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What iIs Root Locus? (Review)

= Consider a feedback system that has one
parameter (gain) K>0 to be designed.

L(s)

L(s): open-loop TF

» Root locus graphically shows how poles of CL
system varies as K varies from 0 to infinity.

* Today, multiple design parameters!
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Kt s[*

a) Set Ki=0. Draw root locus for K>0.
b) Set K=10. Draw root locus for Ki>0.
c) Set K=5. Draw root locus for Ki>0.
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Example 1 (a): Kt=0
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There is no
stabilizing gain K!

Fall 2008

Example 1 (b): K=10

R(s) E(s) 1 Y (s)
:“: 10 i s2(s+ 5) :
Kt S[*

}{is
s2(s+5)

S

14+ K =0
T s s 10

L(s)

1
Characteristic eq. 14 10( s2(s+5) ) —0

s?(s+5)+ Kis+10=0
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Example 1 (b)

L( ) S Im X
YT 3152+ 10 k
% 0.17 + 1.36
—5.35 :
X——p———) —— Re
—25 0 |
By increasing Kt, <0.17 — 1.36
we can stabilize
the CL system.
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Finding Kt for marginal stability

= Characteristic equation

I+ ;it;Jr =08 S+5524+Kys+10 =0
= Routh array 3|1 K;
215 10 Stability condition
41| BK—10 Ky > 2
5
9110
= When Ki=2

552410 =0 = s = +V/2j
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Matlab command “rlocus.m”

Root Locus

num=[1 0]; Q.38 s
den=[1 5 0 10]; -

sys=tf (num,den) ;
rlocus(sys) 5¢

grid on T 1
of

Damping ratio ey v
IfK=10, we cannot
achieve ¢ =08 0%

Imaginaly Axis
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for any Kt>0. 15 93 14

-6 -5 -4 -3 -2 -1 0
Real Axis
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Example 1 (c): K=5

R(s) E(s) 1 Y(:s)
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Kts

1
Characteristic eq. 1 +5( s2(s+5)
\ T Q(I;iS)

- 32(3-|—5)-|—Kts-|—5=O (= N P E—
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L(s)
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Example 1 (c): Root locus plot
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Example 2

L(s)

a) Set T=0. Draw root locus for K>0.

L(s) =

1
s(s+1)(s+2)

b) Vary T to see the effect of a zero on root locus.
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Example 2 (a)
= Root locus for Im /

1
Ls) = s(s+1)(s+2)
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Example 2 (b)

= When K is fixed and T is a positive parameter,
the characteristic equation can be written as

14+Ts
1+ K —
T G612
(s+1)(s+2)+K+TKs—
~— O
Term without T Term with T
Ks
1+TA/A| 1\ . | \| T/:O
S\o T L)\oT £)T
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Example 2 (b) (cont'd

: T=1 jo#4

= Root locus for

Root contour

various K & T plane
= Zero of L(S):
1
T T i
= Generally, :
addition of a zero P i
improves stability. : -
: — 3 : e — >
3 T 2_1.5" 0 P

on real axis
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Summary and exercises

= Multiple parameter design examples

= Next, lead compensator design based on root
locus

= EXxercises
= For the feedback system,
» Set a=0, and draw RL for K>0.
» Set K=9, and draw RL for a>0.

s(s+a)
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