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B.Tech.

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

Mote @ Anempl any five questions,

). 1. The dimensions of a four-link mechanism are AB=400mm, BC = 600mm, CD = 500 mm, AD =900
mng, and SDABR = 60°, AD is a fixed link. Eis the point on link BC such that BE =400 mm and CE = 300mm
(REC el kwise).

A foree of 150 Z45" N acts on DC at a distance of 250 mm from D, Another force of magnitude
LD 21807 N acts at point E. Find the required input torque on link AB for static equilibrium of the mecha-
s,

Ans,

"l| "r""'-?"’*'”"ffffrr.r D

Q00
 Giraphical Method of Force Analysis ;
Considering forces applied on links one by one.
{a) Firstly considermg force O, The configuration diagram will be

100N
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F34
F32=00N
_12 C
(8]
L
Configuration Digeram of AB FBD of CD
q = F:;z x AM
. L P35
1000

=32 2MNm clockwise

Fq3

F.EJ

Foree diggram for link BC FBD of BC
For Farce

(h) Torque required to balance force ‘P, =
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i Forve Dieegram
af ("D
FBDofCD
Keale Tewe 23N
Fi4
=H1.5
Y, _esne
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— A sl
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Configuration
Diagram
of 4 B

Ip = Fa2 < AN Anticlockwise
=62.5= 290N ~ mm
= |8.INm Anticlockwise
e} Net torque on link AB required.
=Ty +T, =322-181=14IN-m clockwise.
(. 2. The pressure of the front end and back end of piston in an engine is 5.5 and 0.4 Kgf/em? respec-
tively. The diameter of piston and stroke are 30 cm and 40 cm respectively. The engine speed is 300 rpm and

weight of reciprocating parts is 50 kg, If connecting rod is 4 times the crank and if piston rod diameter is2
cm, find the piston effort when the crank has rotated 40° from inner dead centre.

Ans, Given ; N =300 rppm
0 = 40° .
L =40cm = r=20cm
dp=30cm
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n= I— =4
r
?\r‘p_-‘ = Sﬂl{g
P, =55kl fem®
Py = 04 kef / cm?
AP = Py = Py

= 51kef ‘em?

rﬁP = 50N /em® f

o 2 =304 = 300 = 314mad/s
dp® (AP
Farce on the piston Fp = %{}I

314 %(30)’ (SON / em? )
- 4

314 %(30)" x50
- 4
[ Fp =35300N |

Fp = mlr(cusﬂ +M]
n

Fp =(314)° x[{}lﬂ}{cusdﬂ-v "“58”]

> Fp =(314)" x(020) < [0.766 + 0.0434]

Inertia force due 1o reciprocating parts,
F, =M. F, =50=160=7980N

F, = T98ON

Piston efton, F=F,-F

F=27300N | Ans. /
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). 3. Four masses A, B, C and D vevolve atequal radii and are equally spaced along a shaft. The mass B
is Thy and the radii of C and D make angles of 90° and 2407 respectively with the radius of B. Find the
maznitude of masses A, C and 1) and the angular position of A so that the system may be completely balanced.

Ans, Reforence niane,

MH- = ?kﬂ
Let r=1m
Plane M r M i) M, cos@ M, sinf
meta m
11 T I 7 0 7 ]
( M, I M- %) ] M sin90{= M)
¥} M[} | I"l'in 240 M‘[: cos240 MU Siﬂ 2"1{'
' (-05Mp) (= -0866Mp)
RP

Position of planes

Pasition of masses

/
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Solving the problem analytically, we have

IM,r, cosl, =0 For complete balance
IMr, sinfl; =0 For complete balance
IM rl cosB, =0 For complete balance
M, rl, sinf =0 For complete balance

= M, cosH, —05Mp+T7=0 (i)
M, sinfl, + M -0866Mp =0 ..ii)

-Maacost, —aMg =0 A i)

-M sasinB, +aMo-173aMp =0 (v}

Salving the above four equations, we have

| Mg = 7kg(given) |

By =157 or 2037

. |-{}.__'I,. = 2“‘1“ l

€. 4. (8) What are in-line engines? How are they balanced? Is it possible to balance them completely?

Ans, In-line Engines : The multi cylinder engines with the cylinder centre lines in the same plane and an
the same side of the centre Hne of the crankshaft, are known as in-line engines. The following two conditions
miust he satisfied in order to give the primary balance of the reciprocating parts of a multi-cylinder engine

(i) The algebraic sum of the primary forces must be equal to zero. In other words, the primary force

polvaon must close. .

(i) The algebraic sum of the couples about any point in the plane of the primary forces must be equal

to zero. In other words, the primary couple polygon must close.

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

In order to balance secondary forces of multicylinder in-line engines, the secondary forces may be
considered 10 be cquivalent ta the component, parallel to the line of stroke, of the centrifugal force produced by
an cqual mass placed at an imaginary crank of length r'dn and revolving at twice the speed of the actual crank
{1 2o as shown,
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Line of stroke

Secondary Foree

I'he following 2 conditions must be satisfied in order to give a complete secondary balance of an
cngine !

iy The algebraic sum of the secondary forces must be equal to zero. In other words, the secondary

force polvoon must close and.

(i} The algebraic sum of the couples about any point in the plane of the secondary forces must be

cqual 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,

e secondary forces cannot be completely balanced for obvieus reasons of imbalance of secondary
furces in the case of reciprocating masses. The closing side of the secondary force polygon gives the maximum
unbalanced 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 crank 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
2 kp. Caleulate the primary and secondary forces at crank shaft speed of 1200 r.p.m.

Ans. Given stroke =125mm i

={0.0625m
1=225mm=0225m
M=2kg
N = 1200 rpm

We know that the maximum primary force,

= 15Mro?

= [5% 2 x {0.0625) =

[Iﬂ:x szm]*
1]

=2060N


http://studentsuvidha.in/

www.studentsuvidha.in

Bib; = 1L5Mr
=15% 2% 0.0625
={LIBRN m
=t L
Aaximum seeondary force =15M = L-wi ’CIH
00 25
m l.ﬁxlk[-‘»:ﬂ:x 1_{':{3_] Wl
6l 4x36
Mo secendary foree -~ B2IN
aM 15=2=00625 a
By =il Y = 13x 107 N-m
13 dn 4x36
~%, Baby = 003N -m

€. 5, () Explain the term height of the governor. Derive an expression for the height in the case of a watt
povernor. What are the limitations of a watt governor?

Ans, Height of Governor : 10is the vertical distance from the centre of the ball to a point where the axis of
the arms (or arms producedt infersect on the spindle axis, Itis usually denoted by "I,

h h

T

Wall Governor

Height of Watt Governor : The simplest from of a centrifugal governor is the Watt Governor, as shown
abeone 1t is basically @ conrical pendulum with links attached to a sleeve of negligible mass. The arms of the
saeriier may be conneeted 1o the spindie in the following three ways

(10 The prvot, P omay on the spindle axis as shown in'a’,
cil The pivot, P may be offset from the spindle axis and the arms when produced intersect at O,
(i) T'he piviot P, may be offset, but the arms crosses the axis at O,
Let M = Muss of the ball in kgs.
W ="Weight of the ball in Newtons =mg
T = Tension in the arm i Newtons,
= Angular velocity of the arm and ball about the spindle axis in rad/s.

= 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

= Tn 2 roand
b Height of zovernor in metres.
11 1= assimed that the weight of the arms. links and the sleeve are negligible as compared to the wt of the
bebls Moy the ball is m eginlibrium under the action of,

it The cenirifugal force |5} acting on the ball.

(1) The tepswon (7§ the arm,
it Fhe weigho (W ol the ball.

Fakeng moments about potnt O, we hive

Fovh=Wxr=mar
¥
ik mea©rh s mer
3
s h=x/n"

Whien ¢ 15 expressed in m /s” and e in the rad/s. then h is in metres. [f N is the speed in r.p.m., then
= 2N 60

o 98I 895
{:!TIN / ﬁﬁ'}“ NJ MEEres

Limitations of Watt Governor : At high speeds. the value of "W is small. At such speeds, the change in
the value of ‘' corresponding to o small change n speed is insufficient to enable a gevernor of this type to
operite the mechanism to give the necessary chinge in the fuel supply. This governor mav only work satisfac-
torahy ot pedatively low speeds e from the 60-80 r.m.

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

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

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

First ot all. let us find the minimom and maximum speed of the governor. The minimum and maximum
position of the zovernor 15 shown by fig. (a) & (b) respectively,

|t My = Minimum speed when r, = BG = 260mm ; and
N2 = Maximum speed when ry = BG = 300 mm.

Fronm fiz. (o), We find that the maximum height of the zovernor,

hy = PG = {(BP)’ -(BG)
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BG = 260 mm - B = 300 mm

FG = 40 mm FG =40 mm

8F = 290-mm BF =260 mm

fai) I'rh)

- =/(400)? — (260" = 53400 = 304 mm

BF =BG - FG = 260- 40 = 220 mm

DF = M]z 4{2211}_"“ =4L111600 = 334 mm

BG 260

tanc) = — = =1{)855
PG 304
BF 220

tanf) = — = — = 0,659
DF 334
ta 0.659

gy B OO g :

tanay 0833

Woe know that, {N | }‘ il ity i

50
] ﬁ_+3-|[i+ﬂ.??l}xﬁ
6 03
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_6+251.771) } 895
' 6 0.3

NP =250 10"

Ny = 158107 = 158rpm |

In fig. {h)
hy = BG = J{Bp}“ ~(BGY = 4002 - 3007
> hy = /16000080000 = 470000
hy =265x10°mm = 0265m
[hy =0265m |
BF = BG - FG = 260mm
DF = W = V400% - 2607 = V160000~ 67600
DF = /92400 =3.MxTﬂlmm=ﬂ.3ﬂ~4;n
[DF=0304m
tanct; = BG/ PG = %E% =113
& tanf, = g—; = 322 = 086

tanfls 086 I___::!
X = — =0757 = =757
% tancey LI 4

We know that,

m+ﬂ[i+ )
Tipt W s

N,)* =
(N2) = by

30
] 6+ > (1+0.757) 895
6 0265

N3 = 28100
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LlN-.'-' :Iﬁsrp_ll.‘l_i

W know that the range of speed
=Ny - N =168~158 = 0rpm

'_r.""LNz mrpml Ans.

(). . (a) What i the difference between absorption and transmission dynamometers? What are torsion
dynamometers?

Ans. Dyvaamometer ; A dynamometer is a brake but in addition it has a device to measure the frictional
ressstince. Krawing the frictional resistance, we may obtain the torgue transmitted and hence the power of the
CREHIL

Diftferences between Absorption and Transmission Dynamometers :

Feldlowing are the two tvpes of dynamometers, used for measuring the brake power of the engine :

(1) Absorption Dynamometer.

iy Pransmission Dynamometers

Fhe main points of difference between these twe are |

(a) o the absorption dynmmometers, the entire energy or power produced by the engine is absorbed by
the triction resistances of the brake and is transformed into heat, during the process of measurement.

bt the wransmission dypamometers, the enerey 15 not wasted in friction but is used for doing work. The
energy or power produced by the engine is transmitted through the dynamometer to some other machines
where the power developed 1s suitably measurad.

i

Absorpuon Dvnamometers

w woortls :
Prony brake dynamometer Rope brake dynamometer

Transnnssion dynamoneter

Epicvelic train Belt transmission Torsion
dynameoimeter dvnamometer dynamometer
Torsion Dynamometer : A torsion dynamometer is used for measuring large powers particularly the
power transmitted along the propeller shafl of o turbing 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 torgue acting on the shaft (T), length of the shaft (1), diameter of
the shafi (1) and modulus of rigidity (C) of the material of the shafi.

We know that the torsion equation is,
T o

g
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Where, @ = Angle of twist in radians and
1= Polar moment of inertia of shaft.
For a solid shaft of diameter [3, the polar moment of inertia,
)=~ xp*
32
& for a hollow shaft of external diameter 'D' & internal diameter 'd', the polar moment ﬂf'ineﬂia.

L T T
1=—>(D*-a%)

From the above torsion equation,

T:E]‘ixﬁzi{ﬁ

Wihere, K = C;J is a constant for a particular shaft, Thus, the torque acting on the shaft is proportional

tor the angle of twist. This means that if the angle of twist is measured by some means, then the torgue & hence
the power transmitted may be determined,

(. 6. (b) A torsion dynamometer is fitted on a turbine shaft to measure the angle of twist. It is observed
that 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.
If the modulus of rigidity for the shaft material is 85 GPa, find the power transmitted by the turbine.

15=m
Amns. Given, B=15"= 0 = (1,026 rad
I=35m &
N=500rpm. ) ‘1
Shaft is solid D=200mm=02m

C=85GPa =85 x 107 N/ m?

W know that the polar moment of inertia for a solid shaft,

D
= ux[} {m ]
) -=%x{ﬂ_2}4 = 0000157 m"*

=157x10"* m*
& torque applied to the shaft,

9 14
TEEXB___SSNIE} *157 =10

= 0.026

= T=069394x10°N-m=69394x10"N—m
We know that the power of the enging,
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p_ Tx2aN _ 6939x107 x2x 314 x S00W
Co60 60

[P =3632kW | Ans.

(). 7. (n) Discuss the gyroscopic effect on seapoing vehicles.
Ans, Gyroscopic Effect on Seagoing Vehicles (Ship) :

i
1 Transverse

axis

= 3632 10°W

irection

AEVIEW Longitudinal %Miiﬁ

AT T e o REth mle e Bow
SLsin {force-end)
(rear end)

28/

Bearings

Propelier
{i} Effect of Gyroscopic Couple on a Naval Ship During Steering :

Tramsverse axis

‘\ Left turn

Pt of viewing Axis ol spin Reactive pyroscopic
semifesrepdj———H —=—===== T-——"""= couple

Active Gyros, Couple

'
Naval 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 kg a left turn and rotor rotates in the CW direction when viewed from stern.

W hen the rotor of the ship rotates in the CW direction when viewed from the stern, it will have its angular
mcmentarn vector in the direction ox as shown below in Fig. (a).

X

>

Q

filt]
Q X

X

(a) rh)

As the ship steers to the left, the active G.C will change the angular momentum from ox to ox’ The vector
aa oo represents the active gyroscopic couple ard is perpendicular to ox. Thus, the plane of active G.C. is
perpendicular to xx' and its dircction in the axis oz for lefl hand tum is clockwise as shown. The reactive
syiosonpic couple of the same magnitude will act in the opposite direction (i ¢., the anticlockwise direction).
e effect of this reactive gyroscopic couple i4 to raise the bow and lower the stern.

{ii) Effect of Gyroscopic Couple on a Naval Ship During Pitching : Pitching is the movement of a complete
ship up and

&
e
L

| /

|

|

r r
U TN } - | Axis of spin X X

I b 50

I

i fili]

': T mpma». e X x'

: i

Transverse axis
fi) () Pitching upward {c) Pitching downward

Eifeet of G.C.on a Naval Ship During Pitching ; L

dowmn 10 a vertical plane about transverse axis as shown in fig. "2, In this case, the transverse axis is the
anis 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,
= dsinuw it
Where, ¢ = Amplitude of swing
i) = Angular velocity of S HM. = —md, 5
L
n

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

_d

i, =—
Pt

digs
=E[¢|smm|!}

@, = iy COS .1

Maximum angular velocity of precision,

(p) . = 03 = 52011y
Let | = Moment of inertia of the rotor in kg-m? &
w = Angular velocity of the rotor in rad/s.

 Maximum G.C Conax = Iw{“’ r }m“

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

{iii) Effect of Gyroscapic Couple on a Naval Ship During Rolling : For the effect of G.C. to oceur, the axis
of precision should always be perpendicular to the axis of spin. If, however, the axis of precision becomes
parullzl 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.

0. 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 parts 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 of 0.8 m and

a moment of inertia of 0.7 kg — m 2. Determine the load distribution on the wheels when the ear is rounding
a curve of 100 m radius at a speed of 72 km/hr to the lefi,
Ans, Given data,

M=2200kg
a=14m
I=24m

h = Height of C.Gi. of vehicle above ground,
[NOT GIVEN; QUESTION SOLVED WITH ASSUMPTION 1

1; = Distance of C.G. from front axle

I3 = Distance of C.G. from rear axle.

[NOT GIVEN SO QUESTION IS SOLVED WITH THE ASSUMPTION OF C.G. BEING EQUIDISTANT
FROM BOTH FRONT AND REAR AXLE]
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24
I, LA .
2
R 1, =12m
L e
Also [l; =12m _—
1, =07kg-m?
M, = 140kg

K. =150mm=015m
2 2 2
I, = M K: =140 x(045)" =315kg-m

oy '
= 11, =315kg-m" i

1=5
R=100m

5
V = Linear speed of vehicle  =72km/h=72x m

& V=20m/s

The forces accounting for the stability of the vehicle are ;

(1) Weight of the vehicle W = mg, giving rise to upward reaction at each wheel.

it} Precision of vehicle.

(a) Dead Weights : The weight of vehicle "W will be equally distributed over the four wheels which will act

downwards,

The reaction between cach wheel and the road surface of the same magnitude will act upwards. Therefore,
Read reaction over each whegl

W _mg
2 =1 ewlons
W 220098

3 =5390N (upwards)

3
(b} Centrifugal Couple :

MV2h  2200(20)*h

C.
‘ R 100

=RB00hN -m
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I his couple is balanced by the vertical reactions at the four wheels being positive at the outer wheels and
pesative at the inner wheels

Q_Cg _ 8%0Ch
2 2a 2x14

I'his 1s vertically upwards for outer and downwards for inner wheels.
{e) Gyrascopic Couple :

=3140hN

(i) Phae o wheels,
(4]

Vv 2

i = e Shrad /s
" £, 04

V. 20
ay = —m=——=021ad ‘s
A R g

fp“. =41, .0y py
Cow =4x07x50%02 = 28N-m

P_Cow 28 _
2 2a L

[N

This reaction 15 verticallv downwards on the inner wheels and upwards on the cuter wheels,
{113 CiC. due to engine paris,

w, =imyrad/s="5%50=250rad /s
D pe = @y
Cae =10, tp,

Cpe =315x250% 02 = 158N -m

- Cgc [58

E
E. EL = ITEI:_‘E.QN::EJN

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

W P F
Front (outer | ) = Q

=—t—t— -

4 r T 2

=5300+10+3140h+ 33

Front {outer 1) =3433+3140h
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Front {inner 29 S

W or Q F.
Rear (outer) 3 ——4-+—£+ -2-1-5' = 5433+3140h
; L 00 s .
Wear (innert 4 —'4_ 3 3 2
Rear {inner b4 = 5347 - 3140h

Fhe load distribution for the above case is shown as below :

[
1
i Rear
e e —————— -
i
1
1
I
y W4
L
2
AQ72 | Am

Wig T i W4
Apaz

Inner wheel

Outer A0 Direction of view $ 33
wheel : Fromt '
N, Ledt turn

€). B. Write shart notes on any three of the following :

{a) Balancing of v-engines

{h) Stahility of two wheel vchicles moving on curved paths
(c) Balancing Machines

(d} Engineshaking forces
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Ans. (a) Balancing of v-engines : Consider a two cylinder v-engine as shown below .

4 Line of stroke

Line of
stroke

oY - S i "y i e e e

Balancing of V-Engines
The common crank OC is driven by two connecting rods PC and QC. The line of stroke OP & O0Q) are
mclined to the vertical OY, at an angle o .

|1 m = Mass of reciprocating parts per cylinder,
[ = Length of connecting rod,
r= Radius ol ¢rank.
n = Ratio n!']engih of connecting rod to crank radius

> n=1/r
0 = Inclination of crank to the vertical at any instant.
w = Angular velocity of crank.

We know that inertia force due to reciprocating parts of cylinder 1, along the line of stroke,

cos2(a —8)]

= mmzr[ms:[u -8)+

& the inertia force due to reciprocating parts of cylinder 2, along the line of stroke,

cos2{o +0) |
n

= mmlr[cos{u +8)+

e batancing of v-engines is only considered for primary and secondary forces as discussed below :
Considering Primary Forces : We know that primary force acting along the line of stroke of cylinder 1,

Fiy = mercos{a - 8)
. Component of Fp| along the vertical line OY,

= Fp, cosa = mercodot - 8) cosa i)
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& component of Fp, along the horizontal line OX,

= Fp sina = ma*rcos{c — B)sine )
Similarly, primary force acting along the line of stroke of cylinder 2,

Fp, = mer cos{a +8)
. Component of Fp, along the vertical line OY,

= Fp, cosa = mo 2t cos{a +B) cosar i)
& component of Fr, along the horizontal line OX',

= Fp, sina = me rcos{ +8) sina iv)
Total component of primary force along the vertical line OY,

Fpy = (i) +(ii) = nuﬂlrcusa{cus{u —8) +cosf ot +'B:l]

H

= mw reosa + 2 cosacosh = 2me S reos? @ cosd

and total component of primary force along the horizontal line OX,

Fpy = (i)~ (iv) = morsina[cos(a - 8) - cos(a + 8)]

= me*rsing + 2 sinasin®
= 21:1:;1.2rs.ir|:Jj asinf
- Resultant Primary force,
2 2
Fp =y (Fey)” +(Fpu)
: 2 LN '
—, Fp =2muw*r (ms1 ucasﬂ} +:[5|n u.smﬁ} W)

Considering Secondary Forces : We know that secondary forces acting the L.O.5. of cylinder 1,

-
i, — Sl
n

- Component of Fg ~along the vertical line OY

cos2{c - 6) —

= Fg, cosa = m >

50 i)
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o cannpenent of R, alone the henizomtal hne OX

, ons2(o—) i

= !'-_-I SN = M~ [ — ¥ Sina
1

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

1 eos2{n +8)

Fg, = M F—————=

i}

{omponent of Fe, along the vertical line QY.
v

cos 2o+ 8
% ——r—{—w—-—-cns

= FFn CRSLE = M
= mn

& component of Ty, alone fhe horzontai line OX

o 5 cosMe+B)
- F-hz e e - 11 L
n

AT

Lot component of secondary Force along the vertical line O,

Foyy = [ vil) +{viii) = Lj:l xw"r cm;{:[msz{u —-0)+cos2{a +ﬁ}}

m s
Foy = —w reosa = 2cos2acns 20
n

rcosacosla cos20

2 m
ir'_-.,l.,r ==k

n

& wotal componemt of secondary force along horizontal line OX,
, - oy m 2 . .
Fopp = (vii) ~(ix] = —wo rsum[uml{u —H]—cnsz{u+3]]

n
L1 PR . i
— i rsine % 2sin2osin 20
"

2 ; . :
2rsinasin2a.sin20

= —ip

n

| T 2
Fs = y(Fsy )™ +(Fsu )

n

. Resultant secondary force
L Aoy R R R
Fy = —— xw " ry(coso cos2a cos 28)" +(sino sin 2a sin28)

-}
n
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{ ) Stability of Two Wheel Vihicles Moving on Curved Paths :
Consider a two wheel vehiele {say a scooter or motor cycle) taking a right turn on a curved path as shown

[ IR

- ;i Axis of
eactive (ol Precission

e

A T ful"l:[[l}f:l'-t:ﬁiﬂ ___'f.(_';:\r Tv,r,-

7’

{f
v

ip
| i | Froo whaegl

A
(_J Axis of

active G’

|
1
| ngune

lem

i
1

] 1 o sxhog!
i

L

T Radins . o cost
ZR S T B Sr-» X
ok trx W= mg !
- w0 ¢
" Avis of spimn !
firl ) fc)
Stability of Two Wheel Vehicle Taking a Turn
Ll i = Mass of velicle and its rider in ke,
W= Werzht of the vehiele and its rider in newtons
Wo=mg

h = Helght of C.G, of the vehicle and rider,
g = Radins of the wheels,
Ko Radivs of rack or curvature.
by = Mass memen of inertia of cach wheel.
Iy = Mass moment of inertia of the rotating paris of the engine.
erye = Angular velocity of the wheeis,
we = Angolar velocity of the engine
G=Gearratio =mp foy
Vo= Linear velociy of the vehicle =my, oy
@ Angle of heel, 1t is the inclination of the vehicle to the vertical for equilibrium,
(i) Effect of Gyroscapic Couple : We know that.

‘L"=mwxrw

Or wy =Y/ ny
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v
] UJ£=G.LIJI|I|I|=G—
& P
lotal (1€m)=2wxow tlgxwg
¢ R T
E TS R TR0, N1 T
T T'w T

& velocity of precision,
. v
op = =5
When the wheels move over the curved path, the vehicle is always inclined atan angle 8 with the vertical
plane as shown in ‘b’ This angle is Kin as angle of heel. In other words, the axis of spin i3 inclined to the
horieontal at an angle @, as shown in'c’, Thus, the angular momentum vector g due to spin is represented by
OA nchined to OX at an angle (). But the precision is vertical. Therefore the spin vector is resolved along OX.

. Gyroscopic couple.

\Y
Cy = lwcosB+wp = —(21y iG.IE}cmeE
Iy R

N
= ——{(2ly +G.Ig Jcos
R. Ty

2
tii} Effect of Centrifugal Couple : We know that centrifugal force, F, = my ;

I'his force acts horizontally through C.G. along the outward direction,
. : mv?
o Cenmrifugal couple, €, =F- xhcosf = o h oz

Since the cemrifiigal couple has a tendency o overturn the vehicle, therefore,
Total overturning couple,

Cy = Gyroscopic couple + Centrifugal couple

v m"u’2

= RIM{EIW+G.IE}mH+ * hcosB

C {3

V[2ly+Glg
R

- mh}cusﬂ
Py
We know that balancing couple = mghsinf

I'he balancing couple acts in clockwise direction when seen from the front of the vehicle. Therefore, for
stability. the overturning couple must be equal to the balancing couple. ie.,
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v_l{zzw +Glg

= +mh}cmﬂ=mg}15inﬂ

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 as rotors for electronic motors, fans, turbines, disc brakes, disc drives, propellers and pumps, The
machine usually consists of two rigid pedestals, with suspension and bearings on top supporting a mounting
platform. The unit under test is bolted to the platform and is 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 1o
determine the amount of unbalance in the part. Along with phase information, the machine can determine how
much and where to add weights to balance the part,

There are two main tvpes of balancing machines, hard bearing-and sofi 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 soft bearing machine, balancing is done af a frequency higher than the resonance frequency
of the suspension.

A hard bearing machine is generally more versatile and can handle pieces with greatly varying weights,
because hard bearing machines are measuring centrifugal forces and require only a one time calibration.
Therefore, 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. 1t is
suitable for high produciion volume and high precision balancing tasks,

Static balancing machines differ from hard and soft bearing machines in that the part is not rotated to take
4 measurement.

A blade balancing machine attempis to balance a part in assembly, so minimal correction is required later
on

PPartable balancing machines 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
batancing of the reciprocating parts, there is an unbalanced primary force along the line of stroke and also an
unbalanced primary force perpendicular to the line of siroke, The effect of an unbalanced primary force along
the line of stroke is to produce :

(i} Variation in tractive force along the line of stroke.
(1) Swaying couple.

(i) Hammer blow,

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 as tractive force. Let the crank angle for the first cylinder be inclined at an angle 6 with L.OS.,
as shown. Since the crank for the second cylinder is at right angle to the first crank, -. the angle of inclination

for the second crank will be (90 + E} ;
Let, M = Mass of reciprocating parts per cylinder
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C = Fraction of the reciprocating parts to be balanced.

-
mw st

LTI +

1"’“'_‘\1

ey - e il S

[NTHTEREL

=tk

b

L oirpeteonnt of fraive Foege

We knew thai enbatanced torce along Lovs, for eyele 1,
={1 —ijmlrcnsﬁ
Similarly, unbalinced Trce alene the D 105 Tures lmder 2
. '+ {_In'.-.lL.----'i'---
A per the detiniton,

Py Besadiant aibadmoed foree alone the L.OS,,
Fi = (1-CJmwreosd + (1 - Chmea ' reos/90 4+.6)

Fr=(1- C]mm‘zr{cusﬂ -sin@)

Swaying Couple : The unbalanced forces along the L.OWS. for the 2 cylinders constitute a couple about
the centre line %Y bhetween the cyvlinders as shown :

(1= ¢jmerreost
T T re
Line of stroke a2
tor eylinder 1 -

Line of stroke
for evlinder 2 a2

i

- :
/

{1—fme reos(00 +8)

Swaging Couple
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This couple has swaying effect about a vertical axis and tends 1o sway the engine aliernately in CW and
ACW divections: Hence, the couple 15 known as the swaving couple.
[t u -~ Distance between the centre lines of the 2 cylinder.

. Swaving couple ={I- C}mmzrmsﬂ ® % ~(1- C'jmwzrcus{% + E-}.;.

! :
=(1-C)ma’rx - (cos8 +sin@)
Hammer Blow : The maximum magnitude of the unbatanced force along the perpendicular to the L0515
ks s hammer below,
Harmer blow =Bu’b

I'he effect of hammer blow is to cause the variation in pressire berween the wheel and rail. The limiting
condition in order that the wheel does not 1eft from the rails is given by

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

B
W= f—
"“VB.b

Ilammer blow

o e 180~ 7t 3607
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