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B.E.
Sixth Semester Examination, Dec.-2009
Dynamics of Machines(MEIR2E

Mote @ Attempl any fhre questions.

(). 1. Tiae 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 crank speed is 300 rpm. Determine
the ineriia force on the crank shaft when the erank has turned (a) 30" and (b) 135° from the inner-dead cenire,

225
Ans, Length of siroke =L=23-r= =
Centre of gravity =165 mm
Lumgth of the connecting rod [ = 3 mm
Crank radius r=0.1125m
Radius of eyration K, =182mm
Mass of rod M, =80kz
Engine speed N=300R.P.M,
2aN 2n =300
G = ———— = — — = |l =314rad /s
ilh] i1

W know that the distance of C.G. from P.
I, =1-CG
= 500—165=0335M
Inertia Force at 30°

F =[mﬂ AL _LL] % Mf]«uz.r[cosﬂ+ cnslﬂ]

n
0335 1 cosd = 30
= B0 3147 =<0, 1 —_— -
[jﬂﬂ x ] =1, |25[cu::30‘“+ 5 :|
A 288
r 1125
= 6635140 N

Inertia force at 135" ;

0,
1[ 315 xﬂﬂ]ﬁjf}l.d: xu_u:s[mslasﬁuw]
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= 420398 N (reverse direction).

2. 2. A machine shaft running at an average speed of 340 rpm. requires a constant torque of 1400 N-m
ilnring twa revolutions and constant torque of 400 N-m during the next three revolutions, this eycle being
repeated. 1t is to be driven directly by a constant torque motor. Find the H.P, of the motor required and the
moment of inertia of a fly wheel in order that the total Muctuation of speed will not exceed 5 % of mean speed

w hich is Ml rpm.

A, Ciiven N =340 r.p.m.
2aN  2ax340
= 2 Ap o = 356rad /s
all 60
A = 1 emNym
Ay L
3 C
16
1200 4
500 +
A D
=T E
F
L Ix 4n 6 fa 10n 12n I
Forgue regquired to complete on cyele,
= 3m = 4K}
400+ 1400
Mean torgue B SOOMN =m
Power required = Topeqn * @ =900 356
= 32040 W
= 3204k W
Coefficient of Fluctuation | +5%
Ce =222 _jg=0l
’ W
P Electric M ; AP
. : = b = W, e
Power of Electinic Motor m e
9 2r = 300
< IMAIXXIN._ vera gy

60



Downloaded from http://studentsuvidha.in and http://studentsuvidha.in/forum

=2E2T4KW.

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

Ans, Lanvedl my =50, mp =7 mg =40, mp =B0kg
fa=M=N=Tp="¥

| AQC=90" | COD=135

= :
Phan Mass Eccentricity | Centre force = wi Distance Couple + W?
th L tm) ke (rjm {mr}kg-m from plane W2 (mrl)
| 3 (4) A (hm(S) kg—m? (6)
R r S0r 0 0
l. LI r mpr r mﬂrl
e r iy a 80r
S r Bor 3 2400
Y r mEr 4l 4 mgr
Al s lc | b IE
Le ﬂ
i 51

Doy as discuss below,
I, Draw wector o' b' in horizomal direction.
fecm =4

CD=77cmx=40 =308

mg = T7kg
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(}. 4. (a) Explain the direct and reverse crank method of determining unbalanced forces in radial
Cngines,
Ans. Balancing of Radial Engines (Direct and Reverse Cranks Method) :

-

C N
- w Direct crank
P f v
I B I
T -
— \ 6 0 /
m \ ¢

N, (1] o

S #
L_:I -._.I-.--

Reverse crank

e method of direct and reverse cranks is used in balancing of radial or V engines, in which the connect-
iny rols are connected 1o a common crank, Since the plane of rotation of the various eranks is some, therefore
there is no unbalanced primary or secondary couple.

Consider areciprocating 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 OF. The indirect or reverse crank OC’ is the image of the direct crank OC, When seen
theoweh the mirror placed at the line siroke,

). 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 : 2 = 60",
2
m=kg, r= %=%= 100mm = (lim
N=2500rpm
9
s 2;‘;" I Y
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Resuliant Primary Force :

Fp= 2mo” rJ{cusl o oS ﬂ‘}z 4-{5:'1'.2 |::L_sini’:l}2

= I.m..'u'::.r“’r(i:'l:sls2 30:059)2 +(5i1‘|2 31]:059)2

3 [ itusﬁ]z sin@
= 2me Ty || ———— T
4 4 J
Maximum Resultant For:
i )
F = 1@ —w*rsin20
n
Thig is maximum when sin 28 is maximum
: §in20=+1 B =45 orl35°
1
B it = ‘“'E'EE [1ﬁ1'79)2 ”{{H}'l
0l
=JR4608 N |
). 5. (a) Define and explain the following terms relating to governors :
(i) Hunting {itfy Isochrorism
fiiiy Stability {iv) Sensitiveness

{v) Height.

Ans. (i) Hunting : A povernor is said to be hunt of the speed of the engine fluctuates continuously above
amd helow the mean speed,

{ii) lsochronism : A governor is said to be Isochronous when the equilibrium speed is constant for all
radid of rotation of the balls within working range, neglecting friction,

(iii) 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
15 greater than the lift of the sleeve of governor B. It is then said that the governor A is more sensitive.

i{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. It is usually denoted by h,

Q. 5.(b) A governor of the Hartnell ty pe has equal balls of mass 3 kg, set initially at a radius of 200 mm.
't arms of the bell erank lever are 110 mm vertically and 150 mm horizontally. Find : (i) The initial
compressive force on the spring, if the speed for an initial ball radius of 200 mm is 240 rpm. and (ii) The
stiffness of the spring required to sleeve movement of 4 mm on a fMluctuation 7.5% in the engine speed.

Ans, Given

m=3ke = 110=_11m,yv=[30mm=.15m

My = 240rpm
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2 S0 2
e TR i

6l
ma = L0T5x 2513 =2701rad /s

We know that centrifuszal force at minimum speed,

<
Fop =m{wy )™ =r

" 1{(25[3;1 5-:.21]] = 3789N

Fe, = 2[{2?.01 ) >¢.2[}4J = 44647N

(1) Initial Compression ;

o
51352 _30556MM.,
5 iB16
(i) Stiffness of Spring :
my =5 32&-' xi
v
[1RY

g, =2x 3789 x
: 015

=55572N

And maxnnwm,

015
h=(r -n)E = (0204-2) = 5d5x 10>
x a

- 2- 2
] §:_h Sy _65482-55372 o cesan/m

54 %107
= [ 8. 16N/mm.

(3. 6. {a) Explain with necessary sketches the working of a well known {ype of hydrauvlic dynamometer.
What are the reasons for its popularity?

Ans, Hydraulic Dypamometer : Tesla fluid friction dynamometer : The viscous resistance of fuid is
madhe wse of for reducing the speed or prime mover. The corresponding viscous resistance having determined,
the vutput is found,

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

eading
shew
Trailing shoe

Brake shoe

Brake drum

du
ﬁ“ = |_|_ —_
dy
Arca of ring ={2mr = dr) = (2 for both sides)
, due
Shear resistnce =dF=p i dardr
¥
: du
Brake torque dly; = “Ti-'-f: wdnrdr = v

= u'l'F—'"I dnrtdr
dy

Forentire dise,
Ty = [dTy
Bpake power or output power = Tpw .
). 6. (b} In a vertical belt transmission dynamometer, the diameter of the driving pulley rotating at 1500
vy is §ib mm. The centre distanee of the intermediate pulleys from the fulcrum is also 80 mm each. The

weitzhting pan on the lever is at a distance of 250 mm. Find the power transmitted when a mass of 20 kg is
vequired in the pan, including its own mass.

Ans, M= 1500 rpm
suppose d = diameter of each of the droven and intermediate pulleys
d d
a=—+—=d=8mm
2 2
l.=250 mm

D = diameter of driven

=d+d+d=3=80=240 mm
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WL
A, WL
*  2a
20 = 250
Ty =Ty = o = 31 25N
- 2«80
lirahe: output power,
=(T) -T)v
IDN 20 1500024
Y e e e e
60 i)
3125 %2 » 1500 24
= =375Nm/s
ﬁ'ﬂ 1

(). 7.¢a) What do you understand by gyroscopic 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.
|t I = Mass moment of inertia
i = Angular velocity

Angular momentum of the disc

= lw
-7 Plane of
Plandor : active gyro couple
Y e Spining |
_______ i et
I
J . LE
I f fﬁ |
Axas of R S
precession -7 Flzu:ne of 7

X > Direction of
viewing

Axis of reactive
gyro couple

Change in angular momentum
= 0OX'-0Ox = xx'= Oxd8
. = lwéh
And rate of change of angular momentum
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= iy —
dt

. & db
C= Lit lwm—=lin—= ligsiss
A3t z i di &

(). 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 ¢irele of 160 m radios at 24 km/hr, the speed of the paddles being 90 rpm. Find the

mapnitude sand effect of the gy roscopic couple acdang on the steamer.

s, Coven m = 1600 kg
k- 1.2m
W =90,
R Tl
Ol &)
7o el

ve=24km ! hr

W ko that moment of inertia,

1= mK2 = 1600x(12)"

= 2304 kg — m”
And angular velocity of precession,
5D
Wy = LT 0.15rad / sec
1 60
W koo that gyroscopie couple,
C=Lwwp
=23 =942 =015
25555 M-m
255 KN-m.
(38 Write short note onany three of the following

led  ad

i) Balancing Machines

iy Stabitity of four wheel vehicles moving on curve paths

(e Tmddicator Diagrams

{hh Hydralic dynamometer,

Ans. (o) Balaneing Machines @ Most of the locomotives used in our country are of two cylinders of the
e himensions which are symmetnically placed either between or outside the pair of the driving bougie
wheels Thes e called inside or outside eylinder locomotives respectively. The two cranks are usually placed
at el angles o cach other and balance masses are placed in the driving wheels,

i

Mo Mass of revolving masses per cylinder
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R~ Mass of reciprocating masses per cylinder
' = Fraction of reciprocating masses 1o be balanced
r= Radius of crank
B = Balanced mass.
b = Radius of which mass is placed
Ihe cgurivalent mass at each pin,
=M+CR,
th) Stability of Four Wheel Vehicles Moving on Curve Paths : Consider the four wheels A, B, Cand D of
an nomiehile locomonive taking wm lowards left side as shown in fig,
Fhe wheel A und C care inner wheels where as B and D are outer wheels,
I'ie centre of sravity (C.0.) of the vehicle lies vertically above the road surface.

Inner

wheel
\r.;\L.r.-l't furn rrﬁﬂuter wheel
I

A I B

c U
Wi = Wid

[}."'I‘

Q2

a
Fd
L

Net Gyroscopic Couple :
C=CyxCg
= d]“ll]]“;.mi:\ + IEG.IZL'I “.-.i'l.lF

;!ﬂ\y.ﬂ}p{‘"“rinli;']

{¢) Hydraunlic Dynamometer : Tesla Auid friction dynamometer : The viscous resistance of fluid is made
use of for reducing the speed or prime mover. The correspoading viscous resistance having determined, the
autput is Tound.

fn the flud 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

[

e
Trailing shos

Brake shoe

Brake drum

= (2ar = dr) = (2 for both sides)

Srca of Fing

=dF=p L wdrdr
d )

Shear resistance .

- du
Tk torgue dly =p a—...-_ < drdr = r

o
= U = dnridr

dy
For entire dhisc,

T = [dTy

Hrake power or output power = Tyw .



