ROOT LOCUS (RL)

« Graphical technique that will allow usto plot
the path or locus of the eigen values as one
parameter changes (0 to «)

 RL hasthe ability to
* Determine closed |loop system behavior
from open loop conditions
e Determine the effects of

one parameter
gualitatively
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Complex Algebra Review
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Background on RL -

» C

oLt E__C H )16
R 1+GH
H

CE: 1+GH =0

GH: Ratio of polynomialsins
Where s. complex quantity

S=0t|w

1+GH| =0

S=ctjow

GH] =-1

S=ctjw
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Magnitude GH\S:aijw‘ﬂ—]J

Angle LG—I\S:GHw:Z(—lJFOj)
=+180(2n+1) n=0,1,2...
EXAMPLE
K Im .
GH = S=o0t|w
S+«
GH= " Re
(c+a)+jo
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K

GH|=

\/(a+a)2+a)2
ZGH =0 = —atan =+180(2n +1)
O+a
GH+1=0 = K +1=0
S+«

s+(k+a)=0= s=—(k+a) m

A

k = 00 k = O
% ) X > Re
o0 —
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Properties of RL

GH =-1 where G=kg— & H=k{ —
Dy D¢

Ng . Nj NgN
g—kf —=-1 = k=kgkf = —

DyD =0
If k=0= > Open loop poles
Nng = o0

Dng =OO\
If k=0 = > Open loop zeros
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NgN
OLTF: Kk
DyD;
o No Ng
D D
CLTF: &= S = NN
1+k|\|g|\|f \DgD¢ +kNgN )
DyD DyD

kK — 0: CL poles approaches OL poles

kK — o0 : CL poles approaches OL zeros
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EXAMPLE
K

GH =—— O0<k<w

S+1
CE:s+(1+k)=0
OL poles: s=-1

OL zeros:
Im
A
K =o0 k=0
X X
00 -1
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EXAMPLE
k(O.4S+1) OL pole: s=-1

GH =
s+1 OL zero: s=-25
Im
P2 TPL
/m
@ G o— Re
TP3 PS5 -1 TP4

/ZGH = /Zk+ £0.4s+1- /s+1
ZGH =0+ ¢—a = +180(2n+1)
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CE:(1+0.4k)s+1+k=0

B 1+ k
1+ 0.4k

K=0=>s=-1

K=00 => S=-25

K=H=>5=-2

k=100 = S:—gl
41

k=0= S:—&Ol
401
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GH ‘s:—1.5 - m

k(0.4s+1)
s+1 |15

-0.8k| =1
K=1.25
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