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1-a) Find the signal flow graph of the system shown in Figure 1 Use the given

variables as nodes. List all loops. > G4
i . a b +
> Glﬁ’$=62 ‘"=GS-+ — Yy
H2 [
H1 h_|
Figure 1
Solution ]
Gy
Tl e 1« ¢ y
; N

;‘\

> ‘}9&“6& Flow Graph

Lo ps | "
Ly = — G‘,G“'ZH; CLy,= - G—ZCZ’ -,
L, = =&, Hy L, =G G0
L’3 = = (;l,(-(//

1-b)
The SFG is given by:
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2-a)
We want the transfer function of
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The system is reduced to
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2-b) Hand sketch the root locus of 1+ KG(s) =0 as K varies from 0 to +co, where

G(S) — LZ
s(s+1)(s+3)°



CpPE /c P )2¢ l¢ J e o, - R TR
. 17 zCze— & a — =

. @ n-m= 3
AN Lt /)//)c 2 (_,.} Ci 5‘] ,J//,’) e H ) -

/ 7 fo /~ - =
('IS/////.’/r-/fd ctr)sy /e = & # "7’) . 2o

1&1¢ F
s |
Intersection of Asymptotes on the real line
< PN - = e e R
™o e— = T T - j
1= , 3
The Chéivecferistic SZA
e (s+z)

: - =6 = ’ _— =@
f’T’ /’\/ (s) - 1 ‘T—(;)’VZ"* ,S’/)(,J’fj((y“'r[)

(
v 1 N z .
ST FS sy 48 v ke + 2k =0

Az’ fe froct” The o r’f{:“f / ~ |
29 5 z2 K

;| (9+Kk) O
N i 7/5 \,q{/\-,.o{ i
e \ o2 — 7 - M
.) } 2 ) (G TK) __(7(9‘/\
= ) (qe-9rw) (T — ¢ .
- -
I T
| i |
o VAN
, . g &
(/ éA — G K >0 —_ < Q "(7/

( fe— gy )9 -r/i’) —GERN ZO =2
z .
Lol —EIK =98k =qKkTs0
ey — 79K =< S >0 K X4,

/;’L /’\/:L/ O Z 5770
The Awtailicry Eqd s *é»”f e

/\SI =T { _I'L":] J, PQ; I')'u} By l,],l-(‘; S¢C «‘—\
' N Tlu I nica) ! i Yj



'//?‘/f/

((57/7//
- F—pinl) {

The root locus
3-a)

Given the control system
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(i)  Analytically determine, as shown in class, the 180 degree phase crossover point of the Nyquist
diagram and the corresponding frequency at the 180 degree phase crossover point.

(ii) Assuming that the 180 degree phase crossover point is —0.5, what would the gain margin of the system
be?
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As GM is positive, the polar plot does not contain the critical point.
4-a) 3-b) For the characteristic equation of feed back system given by:

il) The closed loop system as stable when applying Niquest Criteria
All required values are above



Determine the range of k so that the system is stable.
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4-b) For the system given below in figure 5, estimate the values of K and K; so that a
maximum percentage overshoot of 9.6% and a settling time of 0.05 sec for a tolerance
band of 1% are achieved.
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The system is reduced to
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5) Consider the standard feedback system shown below in figure 6.
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