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caused by farce, rotation maotion is caused by torgue
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Change in KE = Initial KE

ik
T I
i LK
o )
[{ 1]
DONT md's
la »mka
S0 = 10
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Example 5.20
A right circulir dise of weight 1 500N and 750 mm diameter s free 1o rolale aboy
] = i
geometric axis and is constantly accelerated from rest o 300 rpm in 206, Determing thie

constant torgue required to produce this aceeleration

Solution
i iy il
2 v 30N
> ) 4 a = 20
i
2mx 3K -y -
I — =157 radis
fil) = 20

Moment of inertis of disc, | = mk

Wr
E i

0. 75
1500 2
l’ .I\] 3

= 075 kg m
Torgue, T = la
=075 .57
16,88 Nm

Example 5.21

A shaft of madius r rotates with constant angulor speed w in bearings for which the
coefficient of friction is p. Through what angle 0 will it rotate after the driving lorque i
removed

Scrlution:
Frictional force = yR_ = pW
Torgue due to frictional force = pWr.

Initral angular velocity @, = w

Final angular velocity @, =0

T=uWr




| q.th.,l.” iy

Miine the

h the
ue is

W
]
|
[T I-.l- §
R
iy
Lep | | i1 ']
L i 2 [+
2]
Sebstiiutmg lor«
i
= =g
i

£4. Rotation ender a constant moment.

d e i
de- |

When the moment T 15 a constant,

d'o 1
dr’ |

l‘htfqlﬂl“l_‘ﬂllfﬂﬂg!d!‘hd-\. rotating about s Fixed axis is o= by

1+¢; , where ¢ 15 a constant of micgration
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Example 5.22

Solution

Integratmge.

!u',{u.' I

Condider the vertical

dil I
die 1

copstants ¢, and ¢ can be obtuined by ap

velocity ; and angular displacement B
i

] = ] js . .
A sohd nght circolar drom of radius 0.3 m and weight 150 N is free to rotide ahayy Tl

the time *t" required for it o fall through the |h.':j.!|'|t im

Let P be the tension in the string

n
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modist of oty ()
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L5 L

is some othet constant. The valye, of

peometric axis as shown in Fig 5.1 Wound arpund the cicumlerence ol the drum is E\IITII"'

flexible corid carryving at its free end o weight 45N 1F the weight is released from res, firwd The 1
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e rotor and the shatt weiphts 2300 N and the mdius of gvration with respect to the

L PN 15 - 50 mm. Calculate the acceleration of the alling weight 450 N if the shafi

o (2% mm
il —

2
wL i / /.r-—-‘\

1 e the lension i the stnng

JuEF

arque due 1o the weighl, T« Puy S

T=la
Par=1mi
a 2500 035
P =mik == . ~o "a
F QR 0125 Fig. 513
P= 101917 a

Coaader the dosmward motion of weight W

W
W-P= v a
¥
W
W=Pe—a
¥

- "
101937 as = =a
Al

= 1065243
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a =00545 p

Comsader the downwand motion of werght 400 N
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b e nlnng

thown i Fig

N

Mt fowce = m

400 -~ p rul
T 4
i
i . il
LWl f ’ 0.6 -
9 &
100
SO = p fi y (<
N
400 U 1.33 p
P= 17167 N
=0 0545 p
00545, 171 67

936 rad's
| ra
06 916

562 m's

Acceleration of weight 562 m/'s

Tension m the siring = 17167 N
Fuample 5.25

A right eifcular eviinder of mass SO0 kg and radiis 10 cm i &
w wound around its circumierence. 1 the ¢
of ity mass centre and the tension in @

e BITINYL

SOunion
Liet the rension m the string be P, accelerniion of mass centye
o of eylinder o

Consider the downwurd motion of cylinder
Met forpe = mass x acceleration
mg - P mxa
300 « 9.81 P+ 500
P+ 500 a 4905 ———1})

Torque, T=Pxr=la

4
mr
= — 5

»

spende
Irnder 15 allowed 1o fal

Irést

3 and

|'t';J'..L: accclera-




Substituting the value of P inegn (1}

T80 4 + SO0 a = 4905
2= 654 m's
P=250xa
450« 654
1635 N

Exsample 5.26

o Veow vl
Two blocks of musses |0 kg and 25 kg sre attached to the two ends of a flexible rope

The rope passes over a pulley of diameter 500 mm. The mass of the pulley s

-

Skg and its

mdius of gyration s 200 mum. Find the acceleration of the masses and the tension on enther

side of the rope

Solution.
Consider the downward motion of block B

myg—Ts =my, xa
25x9.81-T, =254 (1)
Consider the upward motion of block A
T,—m,g=ma

T, =10x98]=|0xa A1)
Consider the rotation of pulley

Net torque = la

T“hr—]"ihr:mk'. -‘i

r

From &4

Examj

The
6m,
mane tk
Solutios

Let
areley
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Example 5.27

The composite pulley shown in Fig 5.17 weighs 800 N and has o mdus of gyration
16m. The 200 ke and 400 kg blocks are attached o the pulley by strings as ihown, Deter

mine the tension in the string ond anguinr acceleration of the puliey,

solution
Let a. be the downward scceleration of hlogk of mass 400 kg aod) o, be the
sxseration of 200 kg block and o be the angubnt ncceleration ol pulbey

n =road 8, =TQ

B = 0560 and a = 0,75 a

b L8]




i .
Equation for the motion of the two hlochs
Net foroe = ma

400 » g I L e

T _'nu,_; J0(h« a
[.-200g= 200x15a
Mg =300 g ——ditl} l{,"//’:\\\\
S

Equation of mation for the pulley

Net Torgue = | o

] 4
05T 0.787 800 B = i
QK1 0nsx
L | 0D75T =587 s e 1Y)
| 1|.1'!|IL|'.1
[ =15T, «117.44a . l
Substituting this value of T inegn (ii) 1
1 |
400 g - 13T, - T4 a =404 Fig, 517
I.‘:t‘f‘f“_ﬂ L Q6 — (v}
Addmg eqn (111) and egn (v)
b !1'-':; = g 9
B =101 ms
& =15 =152 ms

a4 3 ma 3
ag= ——=202md/s"
05

T, =200g+ 3008 =200x9.81 + 300 «1.0]

I, = 265N

I, =15T, 4117442

152202+ 117445 1.0] =3516 1N

STLLR
sl
U.,,,.n'-‘T

Jes
sroles

g
- .-1..,l|.h:' 1

"
N

curved ling
translation
5 g examy

the motion
carmed out
shown in f

Wheels
When 4

-

[
]

in Fi

Line




rl:ll"" ot
i

ion of rigid body

"

_ation 15 said Lo be i iation MOtIOn WI!{'“ 1l

| e paurticles o'
o5, I granslation all the pttic]e P of a body

5 Iu11|1|n|.z the } t
» : ) e body mMive §
¢ 4 |!i-1,i are Sif 11_Uhl IJI!L‘\. ”IL' mMotion 5 \.._gl.11 o he 0 e -]|,|- i
&2 i L l!IC-IrH

Mg ||]ul:|g COnCer
g parallel pathy. 11
anslation, if the [raths

» AT

A
Fig 5.18. Translation Fig. 519, Rotation

arved HHNES, the mohon 15 & curvilinear translation. Any plane motion which is neither a
:l3"""|"r"“ﬂ nor & rotation is referred to as a general plane motion Rolling, without slipping.
g example of plane motion.For the analysis of general plane motion, it is convenient i .‘i‘ll-n
e motion 1t translation and pure motion of rotation. The analysis for these two cases 13
ried out separaiely and then combined to get the final motion of rotation and translation, as
down in figures 5.20 and 5.21

Wheels rolling without slipping.
When a wheel of radius r rolls without slipping along a horizontal straight path, as shown

s Fig 5.22. The linear distance AB will be equal to the angular distance AB.

|
Linear distance AB = Angular distance AB

S =1

A A
4 A
.-\I . @) @ L!
- -3 - T — — 1= =l

I

————

Motion of rotatoin Rotation

and translation

- (ransiation




‘. !

Velocity of C ,

dV d to

= i) i ma
di dt dt

Acceleration of C, &,

This when a wheel of madius r, rotates with angular velocity o without slipping, then the
displacement, velocity and acceleration of the geometric centre of the wheel are given by
¥ ‘ . s

- il

5.6, Instantaneous centre of rotation.

The motion of rotation and transtation of a body, at o given instant, can be considered as
that of pure rotation of the body about a point. This point about which the body can be
essumed 1o be rotating at the given instant is called mstuntancous centre of rotation. Since
the velocity of this point at the given instant is rero, this pount is also called instantaneous
centre of zero velocity.  This point is not a fixed point, and when the body changes its
position, the position of instantaneous centre 4lso ¢ hanges . The locus of the instantaneous
centre as the body goes on changing its position 1s called centrode.
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Thiis the properties of instaniansipus Centre ane

(1) The direcoon of velotity of any pornt on a body 5 perpendiouls

sl gnd the mstanianeous cenire

The above properties are uscd 1o locate the instaniansons centre of 2

L 1)

" . = bl are kmown
When the direction of velocities of any two pomis on the bodv are ko
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In thira case the 4
vebocitics will be the mstmtaneous contre. Reler Fig Fe
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Fig £ 34
L Fig 525
Case {n)

When the direction of velocities an paraliel and magnitudes are unegiil

340

. p . whicuilar 'to the |Jlr|:|;_||._u—, of
the point of interwection of lines drawn perper

¥

In this case the poimt of intersertion of the line pening the tip of velocity vecions and eithe

the Line joining the points o

cenilie, Refer Fig £.24
Exnmple 5,28

A cvlinder of radius | m rolls withowt €l
B niform velocity of 20 mus Fir

rping along a horizontal plane AB. Its

the velixcitics of the poinis D and E oy the ¢
of the cylinder as shown in | ig 5.26

Solutww
Since the linear velocity of potm O is reso, of is the (nstantuneous centre
Velocity of i

V. a N

Velocity of poing E
¥, a OF

¥, =mw » OF

=M 2

extermiion of the lme joming the pomms will be ihe IstAninneoUs

cenire las

ircumlerence

e -

i

ity of point 1)
WiEle

F“ml,k £129.

A bar AR resis at

Fig 5.27- The bai
i) =

patant velociy of
[

Soluti

The direction ol
BA. The instantane

11!—:¢rldu!hl.|>l1' o the
P
AC &« 60 =3 m

s 60

AC =

Al cos 30 =AC =

346
I

cos 30
\1 - "'J'kn X

v

Al

Uan

Example 530,

Acylindrical rolli
5 shown i Fig 5.2¢
the angular velocity

(1) the velocities |

(11} the direction |
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st vehocity ol 6 mis find the angulis + "
SO
s (fireciaon oF veloCity of A s horironts) s e =
 The mstaniancius conine of bas |k o
. % T - £ o
wrneTiircular to the direction of velocities V \ -
bl im B B !
%
s '\_ ’ i
Al id6m vkt o .
sin G0 ] |
J
\
u co 1] A LE | -~.. .‘.
'\I i
# N
146 - \
Al - 4m b
cila 3 I
L b 1
Y bun = Al | ol \
4 ) -] \ A
4 2 e
Vv, 2] .= ;
5 - = = |5 end's Fig. 5.2
Al 4

Luample 5.30.

A evlindrical roller is in contact at its top and botom, with two cosrveyos bel AR o

sshown in Fig. 529, If the belts run at unifcrm speeds of 3 mvs and 2 mé's reipeciively
fhe angular velocity of the roller, w hen.

(ibihe velpcities are in the same dinection and

the roller 40 cm

{if} the ditection of velpcitics are opposite. The diameter ol



Module - §
B 3ms
2 IR R
Solution
Case (1) when the velocities are in the same direction

f : - - )
Let the posiion of mstantaneoys centre be al a distance x below U

Velocity of P. 3 @ (0.4 +x)
\ulm'lt} of (). 2 y X
4 X
2z ) X
ix 0.8 +2
=K
&= — WX
-
o = 2.5 rad’
08

Case {ii) when the velocities are in opposite directions
Let the instantaneoys cenitre be at a distance x above the point 0

wx P = w04 - X
2= s Q= wx

04 - ¢

LS § B PY

X

Im/s

Fig. 530
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7 puample 331 [KTU May 2019
- 1 - E
A bar PO of I..nglh | m has its ends P and O constrained 1o move horzomally and
e i o N |
jertically as shown in Fig. 5.33. The énd P moves with constant velocity of 5 m's horizon-

ully When the bar makes an angle of 307 with the horzontal

fndl, 0
(i) the angular velocity of the bar
{ii) the velocity of the end © and M
(1) the velocity of the aud point M
| i||” in
Solution Fig 33 P

Since P i moving horizontally and Q is moving vertically, the instuntancous centre is the
point of intersection of lines drawn ;wrpcndu.ulur to the velodities of Pland

vV

w = [P

F

I}




tan ol
Vielocity of end Q. ¥ V, tan o}

% » tan 6O

= 00O M

Angular velocity of bar @ =

Velocity of mid point M

Example 5.32.

A compound wheel rolls without slipping as shown in Fig 3.35. The velocity of centre €
532 mS . Find the velocities of the pomnts A, and B
Solutson

Since the smaller wheel rolls without slipping, velocity pomnt O 15 zere. O s the instants
neous céntre.

V. =owx U

w =2 radi's
@ = A
20 x 0.3
6 m's

m x OB

20 = 0.1

2mis
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atre C
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a bar AB moves

e bar AWaAYS femains
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5.7, Simpk harmonic metion

ajal mier

T, i thowid at

(1) The acosiemtion of th




nle i
projection ol particle on the hao

i
glemie the arc Al H.1|]-'_|'~-'|Ilt M moves Gons A & i
he are BDA, the point M move from B oA I
M proportional (o ts distance from 0 and i< 4 I

imple harmonic motion and hence the projecti

gocules SHM. O s the mean position and

Aand B are i

podection o particle on the v eriical diameter CD
! i LA 1

"
EAIrEmEe POSTIIONS
lerms used with SHM
Mhe :
he following terms are generally used with SHM
| Amplitude. It is the distance belween extreme and
ecuting SHM. It is the maximum displocement of the pa
fler < Owciltation. 1t s the motion of prijection of parts '
jar- 8.2, one escillation s sakd mo be completed when the point M F

mom B o A

5 Pertod. I s the time Tor one oscil lateon It i denodted




From Fiy "
i by
i [ Wi ina & =
I ' hs ."-|'i.|.|'|= nt of M frovm the meéan no mion, M . OF cos B
dy
Velocity of ML o Fmsin ot | The negative sign is because
dt i
mereases, the displacement decreases
The magnitude of velocity, + IO $in !
T i
PM
(ip
| X
I in —
I
Wyr X
= :J'- |
Acceleration of M. a T @ 5in @)

di dt
Fir Cos (o {
0F r cos o1
a or x
Let M be the projection of particle on the vertical dinmeter CD

The displacement of M' from the mean position, x=0P sin 8

r SN o) ¢
; dx d
Velocity of M, v l ;. (rsinou)
dt  de

ris Cos at




LT eleration ol M a
di
d
i i cv
di VLN Lol )
0 rshn o
i o x

Again, Fi Cos ol

F i gos 0

e | Sk

L LRV ¥

itshould be noted that the expression for displacement x = « et s to be 1wk
it L4 Ll = LESE wihe

e Of motion 1s measured Itom the mean pasition. 1e., in the case when at t 0. the narticl
nen at paricie

evecuting SHM is at the mean position. The expression x =r cos © t sho Id be used whe
the txme 0f moton 1s measured from the extreme position. je in the case when a1t th

: i & i a5C Wich al i u, the
picle executing SHM is at the extreme position. In both cases the expression for velocity

. mvr — x° and acceleration | a W' x

[he maximum velocity 15 at x 0, 1e. atihe mean position

L) = [ \r': 1] IO

The maximum acceleration is at x =r. ie., at the extreme position

a wr I

mEY
At the extreme position, the velocity 15 zero and at the mean position the acceleration is
20
| Eumple 535 [KTU June 2016]

A body, moving with simple harmonic motion, has an amptitude of | m and penod of
escillation 15 2 seconds. Find the velocity and acceleration of the body at t = 0.4 second,
“hen time is measured from (i) the mean position and (1) the extreme position




Saotutuon

Coset (1) when tin measured from the v |
I ' m
i
[ I 4 md
i o
\ il
X | sin 72
{95 m
Velocity 5\ myr 5 R =yl
098 m's
\ceeleration a oW X
7 " |'I.I'i

938 m's

Case (1) when time 18 measured from the extreme position

% reos ol | xcos 7
0.31 m

¥ w y r' X
:[\I 0.31
2.90m/s

Acceleration a 'y
2t x 03]

1.06 m's'

{195




£ 36

1‘”“':4-:
\ body moVing with simple harmonic motion bas velocities (1o 3
aance from the mean position. Find the amplitude and time doli
Al % m v 10 1
Al dm {1
Velooity, ()
10/ = oy
4 'r‘..f |
in ' .
4 : ;
635 = L5 .
I 16
625 F—10=¢p2—4
& -11;' r ~‘r1
r= 428 m
10 (Tan
10 = i y4.258° 4
= 3. 78 w)
= 2.64 rnd/s
ry 2
ime perod 1. =
lI“I pe y P I 2.64
Example 5.37
The piston of an 1C engine moves with simple harmonic motion. Th

pm and the stroke length is 40 cm Find the velocity and acceleration
is at a distance of 10 ¢m from the mean position




Solutog

-
' -
e e — P
__\-‘_—-\_____ —_—
i e
o r=|
Ei F)
S crank 4 mm
3 T 4
168 radis
Stroke leneth 1 7 » crank radius
: -
crank radin 0 e
0.2 m
% cm Limn
Velociy v 3o %
4308 J 0.2 £.1
v
62 mvs
Acceleration of the piston a = @F |
43, 987 0.1
193.42 mis

Example 538

A particle moving with SHM has an amplitude of 4

second. Find the time requircd by the particle 1o
35 m and 1.5 m from the centre and on the same

45m and |"h,'l"|\\d of oscillation i 1.5
pass two points which are wt a distance of

side of mean position

Let

Exam|

Ab
eps. IO

Solutio

Ma,




A mpliiinde, 1

[ periond ¢
' il
i
the dhatance ol the (i 1l ’
g A L i
L [} i ¥
L [ 3
35 = 4.5 coa (1 -
| ) 1K
% T % i
(1.5=4.5 (1 B i
1 IR
i :__““;.;.I o pass the two poinis,
1 1 1
068 ~1{) 3K
D3x
pamphe 5.39
s body 15 vibrating with simple harmonic motion of amplitude 150 mm and |

s Calculate the maxunum velocity and acceleration of the body

Salutron

r =150mm=015m
f=3cps
weElal

Maximum velocity, v__ = 0

=15 x 6 =28 m/s

1is 35 Maximum acceleration, a__ = @'t
ince of =
= (6%} < 0.15

= 53.3ms
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and then
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cand F

w . W
| L [f=x=[l+x)] = s
W W
H J.I i) = x i
HX ]
HE
= = -

__qring this equation with equation of SH M, ,
IS T

Time penod, ip = =2®mx,
Euample 5.41.

A particle is executing simple harmonic motion. Starting from rest |l travels a distance
in the first second and a distance b in the next second in the same direction. Show that the

2a°
amplitude is
la
Solutron

Att=ls.x = r-a and

o t=X%x=r-(a+b)
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5.8. Free vibration
Vibr

pesition of stable ¢

ibrivm, The sy

em tends o returr

aciion of restonng force, The restoring force mav be an elastic force as in th

hed to the end of a spring o gravitatronal lorce as
Htirhing

disturbing force is applied just to start the motion and is then 1

! ing i o vibrate by itself

[~ by
nandg  thi

undergo forced vibration. In this book our discussion is

2%, Degree of frecdom,

Ihe number of degrees of freedom of'a physical system is the numib

ardinates required o define the configurtion of the sy

degrees of freedom, three co ordinates (x, v and 2) 1o define rectiling

parmmeters W define the angular positions. The constraig

on of mechanical system generally results when a svstem L duspl

in the case of mple pendy

placed Trom s
Vo 1fs equilibrivm position due 1o the
vt Of mnss

lume s

removed Trom the vl

the system is said to undergo free vibmtion. 11 on the other
lurting force acts at periodie miervals on the sysiem

the system s sasd w
limited to free vibrations

o of independent co
stem. A ngid boddy in space has sin
KT ||1|'h|||-|||\- and three
1S 1o the motion reduce the degee of
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direction ¢
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Fig. 543
When the spring-mass syslems shown Fig. 543 are constramed o m 0 a vert
plang, two co-ordinates are required to specify the configuration of the system. Hence the

jegrees of freedom of the systems are two
510. Undamped free vibration of spring mass sysiem

A mass attached to a spring and subjected (o a force along the axis of the spring is called
# spring mass system.  When a spring is compressed or elongated the spnng opposes the
spplied force. This opposing foree is called spring foree which is proportional 1o the defos
mation of the spring. This spring force is proportional to the displacement of the spring
Fax Spring force, F = a constant x x F = k %, where k is the stifiness of the spring

hen o hody

T F :
Stiffness k = — . The unit of stiffness is N/m. Consider a spring of stiffoess k. W1
X

of mass m is attached to one end of this spring, with the other end fixed, the spring ¢longates
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is removed then the body will vibrate between tWo extreme

¥ - i RLENCT X .
wsitions with samplitude X. Consider the position of the body w hien it is at a distance x below

ke body is in mistion and hence net force is equal (0 MAass Hmes

m
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mn - .
dt
Kb,
d'x
m

di

0. This is the equation of motion of fre
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i Since the & L -
\ t yslem vibrates Ireely, this frequency
-3

i natural frequency and is denoted by o

) — Lib
o, =, S m= 2 f

2

Y [his is the expression for the natural
| :‘ "|.|\‘| I"[ \Pr!ﬂg r‘.‘:]\“ l""\-“lllr”

e

A 4 Spring mass model the springs can be attached 1o the mass either In senes or in
wrallel, Anumber of springs having stiffness k , k, k, et can be replaced by

a single spring
of stifiness k. The stifiness of this single spring . k , is called equiva

ent stiliness, The
apression for k, depends on the armangement of springs. Fig 5.45 shows three springs of

diffness K, k..andk .il':".ll'lg_;‘w.'ll in sertes. Let § . 4.and § . bethe |.:||rll_;_,'_41:|_|n of each springe

dee 1o body of mass m. Static deflectionof mass, 5 =5 + 6.+ 6. Lel 5 bethesmtic
deflection of the same mass when it 1s attached 1o the single spring of stiffness k . For this

gnele spring to be equivalent to the three springs in series, the required condition is

0 0 o I s o |
meg=kj Bl i g
- < &
'l_ \L; l -
k= mg 5 1 '::N' ko 3
= k = *_'I -‘- m I :
.11L 3 Ky B
mg mg mg mg :
—_— = — 4 i o i =
ks Xk 5 L
Fig. 5.45

k., k ki Kk
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pwesk ks +kS e -
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Example 5.42

{
5 he an
4 80 N weight is hung on the end of a hehical spring and is set vibrating vertically. The |
= X ; ﬂ
weight makas 4 oscillations per second. Determine the stifingss ol e 5 Ing
) S
Solution
W 5
a§
i 4 s
"
T L]
L
f
is T
K in* .o 4y = 4 ks
Q8
51531 N'm {

Example 5.43

Ifa helical spring having a stiffness of 90 N'em s available. what weight should be hur ng
on it 5o that it will oscillate with a periodic time of | sec

Solutsm.

k=% Nem=9%x= 100 N'm




kle

he

LTS

0 1 h
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- h 90 = 100
in” f | " I 22797 ke

paample 544 [KTU July 2016|

\ weight of %0 N suspended from & spring vibrates vertically wit

II. i an
p . an amplitude
a frequency of 1 oscillation per secomd Phitude of §

ness of the

«im
'-E‘HFI}‘ (b |r5‘_.
.'1|.||"|. 1w ol the

ol Find (a) the stift

maximum tension induced in the spring and (¢} the m I imim
= weight
soriiton

W S0
im
0K
"‘ o vimh O0E m
| | eps
(§
i - \
n
500
& | I :_ ‘
Jd K1
i N

(b} Maximum tension in the spring = kX

22 (08

l;'l.‘ilﬂ.\,l,' Thl’._' body vibrates with 5. H. M

The maximum velocity N




Example 545 |[KTU Jan 2016]

e aee 4 KN/m and & KN/m as
A body of mass 50 kg iz suspended by two springs of stiffness 4 KN/

{ 50 mm down from its equilibriam

shown in Fig. 547 {a), (b) and (c). The body s pulle
position and then released. Calculate
(1) the freguency of osctliation = — T p——
39 11 (B * o
" GkMNme 6kN m3 r‘L?\r.l:; ;-H--&rn
) s velocity and 4 E | i
. 3 & ke
3 50 kg -
i masmem aceelerabon L kNmZ s - -
~ ] f 4 L."‘- i L= ]
solution S0 kg %
When the springs are amranged as i (b)
shown in Fig 547 (a) Frig. 547
The eguivalent stiftness 15 given by
| | | 0
b 1 B f i L |
e }
Lt 3.4 kNm
i
Y4 o« 000 Nm
I k ! (2.4 xn 000

w 2af= 6,93 rod's
() maximum velocity ko
593 « (05
035 ms
{m) acceleration =wr'’X
693 » 0%
2.4 m's
(b) When the springs are as shown in | ig 3.47 (b)
The springs are in parallel. Hence the equivalent stiffness:

k =k +k

4+6 = 10kN/m
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\
N'm as  J L
ibriy
e | siaimum velociry X
!
(22N X
m am .13 00% =07
acceleration = o' X (2n0* « 0.0
[(2n%2.25) DD I Gemis
when the springs are arranged as shown in Fig. 5.47i¢) the SPrings wre in oesliel
: &* alt In paraliel
Hence the frequency = 225 cps
Maximum velocity = 0.71 més and
Acceleration = 10 /s
prample 5.46
A .,Pnug of stiffness 6kN/m 1= cut into two halves and fixed toa mass m as shown in Fig
5 4% Il the system vibrates with frequency 3 Hz, determine the mass m
Roluton
Given Frequency = YHz= 3¢ps
Stiffness of original spring = 6kN/m
Stiffness of spring is inversely proponional to the number of coils. Therefore when this
spring 18 cut 1o two halves, the stiffness of each half 15 doubled K = k. = 2x 6= 1 2kN'm
Since the springs are in parallel, the e¢quivalemt stiffness, | + k=2 m=24x|
pring flel, th ivalent stiffness, k = k 4kN/m=24x< 10
Nim.
: L [k,
requency, |
q = i \', I
=
} k :;
| (3410
3 \ g
221 m -m.,l"*
M3
3 s
1 24x10
Q= . Fig S48
i 3~ m




Example $47 (KTU May 2009)
5 il s iy i
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I
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Example S48 (KTU May 2017)
{ oF empty tray is 0.5sec. Afler placing a mass

Solution

" [} o
hid
: i1l
[l [} Al o
| i
¥ it t '
> f
, : ke the J
i
i
. 1
Iem Im
i
wii X i
f
i
i
L]
I &
[T
L)
$.53 b4 1l
Qe 10 i 1] T

A tray of mass m kg is mounted on Sprmgs as shown in Fig

to be (L6sec. Find the muss of the tray and st

.44, The period of vibration
0F 1.3kg on the tray, the period was observed

iness of each spring

Fig 549
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Fig 5.50

Fig. 5.51
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ke = .

= 1-r-mf.ur=:u‘“ﬁ““hﬁ three springs in parallel as shown in Fig 550

Eg
ke = ke +ke, +ke
W
Ske
m 1
Time penod, ' : 2
VA 9
d= Sl .32 m
L 1
- oW
In the first case, ©.3 16,3]
.
m
In the second case, b 432 —
k
( m
Dividing the above expressions
i - r
i4Am=m 5
I 141 kg
- % n
From equation, U2 2632 »
K
51
) Ma
LY
k= 359N/m

51, Efect of damping

Any resistance to vibratory maotion is called damping. In free vibration, dampng in is
Yanous forms such as air damping (resistance due to air), viscous damping (resistance duc 1o
fluid friction ), coulomb damping (resistance due to dry friction), magnitic damping (resis-
RAce due to magnetic force) etc will always slow down the motion and fimally the vibmting
body will be brought 10 rest in its equilibrium position. In viscous damping, the damping lorce
i proportional to the velocity and this constant of proportionality is called L-;«‘-|]'|L-|u{tt i

g and is denoted by ¢. Thus damping force, F, = ¢ « velocity. It is a resisting loree




Nofomdyy | “

A2 shoWws B EPRINE m

lig
te 1o thie direction of velouity 1

i hence it S ahirecliom is oppst i | 1k ire
Yk or I & poting o THe s
s¥stem provided with a viscous damper. The 1o
q'i:
k>
: 0
5
\
{ m kx ~=GX

e four \ ih
2prng force, K onms site o the displacement
Dharrieyie

= Lamping force, | [

3. The scc

et fores LS w adCelermlion

i & ! Ky | This s the ¢ quabion of motion of l|‘.|.|'"|"-'-1 e

vibration o} SPIIne r




