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B.Tech.

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

0. L. (i) State D' Alembert’s Principle.

Ans. D'Alembert's Principle : [t states tha the ineriia forees and couples, and the exiernal forces
and wrgles on @ body weether give siatical equilibrium

1€ FosFarFivaannntFo=G

L8 .I"_.|+T.ﬂ,3+rx_:+ ............ *?.:l =1i

(). 1. {if) What is the function of Oywheel?

Ans. Funetion of Flywheel ¢ A flywheel 1s used to control the varations i speed during each
evele of an enzine. A NMywheel of suitable dimensions anached to the crapkshan. makes the moenr o
mertia of the rotating parts quite large and thus, acls as a reservorr of envrey.

Durmg the period when the supply of enerey is more than required. it stores eoerey and dusing 1
perteds the requirements s more than supply. it releases enerpy.

LA bo iy W by s balancing of rotating parts necessary Tor bigh specd enzines.

Ans, The high speed of engines and other machioes 15 a common phenvmenon aow-a=duy s, 11
therefore. very essential that all the rotating and reciprocating parts should be completely balaneed as fur
as possibtle. 1F these parts are not properly balanced. the dynamics furces are setup. These Forces not only
merease the loads on bearings and stresses i the various members., but also produce unpleasant and even
dangerous vibrations.

Q. L {iv) Asingle cylinder reciprocating engine has speed 240 ropani., stroke 200 pom, mass of
veciprocating parts S0kg, mass of revolving parts at 150 yum radius 37 kg 1 owo third of the
reciprocating parts and all the revolving parts are to be balanced find (i) The balunce muass
reguired at a radivs of 400 mm. and (ii) The residual unbalaneed Torce when the crank has rotated
Gl® from top dead center.

Ans. Liiven : N = 2ilirpm or =2 ?ig = 2514 rad’s
* 1’.:‘}
Stroke =300 mm = 03m: m =50kg, my =37ky
relSum=015m; =23
e mass regutd
et # = Bulance mass teguired
b =Rudius of rotaton of the balanee miss = Hnm
SRR

W know tha
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B h={ne «c.omp

R
B4 L 374+ gx s01015=1055

/
Or A =263180kg Ans.
Residual unbalanced force

Let o = Crank angle from top dead centre = 607

. . | 3 & s,
Hesidual unbalanced force =wnume 101" cos® - Gin

- i 11.? 3 M
SOE25.14 0 ats 1= J cos” 607+
L3 h

y

A4 (U] = 2849 N Ans.
Q. 1. (v) What is sensitiveness of governor?

aa |l b

J' sm* 60° N

Ans. Sensitiveness of Governor : A governor 15 said to be sensitive when it readily responds tou
small change of speed. The movement of the siecve for a fractional change of speed s the measure o
SCTSIVITY.

Mean speed

SCNSINVENESS = — ————t————
Range of speed

= I\.

N =N,

s+ Ay
N

e

B | ==

Where, & = Mean speedd
Ay = Miimun: speed corresponding to (ull load conditions
M= Maximum lead corresponding 1o no-load condmions.
€. 1. (vi) State different types of governors,

Ans. Types of Governors : Governors may be classiied os

i1 Centritugal wovernors and (i) Inertia zovernons
Wan governur - Parter governor
— Proell povernor y — Hartnell governor

Hartung governor,
(). L. {vii) Distinguish between brakes and dynamomeler.

Ans. A brake 1s a device by means of which artificial fricuenal resistance 15 anplicd 1w a moaving
machine imember. i order 1o retard ar stop the mueleere ol 5 macioe

A dynamoneter 15 a brake but s addition ax has o device o measure the frchiongl pesistaney
knowing the [rictional resistance. we may obtain the torque trunsnutied and hence the power of thy
engmne:
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Q. 1. {viii}) Write a short noie on gyroscope.

Ans, Gvroscope : A gyroscope s a device for measuring or maintaining orientation, based on the
principles of conservation of angular momentum. In essence. a mechanical gyroscope 5 a spinniny
wheel or disk whose axle s free 1o ake any ertentation, This oneniation chanees much bess e responae
r 3 grven exrernal torgee than ir would wirthont the farge anpgelar momenmm wsocned wah the
gvroscopes high rate of spin, Since external torgue 15 minimized by mounting the device i wimbale 1l
orientation remains nearly fixed regavdiess of any motion of the platforen on which it e moaed

. L ing An aereplane makes a complete half cirele of 30 meters radivs. towards left, whicn
tiving at 200 km per hour. The rotary engine and the propeller of the plane has 2 mass of 400 kp
and z radius ol gyration of 6.3 m. The engine rotates at 2400 rpm clockwise when viewed from the
rear. Find the evroscopie couple on the aireraft and state its effect on i1,

A, Coven R St v=tbkmbr=3300vs. m=J00ke.
K =idm. N =2400rpm
2400
L =2 s =25 14 rad- 5
)

The mass moment of imertia of the engine and the propeller

[=mk® =400 103)° =3 ke-m°

& angzulir s ciocioe ul precision

Woeknon thal eyvroscome counle acling on tie geeral

=l = 5o 25k4 R0l
= PG N

. i Explain tersion dymanemeter,

Auns. Torsion Dynamometer @ A lorsion dvnamuorscter b used for measuring forge pawers
particuiarly ihie power irmnsotted along the propeliershaftora turbine o1 moten vessel, When the powa
is berg transnitted, then e deovosg end of the shadt twast throwgh o small anede telative w e drisen
e of the shatt, The amoant of twist depends opon many factors such as wrgue aeting on the shalt 7).
bemgti ot tie sinatn o0 deaaneter of the <ha 00D ) and modutus ofrgsd ey ced of e madtersal of e siadi

» |I |'|I!
P e |
“+ ! [ F | 1
[ R e |

Section—{ A}
0. 2 (o) A punching machine earries oul & holes per minute. Each hole of 40 oum dia. in 35
mm thick plate requires 8 N-m ol n:ui:i’g}'r’mm: of the sheared arca. The punch has a stroke of
45mm. Find the power of the motor required if the mean speed of the flywhee is 20 s,
Ifratal Muerwation of speed is not to exeeed 3% of the mean speed. deterinine the mass ol the
fvwheel.
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Ans, Given, d =40 mm k=003
t=35mm  siroke =95 mm
v=2mes

Power, P = Erergy required for punching work:s

.. .
= — {Energy required: mumune )
o0 EY req

I e . e
6‘:31Encrgy requiredhole = No. of holes misiute)

"

r_l-[f-lx [l = )= &)
=L {(mxd0x 35% B)x 6]
il

1 o
=— | 351 86= 5)
fil)

=3319N-m's or 3519 W or 3519 kW

Actual ome regquired o punch a hole in 33 mum thick plate
Il
4k

w35=1R42%

Encrgy required’hole or energy supplied by the motor in 10 seconds
=melt » B=35186N-m
Energy supphied by the mator in
B2 A
i

=481 N-m

ad

% L8427

Enerpy supplied by flywhee| = 351E6—-648] = 28705 N-m

bo=—
2E
25705
Q03= 10
2k
Lar, E=478417

Lon? = 478417
bl

éw{lﬂﬁ = 478417
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i mi=2392%p

). 2. |b) The turning moment diagram for u multicylinder eagine huas been dravwn 1o a
vertical seale of Tmm = 650 N-m and a horizontal seale of Imm - 4.5%, The areas above and below
the mean torque line are —28, +380, -260, +310, =300, +242, -380. +265 and -229 mm’,

he Muetuations of the speed is limited to + LB% of the mean speed which i5 400 rpm. Density

of the rim material is 7000 kg/m® and width of the rim is 4.5 times its thickness. The centrifugal
stress (hoop stress) in the rim material is limited to 6 N/mm®. Neglecting the effect of the boss and
arms. determine the diameter and eross-section of the Dywhee! rim.

Ans, p= TU!NJkg.'ln1

[ =610 Nm'

N =4 mpm k=001%
h=d3s
f=pv”

B 10" = T000% v*

v=2028m's
N 5
Or il ___"Hil" mgzma
falh [
Lir o = L3098 m
Perthe lvwhecl AEm a=£
| h=£E-28
ARy 30 243 263
5. BN v ,_/_‘\_E h" N ’
g d e,
E 15 20t M) 180 224
%‘- '
E .
0 [ I

— Crankangle ——

Al c=E=28+380=E+152
Al d=F+352-260=F +92
Al e=E+92+310=E +402
At f=E+402-300=E+ 102
Al e f+102+242=F+ 344

At h=E+3144=380=E - 36
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Al i=b -36+265=E+ 220
At h=E+220-220=E
Muaximinm enerey =F+ 402 (ot e
Minmimum energy =~ b jat )

Maximuom fluctuation of energy,

Ce =15+ 32— E =36)= Horizontal scale = Vertical scale

—43Kx 45% © ix 650

I L
= 22360M-m
p= Euo
ek S
p .l
Q018 = ——‘jj’m —
CLIGRYT 2w 400 Y
-"ﬂ! i | |
v o2k A

=1 kg
Density = Valume - 1349
predmd )y el = 1449
(M mw L3O8 < r w457 = 1349
1 =023 m or 1023 mm
fr=d5x W23=4605mm
). 3. The torque delivered by g two-stroke engine is represented by
T = {1000 - 300 sin 20 - 500 cos 20) N-m
Where, Bis the angle turned by the crank from the inner dead centre. The enginc speed is 250
rpm. The mass of the Mywheel is 400 kg and radius of gyration 400 mm.
Determine ;
{i) The power developed
{ii} The total percentage Muctuations of speed
{iii) The angular acceleration of flywheel when the crank has rotated through an angle of 60°

from the inner-dead centre.
(iv) The maximum angular acceleration and retardation of the flywheel.

Ans, The torgue being a funciion of 26, the cycle 15 repeated every 80 of the crank rotnon

n

: L pn
(i) 'rmn.-w —_ ! I.de
ki L
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ek |7 11000+ 300sin 29~ 500cos 2640
ﬂ il

3 1
iﬂv‘.}fﬂ---gi}c EH—EE?sm EHJ
2 2

]
n

£ "
1, UE!—-—msEn a} - (0-150-0)
ﬂ_
= 0D N-m
W P=T.o=1000x 2220 _s6is0w
60
Or =2618kW

(i) Arany instant. AT =T =T i

= { 10U+ 300 st 260 - 300 cos 201~ 1000

= 300 sin 20 - 500 cos 20

AT 1s zero, when 300 sin 26 - 500 cos 28 =0

Or
Or
Or

{iil} Acceleration 15 produced by excess or deficit torque at any moment

When

20U sin 28 = 500 cos 20
tan 20 =33
26 =59 or 219"
8=295%0or 1 19.5°

115
Lm j"'l_r‘i

ey i
={,. (300sin20-500 cos 20)0

=| =130 cos 28 =250 sin "ﬁ};ﬁ
=5E3IN-m
PO S | S
mk “ o 4ﬂﬂ'h’{ﬂ.4]z !}' 2mx 25{}1
L fil .

= 001329 or 1329%

AT =300 wn 26 - 500 cos 26
B = 60"

AT =5098N-m

Jx=mkia =509.8
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Or J00x ((13)° x o = 504 8

= T966Gradis

i

(ivy For AT, and A7

i (AT) = L {300 sin 20— 500 cos 28)d8 = 0
o i
¥y 2= 30 cos 26+ 2% S0 sin 2h = ()

HO0 cos 2 = — HHIW s1n 26

Cr an 20 = -06

i 4 = 149047 and 12904°

When 20 =14904° T = 13831 N-m. AT = 3583IN-m
When W =32904° T =4109N-m. AT =583 1 N-m

As values of AT at maximum and minimnum torgue 1 are same. maximum acceleration 1s cqual o
miaximim relardation.

Or AT =mk o =583.1

Or 400x (0417 x & = 583.1

Maximum acceleration or retardation, a =911 rad/s”
Section—{(B)
Q. 4. The foliowing data apply to an outside cylinder uncoupled locomotive :

Mass of rotating parts per evlinder = 360 kg,
Mass of reciprocating parts per cylinder =300 kg,

Angle between eranks = 9"
Crank radius =0im
Cvlinder centres =1.78m

Radius of balance masses =0.75 m,

Wheel center =L45m

1f whole of the rotating and two thirds of reciprocating parts are to be balanced in planes of
the driving wheels.

Find : (i) Magnitude and angular positions of balance masses.

(ii} Specd in kilometers per hour at which the wheel will lift off the rails when the load on
cach driving wheel is 30 kN and the diameter of tread of driving wheels is 1.8 m., and

(iii) Swaying couple at speed arrived at in (li) above.
Ans, Given, my = 360kg, my =300kg. LAOD=90F

Fyo=ry ={13m, a=175m. g =k =073m:
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C=23
We know that the equivalent masses of the rotating parts to be balanced per cylinder

2
M=, =Mmp =m +6my =3E-.{I'+'—?:>¢JD{}

=560ke
Magnitude and angular position of balance masses
[ ety and me = Magnitude of the balance masses and

1y and 8- = Angular position of the balance masses my and m- from the crank A,

Cylinder Whecl Cylinder
AQ B ?E: P
0.3
By
075
BO--=" (3—0 A
e
hism
115 ————— —
M~ 145 m J/ 0.75
175 m - Oc¢
(a) Position of planes (b} Position of masses
dl
'.I'. i
L]
L]
&
\
6884 %108 m 1684 Y 0.75m,
%
4 168 a
L]
d————a0 075 m,
252
ic) Coupte polygon (d) Force polygon

Assuming the plane of wheel B as the reference plane

Plane Mass (m/kg) | Radius |Centrifugal force| Distance from l Couple
{r)m = (m. r) kg-m plane B([} <ot {mr ) kg-m?
(1 {2) {3) (4) (5) | (0
A 560 0.3 168 -01s | ~25.2
B(RP.) my 0.75 0T5myg
1 "y 0.75 075 m- 1.45 ‘ LO8 -
D 560 0.3 168 1.6 | 26838
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th) Speed at which the wheel will it off the rals
e P = 30kN = 30% 107N D=18m
Let o= Angalar speed at which the wheels will Lift off the rails in rad/'s and
v =Corresponding Linear speed in km'n
Each halancing mass
iy =g =249k
Balancime mass For reciprocatng puarts

e i A 11 1]

s = a M= = JAT
st 30A00
=40y
e vets 3= 212 LR 2 = 1908 ms
oo
=908 ~—— =l Thmh
L
{e) Swaving couple at speed =21 lrad:s
=) 2
=t = e 3 A F
02
. .
l?f\i - 2 f
= -t T 3002121 03
Lo

= 1ahH8 7T MN-m
(). 5. The tiring order in a 6-cvlinder vertical four stroke in-line engine in 1-4-2-6-3-5. The
piston stroke is 100 mm and the length of each connecting rod is 200 mni. The piteh distances
Lietween the eylinder centre lines are 100 mar, 100 mm. 150 mm. 100 mm and 1D mon respectively.
Ve reciprocating mass per cvlinder is 1 kg and the engine runs at 3000 rpm.
Determine the out of balance primary and secondary forces and couples oo this engine
taking o plane pidway between the eylinder 3 and 4 as the reference plane,

. L .
Ans. Lirven, L=ltlmmorr= = Sthym = 005 m.

J = 2mm

mo= Ry AN o= 3l rpim
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¢ |0
=y ...._..1';-'.'..!.1_-...; “hi " Line of slraks
| -
- i
x i f
I
i
I
1
I |
1 ' 3 3
i i ] ! s *
i ) Al ITEE T .,
s i e f (b} Primary (e mecanilary
(a3 Pusition of planes crank position crank pusition

With reference 1o plane midway betw edn the cylinders 3 and 4 the dats may be abulared s

Plane | Mass (m) kg ] Radius !Fenl_!r"_ﬂugul farce | Distance I"rm;—i- {'au_;;: < (e b )

| Lo m | =T (mr) kgom plane 3hHm | ko-m*

I ¢ | u0s | 00 Lo—e2rs | u137S
2 ] ! 0.08 f 005 | 0175 :; _DLRATS
3 | i 0 13 E 005 | (.075 ': 00378
4 | | | (05 a 005 ‘ + DOTS ! C LORTS
s i | oos | 0,05 I 0175 : L .0usTS
noo i i th(s : .05 i v (L2375 E eI

13

F o9

f

Primary couple polygon secondary couple polyron
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From figure (dy and {ed we see that the primary and secondary force poelygons are closed,
Therefore there are oo ol of balance primary and secondary forces. Thus, the engine 15 balanced for
ey and secondary farces,

Adso primary and secondury couple polypons are closed figures, Theretore there ¢re no out ol
balunce primary and sceondary couples, Thus, the engine 15 balanced for primary and secondary
Loupies

Section-—{{)

0. 6. A porter governor has equal arms each 250 mm long and pivoted on the axis of rotation.
Each ball has a mass of 5 kg and the mass of the central lead on the sleeve 15 25 kg, The radiuy ol
rotation aof the ball is 150 mm when the povernor begins to [ift and 200 mem when the governor is at
maximum speed,

Find the range of speed. sleeve lift. governor effort and power of the governor in the
following cases :

(i) When the friction at the sleeve is neglected. and

(i) When the friction at the sleeve is equivalent to 10N,

Ans. Gnven BP = 8 = 25(hmm, m=3kg: Al =25ke

= 130 mm: o= 2mm: F=10N
{i) When the friction at the sleeve is neglected

Let, ¥, =Mimmuom speed. and

M- = Maximum speed

hy = PGJIBPY —(BG) =4(250)" —(150) =200 mm

= {12 mm

Mg
{a} Mintmum position {b) Maximum position

hy = PG = (BP): -BG? =+250% - 2007

=150mm=015m
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» N 895 5425 895
SLEA R - e W ———

We know that. My = - PR
" .‘:; 5 N2
= Jak3n
Ay =10d rpm
: A 1 e T B95
& (N1 :"'_*“_;fﬁ.._:'r.._tgé,{_“_;:]ggi_ju
" i fry 3 013
Moo= 18Y rpm

Range of Speed : W hnow that range of specd
SRR I vt o D o TH
Sleeve Lifr;
s :hrrl .lrr: b= 2200 L5 = 1 mm = (L m A,
GCiovernor Elloert @
Lot € =Puerventate morcase mospeed
W knew that merease o specd or range of speed
Cohp=Ni=A =25rpm

1 a
C=7 =208
N

16

W kmow thar governor ol fort

P+ AT =il 5S4 2308

24 TN Ans.
Ponnr ol Ehe o 2o =g T il = 247N em
(i1 When the friction a0 the sleeve is taken into aceount
i s Rt g ), 195
g s

Sw GE1+ (25 0E1-10)  BYS
T soem w2

2303K

My =18lmm

e F) KOS
& (N = Mg TAN ST = ?
Hy e My
R I o UK § 5
O it ad ol T T
Sw R s
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Ao = 1024 rpm
Range of Speed
Moy =M = 1924 ~i6la 114 rpm Ams.
Sleeve Lift : The steeve Tift (x) will be given as
v=100mm=01m Ans.
Governor Effort @ Lerd = Percemtape inciease in speed
We knew that wnereese mospeed or range of speed
Ny =% -M =214 mpm
pad B s
Ny ol
Governor Effort :
P=Cling+ M g+ FY=01055~081+23- 981+ 1NN
=374 N Ans,
Power of the Governor :
Power of the governor = Pa=5374= 01 =574 N-m Ans.
Q. 7. o & Hartnell governor. the tengths of ball and sleeve arms ol o bell erank lever are
120 pum atnd 100 mm respectively, The distanee of the Tulerum of the bell erank lever from the
gonvernor axis is 140 mm. Each governor hall has & mass of 4 Kg. The guvernor run at a mean speed
of 300 rpm with the ball arms vertical and =leeve arms horizontal, For an inerease of speed ol 4
percent. the sleeve moves 10 mm upwards. Neglecting friction. find :
{i} The minimum equilibrivm speed if the roral sleeve movement 1s Hmited 1o 200 mmn
{ii} The spring stiffness
{iit) The sensitiveness of the governor, aind
{iv} Fhe spring stillaness i the governor is 1o be isochronous at 300 rpun,
Aans, Oven., v =] Nmm=012m:
v mm = o
= At =idE m
my = R
A= Sirpm,

oy L
i = dge —— = 3042 rad s

flk

fy = 0mm =00Tm A = 20mm =002 m
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(i Minimum eguilibriem speed
Lot Ay = Minmom cquilibrium speed
ro= Hadws of rotation in the mummum positiion e, when the sleeve moves downward, and
ry = Radius of rotaton in the maximum position e, when the sleeve moves upward
Suice the jnerease i speed s 4% therefore maximum specd
No = 004N = 104N = L 0= 112 9pm
i = J H: = ¥F7 radgts
. i
We kirow that Lifr of the sleeve Tor the masimiin pasiaon
iy = -dy =Q0Z-001 =G m
Foo the munmam posiiion

By I orry =r=f % iz!JH-—ﬂﬂihP—Jj
1 £ ¥ ai

=M 28m

For masamum PUE!HH."I

B et v o 2 .
ar i =r=fiy s — =+ 0l == =0152m
' : i i
Cemrifaeal foree in the aieun position.
Fooomwp=303142 014 = 883N
Cenritazal Bwee an the naenmeam posiien
L] ! 1:"' :| L5
T o = il by
i o -rHHI' I Iy '-I"t pam | {1128
=OORSHA ) ()

Cenmifueal force in the nsamuam posting

Fro =i, Fr =4%(327)°0152= 650N

Centrifugal torce at any snstalst

en = oPAA4-DI2
SRl A0S F, Y S i
v DI32-012%)
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f43-1258 —
=2 T = 456N
. {15
From equations (1) and (1)
(N =20 81428 oF N, =2854 Pt Asis;
UAG
Section—{D)

e L)

Q. 8. ta) Discuss the etfect of the gyroscopic couple on a two wheeled vebicle tuking a turn.

Adis, Comsnler a two wheel velucle takimg a orghr turn

ANXES O precision

' i ——— Heachive gyroscone
0RY i 'r i ty
| [ ARTR R P | [ -
l ,IIE } iy =
_J L .
XI5
gt
[_—}l.l?.':lh' n of active
: s LYTUSCOPIE
— ; couple
#
b st whicel F/ a
| _IJILH vl 4 : .
I""r\: ) 0 T s
e RN
CHTTTER T ‘j"""%"f i
TN S ‘ai"HTI : A
0
T ih} E

Let o =Mass of the vehicle and its vider in kg
Ho=Weieht of the veluele and its nder in newtons = mg
fr =Hewght ot the centre of gravety of the vehicle and nider
¢ =HRadws of the wheels
£ =Radws ol track or curvature
i, =Mass moment of mertia of coch wheel
{ - =Mass moment of merta of the rotating parts of the engine
ity =Angular velooiry of the engine

u = Angzular velocity of the wheels

" ) i
ti = Gear ratio = ==
L

e Lanear veloerty of the velcle =m, - r,

= Angle of heel. It s melinanen of the vehicle wahe veroeal for eauiivrium.
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(i) Effect of Gyroscopic Couple

vEun, W, Oy, =

RN E

i
X vy =Gm, =0ix—

i

Foutal dxwj=21 ~w, g uwg

i I TR )
Wi G —=— 2, FGL )
oy ror

[ i

=2

-
& ovelocity of precisionw, =

When the wheels move over the curved path, the vehicle 1s always inclined ar ap angle G with the
verucal plane. This angle is known as the angle 0 heel. In other words, axis of spin 15 melined 1o the
borizontal atan angle 6

: . ¥ . ;
* Lyroscopic couple O =/ weosthxw,. =— (U, 0, jrost~ ;.

[
i
= % 1, 2Gly cos B
(i) Effect of Centrifugal Couple
Centrifugal farce, F. o= ’{:;--_

This force acts horizontally through the centre of gravity {C.G.) along the outward direction,

TN

e Pmnsﬁ

Centrifugal couple €5 =F, = ficos b .—I £.ﬁ"
b 4

Sence the centrifugal couple has a tendency to overtum the vehicle,
.. Vetal overturming couple.

¢, =Gvroscopic couple ~ Centrifugal couple

1 -

= 2, 4Gl peos 8- v heos
R.r, f

!

ar 1
=ii —-_--?"r e HGlg +m" |cos®
RL 1 J
w,_ know that balancing couple =m g h.sin 6
The balancing couple acts in clockwise direction when seen from the front of the vehicle
Therefore for stabiliry. the overturnimg couple muost be equal to the balancing couple 12
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VLA i,

- | e /Ll !cus 8 = gl sin 0
il i

The valie of anple of heel (0 )may be determined so that the vehicle does not skid.

Q. K. (b Find the angle of inclination w.r.t, the vertical of a two wheeler negotiating a turn.
Given : combined muass of the vehicle with ifs rider 250 kg; moment of inertial of the engine
tlvwheel 0.3 kg-m'. moment of inertia of each road wheel 1 kg-m*: speed of engine flvwheel & times
that of road wheels and in the same direction; height of centre of gravity of rider with vehicle 0.6
m: two wheeler speed 90 km/hr; wheel radius 300 mm; radius of turn 50 m.

Aus, Liven, =250k ip =03kg-m": /., =1kg-mr.
F i 3
A =3 or G=——=5§ h=dom
Uiy

r=090kmhr = 25m/'s; ro=300mm=03m: R =3530m
Let )= Apgle of inchination wor.t. the vertical of a two wheeler

We know that eyvroscopic couple

2 51 .
Cy = (N 4G ool = ——{ 2x i+ An (3 jens 0
R~r Sl
= Jdwns 8 N-m
de centrtugal couple
= 250 (25)
Hi :—xt-‘_ » Qbcos A

Ca =———wficos it
K

L

U
=1875cos B N-m
oo Potl overturning couple
=+, =146c0s U + 1875cos B
=202 lcos O N-m
W know that balancing couple
=mghsin 6 =250x 9.8 1= (Lhsin A
=14713sin 8 N-m
sSmce the overturming couple must be equal 1o the balancing couple for vquilthrium condition,
therefore

202 cost? =147 . 5cosd
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o P LB L L T IIe
cost 14715
b=35194% Ans.
(2. 9. The turbine rotor of a ship has a mass of 2000 Kg and rotates at a speed of 3000 rpm
Clockwise when looking from a stem. The radius of gyration of the rotor is .5 m.
Determine the gyroscopic couple and its effects upon the ship when the ship is steering ro the
right in 2 curve of 100 mm radius at 2 speed of 16.1 Knots (1 knot = 1855 n:hir.

Caleulate also the torgue and its effects when the ship is pitching in simple harmonic motion.
the bow [alling with its maximum velocity. The period of pitching is 50 seconds and the tota)

angular displacement between the two extreme positions of pitching is 12°, Find the maximum
acceleration during pitching motion.

'J &
Ans, Given, i =2000kp: N =3000rpm or w=Jax S
il
=314 2rad's
1833
c=Am, R =100m, v=lalknots =1als —22
| 2600
=X3 m's

Grvroscopic Couple : We know that mass moment of inertia of the rotor,

[ =ack= =2000005)" = 500ke-m-
Anpular velociny of precision.
i

53
W = = > 20083 radrs
R 100

o Gyroscopic couple,
C=doommy =500x 3142« 83
= | MW N-m = 1304 kN-m

When rotor rotates clockwise when looking from a stern and the ship stress to the right the eitect
ol the reactive gyroscopic couple 5 to raise the stern and lower the bow,

Torgue during priching
Liver. 1, =50s: 29=12°0r $=6°= 6x ——
e n “ . 180

=105 rad

W know that angular velocity of simple harmonic motios

b
ik

3
2

oy = - == =Q1257rad’s
r, 50
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& ki anpular vejocity of precsion,
43 gy =iy = LLDS A 0] 257

— G122 rad s

S TeTLe or MAXinwm gyrssTople couple during picching

Cop wdmm =50H= 31 4.2= 00132

= FomEE

~MA Mo Ans,
Yo aveeleration during pilehinge
O e =00, i = RLOSOL2E Y

=N Erad s Ans.
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