna-
tive from the given choices.
1. Whitworth quick-return mechanism is obtained by fix-
ing which link of the given slider crank chain.

(A) Link 1 (B) Link 2
(C) Link3 (D) Link4

2. What is the maximum transmission angle of the four
bar mechanism when the link ‘d’ is fixed. The lengths
of the linksarea=4cm,b=7cm,c=6cmand d =

8 cm.

(A) 134.62° (B) 45.38°

(C) 34.77° (D) 124.77°

3. Match List I with List II
List | List i

(A) | Higher pair (1) | Cam and follower
(B) | Lower pair (2) | Piston in a cylinder
(C) | Turning pair (3) | Ahand of wall clock
(D) | Sliding pair (4) | Tail stock of a lathe
A B C D

A2 4 21

B)4 2 1 3

1 2 3 4

D2 4 13

4. A double slider mechanism with the length of the link
AB = 50 cm is shown. What is the velocity of point
B with respect to point 4 when the link AB is parallel
(horizontal) to the ground? The velocity of slider 4 at
the instant is 3 m/s.

* A B
(0] 3 : C
60° 30°
ground
(A) 4m/s (B) Sm/s
() V3 ms (D) 233m/s

5. Aslider on a rotating link has a linear velocity ‘/” when
the link is rotating with an angular velocity ‘o’. If the
link length is ‘7’ then the acceleration of the slider per-
pendicular to the link is the sum of tangential accelera-
tion (r o) and
(A) wv B) 2wv
©) 2rw? D) rw?

6.

10.

11.

Time:60 min.

The faces of a gear with cycloidal profile teeth is of the
form

(A) Hypocycloid

(B) Rectangular parabola

(C) Epicycloid

(D) Involute

In a reciprocating compressor the force exerted by
the crank is 72 kN and the force exerted by the pis-
ton is 100 kN. What is the mechanical advantage of the

compressor?
(A) 1.389 (B) 0.389
(C) 8.334 (D) 0.72

The length of the driving crank in a crank and slotted
lever mechanism is 90 mm and the distance between the
fixed centers is 250 mm. What is the ratio of time taken
for forward stroke to the time taken for return stroke?

(0]
A) 1.71 (B) 1.51
(©) 1ol (D) 1.91

Mitre gears are form of
(A) Helical gears (B) Spur gears
(C) Double helical gears (D) Straight bevel gears

The pitch angle of a spur gear is 30° with the pitch
diameter being 60 mm. What is the module of the gear?
(A) 10 B) 5
© 2 (D) 6

A four bar mechanism with the lengths as shown in
figure has the input link 4B rotating at 30 rad/s at the
given instant. The instantaneous centre /7, is 40 cm
from point 4. What is the angular velocity of the link
CD?

40 cm C
B 8 4 35cm
10cm /o
1
A D
60 cm
(A) 12 rad/s (B) 7.5rad/s

(C) 15rad/s (D) 10.5rad/s
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12. In a planetary gear train, gears 4, B and C have 20, 40
and 80 teeth respectively. What is the speed and direc-
tion of rotation of gear B when the gear A4 rotates at 200
rpm? Internal gear C is fixed.

(A) 40 rpm, clockwise
(B) 40 rpm, counter-clockwise
(C) 80 rpm, clockwise
(D) 80 rpm, counter-clockwise

13. Two involute gears 4 and B mesh with one another with
the centre distance between the gears as 400 mm. The
ratio of speeds of gear 4 to gear B is 7:3. If the module
of both the gears is 4 then the numbers of teeth, of gear
A and B respectively, are
(A) 140,60 (B) 100, 100
(C) 60, 140 (D) 120,80

14. A flywheel has a kinetic energy of 700 kJ when the fluc-
tuation of energy is 500 kJ. What is the ratio of maxi-
mum speed to minimum speed of the flywheel? (mean
speed is the average of maximum and minimum speeds)
(A) 1.34 (B) 1.39
(C) 149 (D) 1.43

15. Flat strips of 200 mm wide and 30 mm thick are cut
using a shearing machine. The flywheel of the machine
has speeds 150 rpm and 90 rpm before and after the
cut respectively. The flywheel has to regain its speed in
2 seconds. If the energy required to cut is completely
supplied by the flywheel what is the torque to be applied
on the flywheel? (Work required to cut 4 mm? of area
is 30 kJ)

(A) 14323.94 kN-m (B) 7161.97 kN-m
(C) 3580.98 kN-m (D) None of these

16. The turning-moment diagram of a single-cylinder, four-
stroke gas engine is given. At which points is the slope
of the speed curve will be zero, if PQ is the mean torque
line? (Assume that there is uniform resistance to rotation)

T
P a o C\/j e\/f 9 Q
t t t t t t 0

0 /2 m 2n 3n %n 4n

17.

18.

19.

20.

21.

(A) a,c,eand g (B) b,dandf
(C) a,b,c,fand g (D) a,b,c,d, e, fand g

A single-cylinder, four-stroke, single-acting gas engine
of fuel consumption 409.6 kg/hr has the coefficients
of fluctuation of energy and speed as 2 and 1.5 x 1072
respectively. The difference between the maximum and
minimum speeds of the flywheel is 40 rad/sec and the
mass moment of inertia of the flywheel is 7680 kg-m?.
What is the indicated specific fuel consumption of the

engine in kg/kJ.hr?
(A) 10° (B) 10°
(©) 10° (D) 10°

What is the mean kinetic energy of a flywheel with
fluctuation of energy and coefficient of fluctuation of
speed as 8000 kJ and 0.25 respectively?

(A) 16kJ (B) 32kJ

(©) 16 MJ (D) 32MJ

A flywheel gives up 20 kJ of energy in reducing its
speed from 150 rpm to 130 rpm. If the fluctuation of
energy is 30 kJ and the mean speed is 100 rpm. What is
the coefficient of fluctuation of speed?

(A) 0.42 (B) 0.042

(C) 0.0042 (D) 4.2

An inverted slider-crank mechanism has the lengths AB
= 100 mm, BC = 100~/3 mm and AC = 200 mm. The

crank 4B rotates at 50 rpm. What is the relative veloc-
ity of the slider B with respect to the rigid link CD?

/. 7.

(A) 0.907 m/s (B) 0.523 m/s
(C) 0.785 m/s (D) 1.0471 m/s

Four gears are meshed such that the sum of the diam-
eters of the gears 4 and B is equal to the sum of diam-
eters of C and D. The numbers of teeth on gears 4, B
and C are 20, 60 and 50 respectively. All the gears have
same module. If gear 4 rotates at 300 rpm clockwise,
what is the speed of rotation of the gear D?




(A) 1500 rpm
(C) 33334 rpm

(B) 750 rpm
(D) 166.67 rpm

. The maximum fluctuation of energy of a four stroke

engine is 30 kJ. The speed of the flywheel is to be kept
between 245 rpm and 240 rpm. What is the mass of the
flywheel when the radius of gyration of the flywheel is
1.25 m?

(A) 1444 kg
(C) 207.75kg

(B) 1316.7kg
(D) 722kg

. Which of the following is true in the case of two spur

gears meshing with each other.

(A) The number of revolutions made per minute is
same for both the gears.

(B) The angular velocities of both the gears are equal.

24.
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(C) The pitch line velocities of the two gears are equal.
(D) The pitch diameters are always equal.

Two spur gears are engaged with the angles of approach
and recess as 23° and 17° respectively. What is the con-
tact ratio if the pitch angle is 27°?

(A) 1.48 (B) 0.22

(©) 10 (D) 0.851

. A four bar mechanism has the link lengths 4B =15 cm,

BC=5cm, CD =6 cm and D4 = 3 cm. What type of
mechanism is produced by fixing the link DA?

(A) Crank-rocker

(B) Rocker-rocker

(C) Double crank

(D) Mechanism is not possible

ANSWER KEYSs

1. B 2. A 3. C 4. D 5. B 6. C 7. A 8. C 9. D 10. B
11. A 12. B 13. C 14. D 15. C 16. D 17. B 18. C 19. A 20. B
21. D 22. A 23. C 24. A 25. D

HINTS AND EXPLANATIONS
1. Second inversion of the given slider crank chain pro- = 4. By drawing the velocity diagram
duces a Whitworth quick return mechanism. By fixing
link 2, link 3 along with the slider at its end becomes a
crank. Choice (B)
2. The sum of the longest and the shortest links is less
than the sum of the other two links.
8+4<7+6
The mechanism belongs to Grashof’s class-I
mechanism.
b
As, V, is perpendicular to the link 4B the angle 0 is
c 30°.
a The velocity diagram simplifies to
d
Fixing link ‘d’ (adjacent to the shortest link)
produces a crank-rocker mechanism. Link ‘a’
becomes a crank.
The maximum transmission angle position will be
b(7) " c(6)
a@ g Cos30 =
(8) v,
(a+dP=b*+c*-2 bccos 3
122=7+ 6~ 2.7.6 Cos = v, = =23 mJs Choice (D)
_59 Cos30
Cosp= 84 5. Acceleration of the slider perpendicular to the link is 2
B . ) oV +ro
= p=134.62 Choice (A) Where ra = tangential acceleration
3. Choice (C) 2 wv = Coriolis acceleration Choice (B)
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6. Cycloidal profile teeth are made with faces as epicy- I, 4 40
cloids and flanks as hypocycloids. Choice (C) 0, = o, ﬁ=30 Xﬁ
) Output force * )
7. Mechanical advantage =————— w, = 12 rad/s Choice (A)
Input force
12. 7,=20,7,=40 and 7,.= 80
Output force = piston force = 100 kN -
Input force = crank force = 72 kN Operation Revolutions
100 ' L(@rm) | A B (&
MA :E: 1.389 Choice (A) (1) | Fix arm, 0 +1 T T T
Gear A has 4 —Ax-L
8. +1 rev Ty Ty Tt
A P (2) | Fix arm, 0 X T T
90 Gear A has _x=2 _x—=
B ‘ . B! +X rev TB TC
(8) | Addy rev Y X + y =X T
y T, y-x =
= TC
TB
. TA
0 GearC1sﬁxed=>y—xT—=0
C
Time for forward stroke _ ﬁ 20 x
Time for returnstroke 6 = YTXe0 4
From the trizgz)gle AOB Gear 4 rotates at 200 rpm clockwise
Cos(0/)=—- = o x+y=200
(95)=25g = 01378 e
B=360-0=222.2° T4
p_2222 = x=160=y =40
n="0210612 i x =y
01378 Choice (C)

9. Straight bevel gears of same size and connecting two
shafts at right angles to each other are known as mitre
gears. Choice (D)

10. Pitch angle is the angle made at the centre of the pitch
circle by the circular pitch.

~0=30°="rad
6

tehmpmr 050k 5
pitch=p=r 5%

d d
sp=Sn=n—=—=5
P T 77,'T T

d
Where module = T 5

11. The instantaneous center L, is located as

Choice (B)

24 \
40cm A 60 om

By angular velocity ratio theorem
o, 4=w,l,D

13.

14.

: T, 20
Speed ofgearBls=y—xT =40 - 160 x 40

B

=—40 rpm
Gear B rotates at 40 rpm counter clockwise.
("." we considered clockwise as positive)
Choice (B)
m=4,N:N, =73
+D

. _ DA B _
centre distance 77—400 mm

= D, +D,=800mm
800
= mT,+T)=800=T, + TB=T=200
N, T,
—A——B—Z:>TA =§TB
s I, 3 7
3
.'.7TB+TB:200:>TB =140 = T =60
(T, T,) = (60, 140) Choice (C)
Fl ion of speed = — == ——
uctuation of speed =7 5=

1
Where, E = Kinetic energy = 51 ?

e = fluctuation of energy
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500x10° 5 Tk,* 7680x1.5%x107x8000
=— == = E= = > =409600kJ
2x700x10° 14 k, 2x3
w, -, Indicated specific fuel consumption (isfc)
But k=2 P _ Fuel consumption /unit time
l Indicated power
o T @ |5 fuel consumption/unit time = 409.6 kg/hr
o t+w, | 14 6
isfe= = i
L Bo-3Bo, if 209600 10° ke/klhr Choice (B)
maxspeed _o 33 1435 . 18. E = 8000 klJ, kK =0.25
minspeed o, CY Choice (D) Fluctuation of energy = E =Tk ®°
15. Area of =200 x 30 = 6000 mm? JE L o ll wio s
30 k, 2 2k,
Work required per = 6000 x — = 45000 kJ
4 o 1 8000x10°
-, meanKkineticenergy=7 1 @ 2=————=16MJ
(wl+w2) 2 2x0.25
Mean angular speed =w =
2 Choice (C)
N,+N, 150+90 4 rad) T d
=47 rad/sec = — —
3072 T30 > 19. o, 150><30 rad/s, o 13OX3O rad/s
Energy required for cut = Torque x mean speed 1 ) 1 (=n ?
Torque x 4 1 = 45000 kJ 2010 = 1 (0 —3) =21 | 35| (150~ 1309
45000 )
Torque “Tan 3580.98 kN-m Choice (C) = [=0651.35kg-m?
-~ fluctuation of energy = E=1 k, w?
16. The resisting moment line will coincide with the mean
torque line when there is uniform resistance to rotation. =100 x—— rad/sec
. . . 30
The speed curve of the given turning-moment diagram
will be. 7Y
E.=30x10°=651.35xk x| 100xX—
Speed f s 30
e 9 s k=042 Choice (A)

a c ¢ 20.
’\P/O\ mean speed

d
0
At all the points of intersection the turning moment 10043 200
and the resisting moment are equal therefore there will By sine rule, m= Sing =0=90°
not be acceleration or deceleration at these points. The mn mn ) o
slope of the speed curve at all these points will be zero. <. As the crank rotates the velocity of slider is along
Choice (D) the link CD which is the linear velocity of slider B
17. k =2,k -1.5%10° \;/1‘[2 ;/esp:ect;()) fixed link AC at the instant.
@ - =40 rads, 1 = 7860 kg-m’ TR
k S B N e 40 —Sooorad/s e %nm
T w Tk 15x107 3 =V, =01 x x50 =m/6=0523 ms Choice (B)
fluctuation of energy = £, =k, E =1k o’ 21. Givend, +d,=d, +d,
Where, E = indicated work per revolution of crank = + 1= t + t C. All the gears have same module)
shaft i f 20460=50%1, =1 =30
ke E=1k ® From geometry, N N .
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= N,=166.67 rpm

22. Ef=30 x10°J
Ef=1ks w?=mk. K . ©?

NI_NZ
Here, k=125 m, ks: T , M

_T
30

Choice (D)

N, +N,
2

N,+N, 245+240
N= = 2 =242.5 rpm

2
E =30 x 10°=m x 1.25?

245-240 ( T )2
X| ———— [X| — | X
2425 30

= m=1443.98 = 1444 kg

240+245

2

;

Choice (A)

23.
24.

Choice (C)

angle of approach = o = 23°
Angle of recess =B =17°
Pitch angle =8 = 27°

+B 23417
atp _2B+17_40_) 4
s 21 27

Contact ratio =

Choice (A)

25. AB>AD +DC + CB1ie.,15>5+6+3

C D

4

/

B A

When the length of one link is greater than the sum of
the other three links it is not possible to have a four bar
linkage. Choice (D)
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