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Sol. : M, is under y,(1). K, is between y,() and
». And M;, K, and {f are under y;(t). The
equivaient mechanical system is shown in the
Fig. 487 (a).
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The equilibrium equations are,
dz
f(t) -M,-%—H(,yl -H’%('L?rl(z(y! -¥,) (1)
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Oékz(h -y,)-tM,ﬁ- @)
P-deogy:M-oLf—ogt,_K-’éy—)q,
dy SN R di .
I-o%?-n.y-o[:dt.d—tzz-»ai
The equations are,

vit) = L,%‘}+?§T[u,m+m, +éj(ﬁ,-i,)dt @

0-8;](12-1,)dui1.2%% o @)

Simulating on loop basis the analogous network is as
shown in the Fig. 48.7 (b).
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_ Sol. : For a given system,

Gla)li(s) = =

5(s+2) (a* +23 +5)

i) For unit ramp input, K, is required.
K, = Lim sG{s)H(s)

. K K
—; o 2)(s* +25+5) 10

and A = Magnitude of ramp = 1
AW
T KK
Bzt a2 .. im K250
!'5 e -Rrﬁ{l_ﬁ

Thus for given condition 50 £ K < =
i -

i) 5(t) is A, = 2 step, A, = 4 ramp, A, = 1 parabolic
And K, = Lim sG(s)H(s) = =
K, = ﬂu’ﬂ{sﬁsllﬂ
A, F A
G = Byl t g e "ﬁ;"ﬁ‘m’:
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For underdamped systems, §< 1.
8% 4 22ug 8+ 0 = 0 has two roots,

$;2 " -%u, ﬂ%\h'(‘

Now let fo, =~ a
S0 .
and oy y1-§ = @y (as discussed earlier)

81,2 = -0 tjuy
For unit step input R(s) = 1/s and
W, 98 ..
RE T 4280, s+ 08
e GG
e s - 7

The partial fraction can be calculated for the Laplace
inverse as below, .

Y ay5+a3
v ’l!+2£w, s+ad
ol = ay(s* +28m, s+ad)esla; s+ag)
s(s? + 280, 8+ 62) s(s? + 28y, 8+ 0f)

equating numerators on both sides, ad =s?(ay +a;)+say 280, +ay)+a0f
ajoR, = of equating constant
aj+ay = 0 A equating coefficients of s
ayRog+ay =0 equating coefficients of s
- 3y =1 a;=-1, a=-2m,
As o, =« mm&wmamﬁm\
a3 "1 ay=-1 83=-2a

1.~ =-s-2a
O T e

$+2a
lzohulﬁ

So adjusting denominator as, 8% + 205+ a? + @2 ~a? = (s+a)’ + @ —a?
but a=tn, o a?=Ba
Substituting in above we get, (s+0)” + o ~§% o =(s+ % + o (1-87)
Now 0y = o, y1-8 ie Inﬁ-ﬂﬁ(l-t’)
Subdhmﬂﬁsﬁ\&nde(s)mm

L1 s
Cts) : [("a)’o-w:]l

C(s)-l-l ... (Taking negative sign outside) -

prf_Gea 1] t ot and L
(.u)’m’] s

Adjusting C(s) as,

o -e-dt
(Ml)’o-mz} il

s+a a

l—
€ {(l-oa)’ou:.(nod)zou:}
" Multiplying and dividing by m; to the last term,

i TIa
- ![(n:o.)’o-o:‘“a (nn:)’#n}l

Cls) =

Taking Laplace inverse, '
: - &%
o =1-e "‘umndl-a € *t gin ayt



Using a = Eay, Wy =y, -ﬁ-ﬁ’i

et) =1 - ¢ 5ot [mmdﬁ-—-i-; m-.u;,:]

ey

=] - eston! [qll—l'f" mu‘thnndt]
:11—23

= Now, -inl[-u-,-uﬂl = sinfuw, ¥) cos £ cos(w, 1) sind

Cumpm&hmmmiuhﬂﬂwem_'

write sind = 1-£% and cos® = .

o E
Hence tang = ST
fy g2 I
o= tant —1gt— radians
» Hence using this In the expression.
!,.__..... L.__E.;.é::..t.. - SR .
q‘:"l‘r sinfmgt + @) ... Required
i -& expression
" where By =y 1_{2
. . R s
and . 0 = tan~! (—E—l :]nalm
4)
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Transient response of second order underdamped system is given by,
g teal iy V-8
o) = 1- ﬁ sin(mg t+6) where 6= tan™? g

Mut;T,, qc)memwwmmmnm
= |
‘IJTP

So differentiating oft) w.rt. 't we can write,

“~Eugnt ~Lwgt
. e (-8 ) sin(wy t+6) e >"0
ie - -T- oy cos{ug t+ B =0
3 q;-tz 3 R | _gﬂ -

Substituting ng = o, Jr-g*

Rog e tont gt =g ,
sin{ey t+ 8) - @y y1-52 cos(oy t+ =0
F_el h_gz
: T-2
un(d,uq-ﬁ-gzcos(mdnq =0 le tm(w\,na-'i:_
o -
Now PO L TS —Iz-gi-nno
" tam (wy t+ ) - tan ®
From trigonumetric formula,
tan (nx+f) - tan @
Wyt=n= wheren=1,2,3
But T, , time required for first peak overshoot. - 1 =1
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[7.183 | Dertvation or T,

« Time required by output to achieve 100 % of its
final value, starting from zero during the first
attempt is the rise time. -

ff)

{et)y w 7,} = 1 for unit step input -

e 34nTr

Fe

sin (oy T, +8) = 0

1=1~

sinfony T, + 8

ke Te
e
Equation will get satisfied anly if,
sinfuy T, +8) = 0
Trigonometrically this is true only if,
iy T,+8 =na where n=12..
Asmmirmmdhlﬁmuumpfmn=1

wG+d=n
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sol: S _ (s4NBE+y '
; . R4} 2 _ 2 Bue 24
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" he lnst term rospectively. ) e

~ Comparing, 5% - 55+ 24 with 2 + 25w, 5+ w?
wh = 24 - ow, = 46989 radisec.
28w, =5 - &= 051031
s - wy J1-8F "= 42129 radfsec,

Nm.mdﬂwmwméummm%:;mmmfmm.hmm

Clst _ 20 24
ﬁ-ﬁ: B |s?rmend)

[ ey Point Now though T.F. is ot in standerd form, demowsinator ahoays refect 28 o, and of from middle term

—
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For the brackst term use standard expression, and then cft) can be oblained by multiplying this

20 e~imnl
dt) = 1 == gin (o, b+ B
H[ e ]
"F -2 .
6 = tan~! %nﬂimziﬂnﬂhﬁ

clit} = 212 [2- 12628 2~ *5* win 42129 1+ L0B |






