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B.Tech.

Fifth Semester Examination
Dynamics of Machines (ME-301-F)

Mote : Attempt any ffve questions.

(3. 1. The length of the connecting rod of a gas engine is 500 mm and its centre of gravity lies at 165 mm
from the crank pin centre. The rod has a mass of 80 kg and a radius of gyration of 182 mm about an axis
through the centre of mass. The stroke of the piston is 225 mm and the erank speed is 300 rpm. Determine
the inertia force on the crank shaft when the crank has turned {a) 30° and (b) 135° from the inner-dead cenire,

225
Ans. Lenzth of stroke =L= ?-1"-' b
Centre of gravity =165mm
i.cngth of the connecting rod 1= 500 mm
Crank radius F=0.1125m
Radius of gyration Ky =182 mm
Mass of rod M, =80kg
Engine speed N =300R.PM.
InN 2rx300
W= =T = {0r = 314rad /s
i il
We know that the distance of C.G. from P.
I =1-CG

=500-165=0335M

Inertia Foree at 30°

0335 2 cos2 = 30
= x80|314° =] e S
[.sm} ] | ES[cusBﬂ‘ 5 :|
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Aons
ro 1125
= 66351494

Inertia forceat 1357

- [“'335 . au]x 314% %0 iES[c-asl}S +M]
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= =423 98N (reverse direction).

(). 2. A machine shaft running at an average speed of 340 rpm. requires a constant torque of 1400 N-m
during two revolutions and constant torque of 400 N-m during the next three revolutions, this cycie being
repeated, His to be driven directly by a constant torgue motor, Find the H.P. of the motor required and the
moment of inertia of a fly wheel in order that the total luctuation of speed will not exceed 5 % of mean speed
w hich is 300 rpm.

Ans, Griven . N =540 r.p.m.
y 2aN 2wx 340 .
oy = e = R0 — 35 6mad /s
&0 Lth]
400 =1 cmMym
1600 & K
B C
1 40H)
| 2014
800 +
A D _
400 E
- F
0 In 4= (314 in 10w 12 l4m

Vorque required to complete on cycle,

= 3Im =400
400+ 1400 ;
Mhean torgue = = SOOMN - m
Power required = Tpean # 0 =900 % 356
= 32040W
i =32 0dkW
Coelficient of Fluctuation . +5%%
. g —thy
Ce=—"——==10=101
LR
. ; 2aM
Powver of Electric Motor =Ty * -(;I!‘}_
' " GO0 = 2w 300

= 2827433
L]
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=282T4KW.

(). 3. A shafit carries five masses A, B, C, Dand E which revolve at the same radius on planes which are
vipuidistant from one another. The magnitude of the masses in planes A, C and ) are 50 kg, 40 kg and 80kg
respectively. The angle between A and C is 90° and that between C and D is 135 Determine the magnitude of
the masses in planes B and F and their positions to put the shaft in complete rotating balance.

Ans Liven my =50, my =7 mg =40, mp, = 80kg
T =Ty =Fo=ry=I
| ABC =90° | COD =135° ’
- I’I.m; Muss Eccentricity | Centre force - W? Distance Couple + W1
() () kg (rim {mr) kg-m from plane +W? (mrl)
2) (3) (4) A(hm(5) kg-m? (6)
-_Ie 1) 4 r Sty v ]
iy, r Ml r mpr!
fid | dlir 2 Bl
| W r By 3l 2401l
: | r mgr a 4 mgr

A
le

[119s

|3

Frraw as discuss below!

5l

| Draw vector o' b in horizontal direction,
lem=40

CD=7Tcmx40=308

mg = T7Tkg

E
4
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. 1350 90°

e il OA

D
). 4. (a) Explain the direct and reverse crank method of determining unbalanced forces in radial

cnines.

Ans. Balancing of Radial Engines (Direct and Reverse Cranks Method) :

C .rr \‘. \
n o Direct crank
P Il %
1 a |
— £ e : +
m : . 9 J’
\\‘ ] K
C‘ -._.--.{

Reverse crank

I'he method of direct and reverse cranks is used in balancing of radial or V engines, in which the connect-
i rods are connected to a commaon crank. Since the plane of rotation of the various cranks is some, therefore
there 15 no unbalanced primary or secondary couple.

Constder a reciprocating engine mechanism as shown in fig. Let the crank OC (known as the direct crank)
rotates uniformly at W radians per second in a clockwise direction. Let at any instant the crank makes an angle
i) with the line of stroke OP. The indirect or reverse crank OC' is the image of the direct crank OC. When secn
through the mirror placed at the line stroke.

Q. 4. (b) The pistons of a 60° twin v-engine has strokes of 120 mm, The connecting rods driving a
common crank has a length of 200 mm, The mass of the reciprocating parts per cylinder is 1 kg and the speed
of the crank shaft is 2500 rpm. Determine the magnitude of primary and secondary forces.

Ams. Given 2o =607,

m=kg, r==-21:=g-g-g=lﬂﬂmm=mm

N =2500 rpm

o 27N _ 2mx2500
60 60

=26179rad/s
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Resultant Primary Force:

Fp = gmmzwil{tmz.ﬁmsﬂf + (sinz a.sinﬂ]z

"

= 2.n1.ns:.r‘.'.|:cusz I0cos i_'!'t]2 +||:‘.ii'l.'lz I0cos E}z

i f( Jeosf ]: i'fsinﬁ]:
= 2muwTr.l +
W4 L

4

A ximum Resultant For:
m o2
F; = V2 =0 rsin20
n

I his 15 maximum when sin 20 is maximum
' sin20 = +1 8 =45 or 135°

Fﬁm[“ = ‘llr:'_-' L{Iﬁl.?g}z £ (ﬂ,”_l

n2
0l
=4846.08N
(). 5. (a) Define and explain the following terms relating to governors :
(i) Hunting {ii) Isochronism
(iii) Stability (iv) Sensitiveness

{v) Height.

Ans. (i} Hunting : A governor is said to be hunt of the speed of the engine fluctuates continuously above
and helow the mean speed. '

(ii) Isnchronism : A povernor is said to be Isochronous when the equilibrium speed is constant for all
radii of-rotation of the balls within working range, neglecting friction.

(iit) Stability : A governor is said to be stable when for every speed within the working range there is
definite configuration,

(iv) Sensitiveness : Speed increases or decreases by a certain amount, the lift of the sleeve of governor A
is greater than the lift of the sleeve of governor B. It is then said that the governor A is more sensitive.

(v} Height : It is vertical distance from the centre of ball to a point where the axes of the arms. Interact on
the spindle axis. 1t is usually denoted by h.

Q. 5.(b) A governor of the Hartnell type has equal balls of mass 3 kg, set initially at a radius of 200 mm,
The arms of the bell crank lever are 110 mm vertically and 150 mm horizontally. Find : (i) The initial
compressive force on the spring, if the speed for an initial bali radius of 200 mm is 240 rpm. and (ii) The
stiffness of the spring required to sleeve movement of 4 mm on a fluctuation 7.5% in the engine speed.

Ans. Given !
m=3kg, x=110=1lm,y=150mm=.15m

Ny =240rpm
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2aN 2= 240
] | I em— >
a0 6l
a2 =1075x2513=2701rad /s
We know that centrifugal force at minimum speed.

=2513rad/s

5 el
Foy =mlw)" =n
= #(25.13}%.20}: 3789N
te, =2[(27.01) x204] = 44647N
{1} Initial Compression :

S, 55572
5 1816

=30556 MM |
{ii) Stiffness of Spring :

mg =5 =2Fg, xi

oIl
§ =2x1789xi) ’
AT .

=585572N
And maximum,

X

011
S5 =2 x 44647 = 5

= H54 82

. 0.
h=(ry - n}% =(0.204-2) ilf =545%1073

g S2-8 _ 654825557

h 54%1073
= 18.16N/mm.

). 6. (a) Explain with necessary sketches the working of a well known type of hydraulic dynamometer.
What are the reasons for its popularity?

=18168.33N/m

Ans. Hydraulie Dynamometer : Tesla Nuid friction dynamometer : The viscous resistance of fluid is

made use of for reducing the speed or prime mover. The comresponding viscous resistance having determined,
the output is found.

In the fluid dynamometer; a polished, brake dis, mounted on the revolving shaft of the prime mover is
enclosed in a casing, The space between the disc and the casing is partially filled with viscous liquid.
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Wheel cylinder

Leading
shoe
Trailing shoe

Brake shoe

Brake drum

Suppose the viscous surface, shear siress on this ring,

du
o= H—
dy
Area of ring ={2mrxdr)= [2 for both :iidi.“s]
du
Shear resistance =dF=u E w dmrdr
du
Brake torque dTp =p S dmrdr « ¢
du

= | — 4m‘1dr

For entire disc,
T = [dTy
Biake power or output power = Tw .

(). 6. (b) In a vertical belt transmission dynamometer, the diameter of the driving pulley rotating at 1500
rpm is 80 mm. The centre distance of the intermediate pulleys from the fulerum is also 80 mm™ each. The
weighting pan on the lever is at a distance of 250 mm. Find the power transmitted when a mass of 20 kg is
required in the pan, including its own mass.

Ans. M = 1500 rpm

Suppose d = diameter of each of the driven and intermediate pulleys

a=-§—+£=d=3ﬂmm

L=230mm
D = diameter of driven

=d+d+d=3x80=240 mm
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.. WL
1]—12:¥

b R
20%230 _ 51958

= =T =23

Brake output power,
!

C =T =Ta)v :
B 20N Exlﬁ?ﬂ_fﬂ.ﬁd

- = e
&t ]

L AR RIRRY . qraniity,
il
). 7. () What do vou understand by gyrascopic couple? Derive a formula for its magnitude.
Ans. Gyroscopic Couple : Since the plane in which the disc is rotating to the plane YOZ, therefore it is

called plane of spinning
The horizontal plane XOZ is called plane of precession and OY is the axis of precession,

Let 1 =Mass moment of inertia
= Anzular velocity

Angitlar momentun of the disc

=l
~71 Plane of
Pland or | active gyro couple
Ya " Spining | =
Eemm———— "" ' 1
| 5 I
Ei : # . 4 Il
.—".xisul'l i #qu...---_]_...___,
precession : o Plake of ,*
| s  preyessioh
| e
i ¥ .
== St Direction of
X viewing
Z Disc
Axis of reactive
gyro couple

Change in angular momentuin
= OX'-0x = xx'= Ox86

. = lw&f

And rate of change of angular momentum
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= lw "
dt
ikl da
C= Litlop—=lw—= !mwp_
F e ] dt

(). 7. (b} Each paddle wheel of a steamer have a mass of 1600 kg and a radius of gyration of 1.2 m. The
steamer turns to port in a cirele of 160 m radius at 24 km/hr, the speed of the paddles being 90 rpm. Find the
magnitude and effect of the gyroscopic couple acting on the steamer.

Ans, Ciiven m= 1600 kg
k=12m
N =00,
e iy SRR g il
6l 60
R = 160m
v=24km/ hr

W knowy that moment of inertia,
I = mK? = 1600x (12)"

=2304kg—m>
And anzular velocity of precession,
v 2 3
—=——=015rad/ sec
R 160
We know that gyroscopic couple,

Wp =

'C = I.H.'Il.f.l.!i:l
=234 = 42 <015
=325535N-m
=3255KN-m,
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