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Answer All the Questions MARKS €O RTB
1 [10] |co2]| L3
C(s)
2 [10] Cco2 | L3
Determine the transfer function of the given system using Mason’s Gain Formula.
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Draw equivalent mechanical system of the given system. Hence write the set of
equilibrium equations for it and obtain electrical analogous circuits using FV and Fl
analogy.




Obtain the expression for peak time and rise time for a second order control [10] co3 | L3
system in terms of damping factor and natural frequency.
A unity feedback system is characterised by open loop transfer function
16
G(S) - s(s+2)
If the system is subjected to unit step input, determine:
i) Undamped natural frequency [10] cos | L3
ii) Damping ratio
iii) Peak overshoot
iv) Peak time
V) Settling time
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Sol : The number of forward paths are K = 6.

My
The forward path gains are, \ 1 Q 1
T, - 0‘020,; Tz'G‘0,0‘ - S G!
9,
T3 - 010705, T‘-G‘G.G, mm.no
1 1
Ts - G.G.(-HZ)G,G‘, T,,-Ol(l?(—Hl )0.03 Q
The feedback Joop gains are, _ .
L « ~GH ., L*-GH,, Ly~+GH G H,

B et GG,
4 A = 1-[Ly +L; #15 )+ [L, '-:] 1+ QyH, "'ﬂjﬂi'n'rﬂlﬂiﬂj*uiﬂlﬂtﬂz
e T, L, § amtmiieg |

& = 1-Ly= 1+ G Hy
For T , L, is nomouching.
o & = 1L =1+ G H,
For T, to T, all loops are touching to all forward paths.
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dx; = d? dx
0= K;(x; —xl;lf-lll -[—x:‘;!tLﬂ-l-MJ_ —dt—:F-+B,_ —&%-I-Kilz

B PV analogy : Use FV, M—=1L B—R K-r]E, x—q,

dx dix  di "3'1"(:
Hi-—-l-,x—!jid.t.. FERR T :

vit) = L‘T E‘I{it =i Jdt+R, iy ~i3)

Bl s " di .
0 = Ryfig-ig)+ cl‘.[ (g =iy)dtely —E + Ry iy +

Based on loop basts, F-V network is shown in the Pig. 4.8.9 (b).

1) F-L analogy : Use F+1 M—G Bsg Ky, x—8,

S, x=[v(de, S E %

lfﬂ' -

iy = C ---I[UI-#E}dl:irnl—[t‘-.—?I}

U'—I(?: v.}dh-R {v;._ 1|}+C=T+-E—v]+qj vy dt

Fig. 4.8.8 (B) F-V analogy
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| Derivation of Peak Time T,
Transient response of second order underdamped system is given by,
11T ’1_;2
= _.e_.___. i - -1
o) = 1 — sin (g t+0) where 6= tan Y=
A.ultt.-TP, coft) will achieve its maxima. According to Maxima theorem,

de(t)

dt =4

|8TP
So differentiating oft) w.r.t. 't’ we can write,

é-a“"'(”ﬁ%)m(ﬂ’d t+ 6) _ g~ 5@at
V-8, -8

Substituting w; = @, /1-&

ie - wy cos(wy t+ 6 =0

~§wpt ~fupt ==
g—mnﬁ— dn(md t+ m—:ﬁ- O J:_;Z cos(wd t+6)=0

: -8
tsin(cidtvbb)-Jl—iz cos{wg t+6 =0 ie  tan(wy |.|.(;)--\(L¢§_

Now e-m-’ﬂ—ET_z ie ga—z-me
" tan (wg t+6) = tan
From trigonometric formula,
tan (n 7+4) = tan B
wst=nn wheren=1,23

But T, , time required for first peak overshoot. . n=1

@y TP =
iR S —
i n {
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- POPPRER .. cemd

fe(th¢ w 7.} = 1 for unit step input -
e 3%nTr _
1=1-5— sin(og T, +9
. 1-g2
=EunTe
& -j_l—u_eg- su'_i';[md‘l‘,+ﬁ}c =0
Equation will get satisfied only if,
sin (wy T, + 6) =0
Trigonometrically this is true only if,
w; T,+8 =nx where n=1,2..
Asm'mimmdtn'ﬂmamwmpt

deI*B =n
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Sol. : From given G(s), the closed loop T.F. is,

Cls) _ Gls) _ 10
- R(s) T+GHG) 2426+ 16

Comparing denominator with s? +28w, s+ o,
W = 16, o, = 4,280, =2,5=025

i) w, = 4 rad/sec
i) £ = Damping ratio = 0.25
) %M, = e S VIE X100 = 4043 %
iv) @y = dyy1-&% = 3873 rad/sec
TP- E-ﬂ.hlllec
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