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B.E.
Sixth Semester Examination, May-2009

Dynamics of M achines (ME-32-E)

Note : Attempt any five questions.

(). I. The dimensions of a four-link mechanism are A B = 400mm, BC = 600mm, CD= 500 mm, AD =90
mu, and SDAR = 601, AD s a fixed link. E is the point on link BC such that BE = 400 mm and CE =30mm
{ B clockwise),

A foree of 1530 £45" N acts on DC at a distance of 250 mm from D. Another force of magnitude
100 21807 N acts at point E. Find the required input torgue on link AB for static equilibrium of the mecha-
ni:!-'nl-:;I

Ans,

NSTFrrrrTrrrV 7T T ¥

00
Graphical Method of Force Analysis :
Considering forces applied on links one by one.
{#) Firstly considering force (. The configuration diagram will be

O=100N

CF A A A Y A R I A e

F B.D for different links
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F34
Fi2=99N
32 C
D
\ Fla
Canfiguration Divgram of AB FRD afCD
- T'-l = sz k] .l"lI-M
. 99325
T, =
1000
=322 Nm clockwise
C
Q
Fyz=TN
+ B -
O F23
Force diggram for link BC FBD af BC

For Force Q.

(b} Torgue reguired to balance force 'P.




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

Fowee Diggram
af et D

Seotfe fear XAV

Confirurarion
Diugvem
ef A B

I, =Fs2 =« AN Anticlockwise
= 6252 290N = mm

= 81N Anticlockwise

(e el torgue on hink AB reguired.
T=T; +T; =322 181 = 141N -m clockwise.

L) 2. The pressure of the front end and back end of piston in an engine is 5.5 and 0.4 Kgﬂ’cm: respec-
tively. The diameter of piston and stroke are 30 em and 40 cm respectively, The engine speed is 300 rpm and
weight of reciprocating parts is 30 kg. IMconnecting rod is 4 times the crank and if piston rod diameter is 2
e, find the piston elfort when the crank has rotated 40" from inner dead centre.

Ans. Criven M= 300 rpim
H = 40°
L= dflem = r=20cm

dp= ¥Mem
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=4

=
1]
= o

Mp

1]
LA

Okg

Py = 55kgf lem?
P, =04 kef/cm?
AP =P - P,

= 51kgf / cm?

| AP = SON /em? |

0 5 PR TR
&0
dp? (AP)
Force on the piston Fp = T

314 %(30)*(SON / em? )

314 (30) x50

i
I E-=4

Fp = 35300N

28
Fp=uw 2r[l:.nslﬁ + = ]

n

Fp = (314)% x [ﬂ.ED][cnst+ “”‘:30]

» Fp = (314)" x(020) x[0.766 +0.0434]

Fp = 160m/ s’

Incriia force due 1o reciprocating parts,
F, =M, F, =50 160=T7980N

F, = 7980 N
Miston etfort, F=F,-F

F=27300N | Ans
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(). 3. Four masses A, B, C and D revolve at equal radii and are equally spaced along a shafi. The mass B
s Thy and the radii of C and D make angles of 90° and 240° respectively with the radius of B, Find the
magnitude of masses A, C and D and the angular position of A so that the system may be completely balanced.
Ans, Reference name,

Mp=Tkg
Lot r=1m
Plane M r M, e M, cosb M, sinf
meta m
A Mlﬂ. | Mn H.ﬁ. MA CDSHA MAEEH.HA
H 7 I 7 0 7 o
¢ M 1 Mg a0 0 M sin90(= M)
8] Mp I Mp 240 Mp cos240 M sin 240

(-05Mp) (=—-0866Mp)
+ive

RP
W @ @ Q-
3 a E a B

—1ve

Position af planes

Pasition of masses

/
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Solving the problem analvtically. we have

IM, r,cosB, =0 For complete balance
IM,rsiné, =0 For complete balance
M rl, cost =0 For complete balance
EML L st =0 For complete balance

s+ MycosBy ~05MpRp+7=0 i)
M, sint, +M--0866Mp =0 ..{0)
-Muacost, —aMp =10 A
M yasinfy +aMe - 173aMp =0 (v}

Solving the above four equations, we have

[ My, <467k |

M, = 606ke |

(M, = 509ke |

| My, = 7he(given) |
Oy = 157" or203°

., [0 T5¥),

(). 4, () What are in-line engines? How are they balanced? 18 it possible to balance them completely?

Ads, In-line Fagines : The multi cylinder engines with the cyvlinder centre lines in the same plane and on
the saume side of the centre line of the crankshafi, are known as in-line engines, The following two conditions
piust be satisticd in order to give the primary balance of the reciprocating parts of a multi-cylinder engine

i The adgebraie sum of the primary forces must be eq'ual ta zero, In other words, the primary force

polyaon must close. 3
i) The aleebraic sum of the couples about any point in the plane of the primary forces must be equal
o gero, In other words, the primary couple polygon must close.

In order 1o give the primary balance of reciprocating parts of a muiticylinder engine, it is convenient to
mnagzine the reciprocating masses to be transferred to the respective crankpins and to treat the problem as one
ol the revolving masses,

In order 1o balance secondary forces of multicylinder in-line engines, the secondary forces may be
consudered to be vamvalent to the component, parallel te the line of stroke, of the centrifugal force produced by
i el mass placed atan imaginary crank of length r'dx-and revolving at twice the speed of the actual crank
L el as shown,
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Imaginary crank

Line of stroke

Secondary Force
I'he followinz 2 conditions must be satisfied in order to give a complete secondary balance of an
engine
il The algebraic sum of the secondary forces must be equal to zero. In other words, the secondary
torce polyzon must close and,
iy The algebraic sum of the couples about any point in the plane of the secondary forces must be
equal to zero. In other words, the secondary couple polygon must close.

For a multicylinder enging, the primary forces may be completely balanced by suitably arranging the crank
angles, provided that the number of cranks are not less than four.

I'ic secondary forces cannot be completely balanced for obvious reasons of imbalance of secondary
tirccs i the case of reciprocating masses. The closing side of the secondary force polvaon gives the maximum
uinbalinced secondary force and the closing side of the secondary couple polygon gives the maximum unbal-
anced secondary couple.

(). 4.{b) A three eylinder radical engine driven by a common criank has the cylinders spaced at 120°. The
stroke is 125 mm, length of the connecting rod 225 mm and the mass of the reciprocating parts per cylinder
1 kg. Calculate the primary and secondary forces at crank shaft speed of 1200 r.p.m.

Ans, Given stroke =125mm i

5 125
-3 r:E=T=E-25m

=(0625m
1=225mm=0225m
M=2keg
N = 1200 rpm
| 225
o625
Woe know that the maximum primary force,

36

= 15Mrm?

= 1.5% 2 % {0.0625) »

[zmum}]’
6

= 2060 N
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Byb, = L5Mr
= 1.5x 2 x 00625
=0188M /' m
5 2. T
Mawimum secondary force = I_:waI[?uJ} "ﬁ
1
j
__1511“[4“'& [-Dﬂ] xﬂ.ﬂﬁlﬁ
\ 60 4% 36
\I:uxlnunniﬁuutmdnr} torce = 822N
’ 5M 15x2 « 00625 ks
by s D kSR =13x107*N-m
| - 4n 4 =36
N Baby = 0.013N-m

|
€). 5. {a) Explain the term height of the governor. Derive an expression for the height in the case of a want
governor, What are the limitations of a watt governor?
Ans. Heisht of Governor @ [ the vertical distance from the centre of the ball to a point where the axis of
the s (e arms produced ) imtersec: on the spindle axis. 1t is usvally denoted by "',

(c)

Watt Governor

Height of Watt Governor @ The simplest from of a centrifugal governor is the Watt Governor, as shown
abese [0is bidically o conical pendulum with links attached to a sleeve of negligible mass. The arms of the
covertan iy be connected o the spindle in the following three ways :

(1} The pivat. P may on the spindle axis as shown in "a".

i) The pivotl, P may be offset from the spindle axis and the arms when produced intersect at O.

{Hil The pivot P, may be offset, but the arms crosses the axis at O,

Let M = Mass of the ball in kes.

W= Weight of the ball in Newtons = mg
1 = "Tension in the arm in Newtons,
w = Angular velocity of the arm and ball about the spindle axis in rad's.

r = Radius of the path of rotation of the ball, i.e.. horizontal distance from the centre of the ball to
the spindle axes in metres.
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I, =Centrifugal force acting on the ball in Newtons

=mwr and
h = Height of governor in metres,

i 1s assumed that the weight of the arms, links and the sleeve are negligible as compared to the wi of the
batlls. Mow the ball is in equilibrium under the action of,

{1} The centrifugal force (F.) acting on the ball.

(i} Thetension(T) in the arm.
(i) Theweight (W) of the ball,
l'aking moments about point O, we have

Foxh=Wxr=mgr
2
Or mw “rh = mgr
! h=gfm:

When g is expressed in m /s> and @ in the rad/s, then h is in metres. If N is the speed in r.p.m., then
o =2aMN /60

_ 981 895
(2eN/60)" N7 metres
Limitations of Watt Governor : At high speeds, the value of 'h' is small. At such speeds, the change in
the value of W' corresponding to a small change in speed is insufficient to enable a governor of this type to

aperate the mechanism to give the necessary change in the fuel supply. This governor may only work satisfac-
torey i relanvely Jow speeds i.e., from the 60-80r p.m.

). 5. (b) Each arm of a Portergovernor is 400 mm long. The upper arms are pivoted on the axis of the
sleeve and the lower arms are attached to the sleeve at a distance of 40 mm from the axis, Each ball has a mass
of & kg and the weight on the sleeve is 50 kg.

Find the range of speed of the governor if the extreme radii of rotation of the balls are 260 mm and 300
mim,

Ans. BP=BD =400 mm: DH =40 mm; m =6 kg; M=50kg: r, = 260mm and r; = 300mm.

Iirst of all, let us find the minimum and maximum speed of the governor. The minimum and maximum
position of the governor is shown by fig. (a) & (b) respectively.

Let N = Minimum speed when r; = BG = 260mm ; and
M5y = Maximum speed when 3 = BG = 300mm.
From fiz, (a). We find that the maximum height of the gc vemnor,

hy = PG = y/(BP)? - (BG)?

/
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'p
1
' ha
: e Fi :|
BG = 260 mm ':'IE BG =300 mm
FG = 40 mm . FG = 40 mm
BF = 220 mm (_Ii BF =260 mm
EY
e (b)
.= sz ~(260)" = 492400 = 304 mm
=]

BF =BG -FG =280 -40 = 220mm

)

& DF = /(DB - (BE)

| DF = 1/(400)" -(220)° = V111600 = 334 mm

BG 260

nu) =——=-——= (1855
! PG 304
BF 220

tanfy = —=——=0659
DF 334

_tanfy; 0659

= 0771
tano, 0855

q1

M
o me 2 (1+ay) o
W know that, (N} =—=———x—
m 111
50
) ﬁ+?{l+{!.??]}xﬂqi
] 03
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6+25(1.771) 895
= ema—t T ——
6 03

Nj =250x10%

[Ny = 158x10% = 158 rpm |

I fhez. (1)

hy = PG = J{_E-F;f _—-{EG],IE = V400? — 3002

hy = /16000090000 = /70000

hy =265x10° mm = 0265m

hy =0265m

BF = BG-FG = 260mm
DF = \{(UB}! -(BF)® = V400% - 2607 = 160000 - 67600

DF = 92400 = 3.04 x 10% mm = 0304 m

DF = 0304 m

tana =BGIPG=%= 113

BF 260
: tanPs = —— = - = 086
o P2 DF 30

fanfis (086
. ay=tmBL 20757 = [4; 20757

tancts LIS

We know that,

M
m*?“""-’llj HE:E

(N2)* =
m hs

50
) .:":_+_?[J +0.757) ) 895
6 0.265

N3 = 28100
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N, = 168rpm |
We knotw that the range of speed.
=Ny -N; = 168-158 = 10rpm

AN = 10rpm Ans,

(2. 6. {a) What is the difference between absorption and transmission dynamometers? What are torsion
dynamometers?

Ans. Dynamometer : A dynamometer is a brake but in addition it has a device to measure the frictional
resistance. Khowing the frictional resistance, we may obtain the torcue transmitted and hence the power of the
i"'lill-llc.

Differences between Absorption and Transmission Dynamometers ;

Following are the two types of dynamometers, used for measuring the brake power of the engine :

(i) Absorption Dynamometer.

(i) Transmission Dynamometers.

The main points af differcnce between these two are

ta} In the absorption dynamometers, the entire energy or power produced by the engine is absorbed by
the Iriction resistances of the brake and is transformed into heat, during the process of measurement,

In the transmission dynamoneters, the energy is not wasted in friction but is used for doing work, The
enerey or power produced by the engine is transmitted through the dynamometer to some other machines
where the power developed is suitably measured.

(i)

Absorption Dynamometers

VRN

Prony brake dynamometer Rope brake dynamometer

Transmission dynamometer

Epicyl.:lfic train Belt transmission Torsion
dynamometer dynamometer dynamometer
Torsion Dynamometer : A torsion dynamometer is used for measuring large powers particularly the
power transmitted along the propeller shaft of a turbine or motor vessel. When the power is being transmitted,
then the driving end of the shaft twists through a small angle relative to the driven end of the shaft. The amount
of twist depends upon many factors such as torque acting on the shaft (T), length of the shaft (1), diameter of
the shafi (13} and modulus of nigidity (C) of the material of the shaft.

We kpow that the torsion equation is,

T_co
1 1
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Where, @ = Angle of twist in radians and
J=Polarmoment of inertia of shaft,
k- or a solid shaft of diameter D, the polar moment of inertia,

= .3 x D
32
& for a hollow shaft of external diameter 'D' & internal diameter 'd’, the polar moment of inertia,
_ M4 4
Iws (D*-d*)
-renm the above torsion equation,
T= % xH =K

Wihere, b = ‘:II is a constant for a particuiar shaft. Thus, the torque acting on the shaft is proportional

tov the anple of twist. This means that if the angle of twist is measured by some means, then the torque £ hence
the power transmitted may be determined.

Q. 6. (b} A torsion dynamometer is fitted on a turbine shaft to measure the argle of twist. It is observed
thit the shaft twists 1.5% in a length of 5 metres at 500 r.p.m. The shaft is solid and has a diameter of 200 mm.,
Ifthe modulus of rigidity for the shaft material is 85 GPa, find the power transmitted by the turbine.

Ans, Given, B=15: m =0026rad
180
|=5m
N=500rpm.
Shaft is solid D =200 mm=02m

C=85GPa =85x10° N/ m?

We know that the polar moment of inertia for a solid shaft,
J=2x p* (m")
32

) =318 . (02)* =0000157m*
32
=157 %107 m?
& torgue applied to the shaft,

9 -4
T=%m=35xm x;j?xm

= 0026

= T=059394 % 10°N - m = 69394 x 10*N-m
We know that the power of the engine,
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_Tx2EN 6939 10% %2 x 314 x S00W
C 60 60

P = 3632 wﬂ Ans.

€. 7. {a) Discuss the gyroscopic effect on seagoing vehicles.
Ans, Gyroschpic Effect on Seagoing Vehicles (Ship) :

P = 3632x10°W

Transverse
axis
Diirection :
of view Longitudinal $xis
—————— A==t =-—=-Bow
 Siern - : { force-end)

{rear end) i

: Rotor

i

]

R RiTl =
Bearings //

Propelfer
(i) Effect of Gyroscopic Couple on a Naval Ship During Steering :

Tramsverse axis

'\ Left urn

I e tiom o view ing | ongitudingd axid ’ Axis ol spin Reactive gyroscopic
e (el )y = —— J'—' '(_'}" ““““““ tuup].,'_-
é Active Givros, Couple

!
Nava! Ship Taking a Left Turn

/
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Steering is the wrning of a complete ship in a curve towards left or right, while it moves forward. Consider
the ship taking a left turn and rotor rotates in the CW direction when viewed from stern.

When the rotor of the ship rotates in the CW direction when viewed from the stern, it will have its angular
mumenium vector in the direction ox as shown below in Fig. {a).

X X
Q 5 -
fili]
Q % o
fet) (&)

As the ship steers to the {elt, the active G.C. will change the angular momentum from ox 1o ox'. The vector
s’ now represents the active gyroscopic couple and is perpendicular to ox. Thus, the plane of active G.C. is
perpendicular to xx' and s direction in the axis oz for left hand turn is clockwise as shown. The reactive
syroscopic couple of the same magnitude will act in the opposite direction (i.e., the anticlockwise direction).
The etfect of this reactive gyvroscopic couple 15 to raise the bow and lower the stern.

{ii} Effect of Gsyroscopic (_nuple on a Naval Ship During Pitching : Pitching is the movement ofa cor slete
ship up and

- i
-
r
I 2
i
I
Ed‘
L R (- }B jﬁmnfspm . x
i
| I /\ \w
1
; Ml Fmax %!
1
Transverse axis
fer) bl Pitching upward fc) Piiching downward

Etfect of G.C. on a Naval Ship During Pitching : !

down in a vertical plane about transverse axis as shown in fig, "a’. In this caze, the transverse axis is the
aaes of precision. The pitching of the ship is assumed to take place with S.H.M.

- Angular displacement of the axis of spin from mean position after time 't’ seconds,
£ = sin !
Where, @ = Amplitude of swing
) = Angular velocity of SHM. = %?-E rad/s
p

Ih = Time period of 5.H.M. in seconds.
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Angular velocity of precision

| mp=§=§[¢sinmilj

@p = 40| cos0 (.1

- Maximum angular velocity of precision.
{ml"}m.x = ¢l|J ! 2¢I2“‘”F

1.e1 | = Moment of inertia of the rotor in kg-m? &
o = Angular velocity of the rotor in rad/s.
|

- Maximum GIC.; Conax = I"’{mp}mx

When the pitching is upward, the effect of the reactive G.C. (fig. b), will try to move the ship toward stare
board. On the other hand, ifthe pitching is downward, the effect of the reactive G.C. in (fig. c) is to turn the ship
towards port side.

(iii) Effect of Gyroscopic Couple on a Naval Ship During Rolling : For the effect of G.C. to occur, the axis
of precision should Blways be perpendicular to the axis of spin. If, however, the axis of precision becomes
parallel to the axis of spin, there will be no effect of the G.C. acting on the body of the ship.

In case of rolling of a ship, the axis of precision (i.e., longitudinal axis) is always parallel to the axis of spin
for all positions. Hence, there is no effect of the G.C. acting on the body of the ship.

(). 7. (b) A 2.2 tonne racing car has a wheel base of 2.4 m and a track of 1.4 m from the rear axle. The
equivalent mass of engine paris is 140 kg with radius of gyration of 150 mm. The back axle ratio is 5. The
engine shaft and Mywheel rotate clockwise when viewed from the front. Each wheel has a diameter nl‘ﬂ_.s m and

a moment of inertiaof 0.7kg-m ?_ Determine the load distribution on the wheels when the car is rounding
w curve of [Hl m radius at a speed of 72 km/hr to the left.
Ans. Given data,
M = 2200 kg
a=l4m
| 1=24m
h = Height of C.G. of vehicle above ground,
[NOT GIVEN; QUESTION SOLVED WITH ASSUMPTION 1]

I, = Distance of C.G. from front axle

l; = Distance of C.G. from rear axle.

[NOTGIVEN SO QUESTION 15 SOLVED WITH THE ASSUMPTION OF C.G. BEING EQUIDISTANT
FROM BOTH FRONT AND REAR AXLE]
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s I[i; =1.2m

M, = 140kg

K. = [50mm=015m

I, = M K2 = 140(015)° = 315kg— m?

| li_ = 315ke - m? |

i=5
' R=100m
[ o ; 5
Voo Lmnear speed of vehicle =72km/h=T2x ﬁ

|L"r’=1t}m-'s'

B e A |

The Forces accounting for the stability of the vehicle are :
(i Weizht of the vehicle W = mg, giving rise Lo upward reaction at ¢ach wheel,
(1) Precision of vehicle.

(2} Dead Weights : The weight of vehicle "W will be equally distributed over the four wheels which will act
devwmairds.

Ihe reactipn between cach wheel and the road surface of the same magnitude will act upwards. Therefore,

[Read reachion over cach wheel

= E 8 MNewl
=7 =3 Newtons
T ":!': r
w 3 2200%9% = 5390N (upwards)
4 4
b} Centrifugal Couple :
22000201 h

Cf_=Mvh= (20) = 8800k N —m

R 100
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i'his couple is halanced by the vertical reactions at the four wheels being positive at the outer wheels and
nenalive at the inner wheels.

QHC_C-_-E_E.GE-_&MN.N
2 23 2xl4

This 1s vertically upwards for outer and downwards for inner wheels.
() Gyroscopic Couple :
(1) [e 1o wheels,

"
"y :-iz-ﬁ =50rad /s

Ty .

gy :%2%.%2&2!'“-"5

ng =41y 0w py
Cpy =4x0.7x50x02=28N-m

p C 28

Ly S T
This reaction is yertically downwards on the inner wheels and upwards on the outer wheels.
{11} GO due to engine parts,

, =toyrad/ §=5x50=250rd /s
D pe = @py i
EE¢ =l m, 0p.

[ Egc:3.15x25ﬂxﬂ_2=i53N—m

I
F_Tee 18 on=13N
2 | 2x24

This reaction is vertically downwards on the front wheels and upwards on the rear wheels. Now for left
turn, the reactions are,

Q

2

W
Front (outer ) = ‘:1-

P F
o ==
2 74

=5390+10+3140h+33
Front {outer 1} | =5433+3140h
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Front{inner 2 =

=5390-10 -3140h—-33=15347 - 3140h

W P 0 F

Rear (outer) 3 =—¢-+E+E+E=543}+3I4I}h
o 2R X
Fear (inner) 4 STaE e i
Hear (inner) 4 = 5347 - 3140h

1he load distribution for the above case is shown as below

Rear

2.4m

T

SWw/4 Inner wheel
P ; A P2

Outer 02 Drirection of view Lo/

Iwheel {‘:\ Front 'T Q

: s_a Leit urn

0.5 Write short notes on any three of the following :

in) Balancing of v-engines

(b) Stability of two wheel vehicles moving on curved paths
{¢) Balancing Machines

{d) Engine shaking forces
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Ans. (a) Balnhciﬂg of v-engines : Consider a two cylinder v-engine as shown below :

Balancing of V-Engines

Ihe common crank OC is driven by two connecting rods PC and QC. The line of stroke OF & OO are
inclmed to the vertical OY, at an angle o .

It m = Mass of reciprocating parts per cylinder,
= Length of connecting rod,
r = Radius ol'crank,
n - Ralio of length of connecting rod Lo crank radius
> n=1/r
8 = Inglination of crank to the vertical at any Instant,
w = Angular velocity of crank.
We know that inertia force due 1o reciprocating parts of cylinder |, along the line of stroke,

[ cos2(c—0) |
:m[uzr[ms{u E}-l----u_uf;_a_}_

& the inertia forde due 1o reciprocating parts of cylinder 2, along the line of stroke,

cos2{o +1) |
l = mmzf[ms{u+ﬂ}.r sestcr By
n

the balancing of v-engines is only considered for primary and secondary forces as discussed below :

Caonsidering Primary Forces : We know that primary force acting along the line of stroke of eylinder 1,

Fpy = 1m12rc::=s{c1 -8)

Component of F'pl along the vertical line OY,

= = Fp cosa = mw-r cos{a - B)cosa LA
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& componel of Fr'| along the horizontal line OX,

= Fp, sina = me 1 cosla - B)sina

i)
Similarly, prlmary force acting along the line of stroke of cylinder 2,
| Fp, = mmzr:nsl.rt:+ﬂll
~ Component of F'p:! along the vertical line OY,
= Fp, cosu = ma’r cos{e +0) cosa i )
& component of Fp., along the horizontal line OX',
i ; ;
= Fp, Ssnusmzrnus(u+ﬂ}smu. LAy
Total -:ompmrent of primary force along the vertical line OY,

i d 2

| Fpy = (i) +(ii) = me rcnsa{ms{m—ﬂ}+ms{a+ﬂ}]

|

= ma”reosa + 2 cosa cosB = 2mo °r cos® a cosd
and total component of primary force along the horizontal line OX,
| Foi =(':'r]—{iv}zmmlrsinu[caﬂl:{—ﬂ]—cus{u +B}I
' =mo rsina + 2sinasin®
= 2m rsin” wsind
Resultant Brimary foree,
| 2 z
'- Fp =y (Fpy)” +(Fpy)
- 2 2 R e LR
= [ Fp =2ma*r { cos” o cos E] +{sm . 5in ﬂ} v}

Considering $econdary Forces : We know that secondary forces acting the L.0.S. of cylinder 1,

cosafc—6
Fg, = mmzr———-L——-——:!
n
- Component of Fg, along the vertical line OY
[
! cosa -8
! = Fg, cosat =mm1r——--{—-—-1x:;usq
n

Vi)
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& component of F - along the horizontal line OX

5 cos2{u—H)

= Fg, sinoe = mu"r = 5In

Simitarly, secondary force acting along the line of stroke of cylinder 2,

os2{a+ 8
iy = ot 2200 0)
. 2

Compopent of F_q!-_2 along the vertical line QY

e _ 2 cos2{o+B)
= 52 COS0 = Mok r—n-—-ﬂﬂﬁﬂ

& component of Fg, along the horizontal line OX’

) , cos2a+8)
= Fg, sina = mw r————— x sino
& n

Toeal cpmponent of secondary force along the vertical line OY,

Foy = (vii} +{viii) = T w?rcosafcos2fa -8)+cos2{u +ﬂ}]
n

m
Foy =— w’r cosa x 2 eos2u cos20
n

; 2m o
Fgy = —w”rcosc cos2ocos 20
n

& iotal component of sccondary force along horizontal line OX,

Fy = (vil)—(ix) = %’l_mz rsinafcos2(a - ) - cos2(a +0)]

m 3 s .
= — s % 2 sin 2o sin 20
n

2m
= —— it
n

; I{:::Rllllmnl sccondary force = F = .|||||'F:,;1|,.}|2 +{F5],,:|2

*rsine sin2e.sin 20

2m 2 = S
5 Fy =— xmzr,j{cmacmzu c0s20)” +(sincsin 2a sin 2’:‘!}2
il

_{¥ii)

L viiii)

ix)
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{b) Stability of Two Wheel Vehicles Moving on Curved Paths :
Consider a two wheel vehicle (say a scooter or motor cycle) taking a right turn on a curved path as shown

Pl

: Axis of
B Reactive G.C. Pracission
| + Centrifugal —
s e N U
P ij ] P z
i 1 Front wheel 4 \____j"
]
! ; ( Axis of
Engine ﬂ* . } active GC.
i 1
Hear wheel / —_
v |Radius gy o m-miﬁx
uf track il i
\ = l|
il Axis of spin 4 ’
{ ol ih) fel
Stability of Two Wheel Vehicle Taking a Turn ;
Let m = Mass of vehicle and its rider in kg.
W = Weizht of the vehicle and its rider in newtons
W=mg

h = Height of C.G. ofthe vehicle and rider,
ny = Radius of the wheels,

R = Radius of track or curvature.
ly = Mass moment of inertia of each wheel,
I = Mass moment of inertia of the rotating parts of the engine.
iy = Angular velocity of the wheels,
wp = Angular velocity of the engine.

G = Gearratio =wg fwy

V = Linear velocity of the vehicle =y xny

8 = Angle of heel. [t is the inclination of the vehicle to the vertical for equilibrium.
(i) Effect of Gyroscopic Couple : We know that,

Vo= gy %ty

x | ww="u"'.|"rw
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hY
o | L —_G.I.L'I'ﬁ. =0—
i T
ol : (=) =2y oy £l =wg
| Y v
| jl-,l;.. L Lil 1(}"—:"—{2[“"1[3.IE]

Ty hw Ny
& velocity of P:'L'uthinn.
v
i III|| =
| _ - .

When the whells move over the curved path, the vehicle 15 always inclined at an angle 8 with the vertical
pline s shown mJ’:‘. This angle 15 K/n as angle of heel, In other words, the axis of spin is inclined to the
b veomtal at an angle (3, as shown in 'c’. Thus, the angular momentum vector g due to spin is represented by
OA nelined o OX *1 anangle (. Bt the precision is vertical. Therefore the spin vector is resolved along OX.

~bivroscopid couple.

A A
| Cp =lwcosO+wp =—(20y G0 Jooshx —
| Iy R

5
F=

| = ——( 21y, =G0 JeosB
| R.ry

! b
(i) Effect of Centrifugal Couple : We know that centrifugal force, F, = my” .
[ R

Iis force actd horizontally through C.G. along the outward direction.
] mv?2
- Centrifugallcouple,  C; = F-=xhcost = e heost

Simee the centfifugal couple has a tendency o overturn the vehicle, therefore.
lotal m-:rmrn}ng couple,

C gy = Gyroscopic couple + Centrifugal couple

-

2 2
CU = .

{EI“" +G.1F:}'EUSH+ th:l:l'sa

R. !'1|I|||'

| v [l + G

| :-_]r_—ll:ll'-ll__j_rq. mh}cggﬂ
f R Ty

We know that i:}nlam:ing couple = mghsin®

| e balancing couple acts in clockwise direction when seen from the front of the vehicle, Therefore, for
stability, the overturing couple must be equal to the balancing couple. e,
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21
¥ar@groaly + mh |cost = mghsin®
1 Ty

From this expression, the value of angle of heel (8) may be determined, so that the vehicle does not skill.

{c) Balancing Machines : A balancing machine is a measuring tool used to balance rotating machine parts
such us rotors for electronic motors, fans, turbines. disc brakes, disc drives, propellers and pumps. The
wachine usually consists of two rigid pedestals, with suspension and bearings on top supporting a mounting
pluttorm: The urit under test is bolted to the platform and 1s rotated either with a belt, air or end drive. As the
part 15 rotated, the vibration in the suspension is detected with sensors and that information is used to
determme the amgunt of unbalance in the part. Along with phase information, the machine can determine how
much and where tb add weights to balance the part.

There are two main types of balancing machines, hard bearing and soft bearing. The difference between
them. however, is'in the suspension and not the bearings. '

In hard bearing machine, balancing is done at a frequency lower than the resonance frequency of the
suspension. In a spft bearing machine, balancing is done at a frequency higher than the resonance frequency
ol the suspension

A hard bearihg machine is generally more versatile and can handle pieces with greatly varying weights,
hecouse hard beating machines are measuring centrifugal forces and require only a one time calibration,
herefore, it works very well for low and middle size volume production and in repair workships.

A soft bearing machine is not so versatile with respect to amount of rotor weight to be balanced, It is
suitable for high production volume and high precision balancing tasks.

Static balanaing machines differ from hard and soft bearing machines in that the part is not rotated to take
1 measurcment,

A blade balancing machine attempis to balance a part in assembly, so minimal correction is required later
on |
PPortable balincing nachines are used to balance parts that cannot be taken apart and put on a balancing
machine, usually parts that are currently in operation such as turbines, pumps and motors,

{d) Engine Shaking Forces : The reciprocating parts are only partially balanced. Due to this partial
balancing of the réciprocating parts, there is an unbalanced primary force along the line of stroke and also an
unbalanced primary force perpendicular to the line of stroke. The effect of an unbalanced primary force along
the line of stroke is to produce :

(i ‘v’armum{ in fractive force along the line of stroke,
(i) Swaying couple,

(111} Hammerblow,

These are the three predominant engine shaking forces,

Variation of Tractive Force : The resultant unbalanced force due to the two cylinders along the line of
stroke is known s tractive force. Let the crank angle for the first eylinder be inclined at an angle § with L.O.S.,
as shown, Since tHIL* crank for the second cylinder is at right a1 gle to the first crank, -, the angle of inclination

for the second crank will be (90+8).

Let M A Muass of reciprocating parts per cylinder
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C = Fraction of the reciprocating parts to be balanced

ri .
mn rsmb

Connectmg -

md._._,ﬂ

I (1 - clmen cosi

Linc of
l sirohey
Veriatas of Troactove Force

We I-:nlvw that unbalanced force along L.O.S. for cycle 1,

: ={I—C‘Jmm2rcosﬁ

B +h .I a PR i
Similarly, unbalanced force along the 1 OS for evlinder 2

' =“—ll]l'lll-lll\_u"ilﬂl. "

As |'|-|3|i the detimitun,

. Fp= Resulant unbalinced torce along the LOS,,
Fr = (1- C)mwrcost + (1 - C)maw *r cos(90 + B)

Fy = (1 - C)mis ¢ cosh - sin)
Swaying Couple : The unbalanced forces along the L.O.5. for the 2 evlinders constitute a couple about
the centre line Y'Y between the cylinders as shown :

! il —¢}marcosf

. e _
T ™y

Line of siroke
for eylinder |

Line of stroke

forcylinder 2 a1
| 1 *

(1= c)me’rcos{90 +B)

Swaging Couple
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This conple has swaying effect about a vertical axis and tends to sway the engine alternately in CW and
ACW directions. Hence, the couple is known as the swaying couple.

Lt a = Distance between the centre lines of the 2 cylinder.

Swaking coupls =(1- Cimmz r CDSB"*%"“ - C}mmzr nnq90+ﬁ}%
=(1-C)ma’r x%{msﬂ +5inf)
i 2

Hammer Blow : The maximum magnitude of the unbalanced force along the perpendicular to the L.O.8. 15
knerwn as hapmer below,

Hammgr blow = Bu’b

'he effect of hammer blow is 1o cause the variation in pressure between the wheel and rail. The limiting
condmion inorder that the wheel does not left from the rails is given by;

P=Bo’b
& permissible value of the angular speed,

Hammer blow

ot o 180" 2700 360°



