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= Positive (180°) Root Locus VS Negative (0°) Root Locus

= One Parameter VS Two Parameters



: . CS5F-Extensions - 3
Rules for Plotting a Negative (0°) Root Locus Feng-Li Lian © 2022

= For negative values of parameters

= Has a zero in the RHP (non-minimum phase)

= 14+ A(z,—5)G(s) =0
= 14+ (—A) (s —2%) G'(s) = 0

O

= 14 K (s —z) G'(s)
= K = —A <=0
= For negative locus, the phase condition is:

* The angle of L(s) is 0-+360°(I-1) for s on the negative locus

* Hence, a Negative Locus is referred as a 0-Root Locus
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® Rule 1: (as before)
® The n branches of the locus leave the poles of L(s) and
® m of these branches approach the zeros of L(s) and

® n — m branches approach the asymptotes.

® Rule 2: (odd - even)

® The locus is on the real axis to the left
of an even number of real poles and zeros.
® Rule 3: (180° = 0°)

® The asymptotes are described by:
o o .
gbl:o + 360°(1 — 1) = 1.2 n—m
n—m
a:ZPi—ZZz‘Z —ai + b1
n—m n—m
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® Rule 4: (180° - 0°)

® The angle of departure of a branch of the locus
from repeated poles with multiplicity g is given by

q braep = D i — ) ¢ — 07 = 360°(1—1)

i1#=l,dep [ = 1,2,---.,q
® The angle of arrival of a branch at a zero with multiplicity g
IS given by
qVlarr = D i — Y, ¥+ 0%+ 360°(1—1)
1#=1,arr
® Rule 5:

® The locus can have multiple roots at points on the locus
and the branches will approach a point of g roots at angles
separated by 1802 — 360°(1 — 1)

q
® And will depart at angles with same separation.




Rules for Plotting a Negative (0°) Root Locus

= Example 5.13: Negative Root Locus for Airplane
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6—s R
Gls) = s(s2 4+ 4s+ 13)
_ s— 6
s(s?2+ 45+ 13)
s — 6
= 1+ Ks(32—|—4s-|—13) =0
® Rule 1:

® There are 3 branches and 2 asymptotes.

® Rule 2:
® One real-axis segment to the right of s = 6 and

® A segment is to the left of s = 0.



Rules for Plotting a Negative (0°) Root Locus
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= Example 5.13: Negative Root Locus for Airplane

® Rule 3:

® The angles of asymptotes

LT 31
2 _2_(6)
= —= —5
“ 3_1
® Rule 4:

® Departs at s = -2+|3 at
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Consideration of Two Parameters
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= Example 5.14: Root Locus Using 2 Parameters in Succession
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= Example 5.14: Root Locus Using 2 Parameters in Succession

Imaginary Axis (seconds™)

:>KT

= Ky

= 1 K
T 132—|—23

= 1

4 4+ K

1

+4

0

Root Locus vs. K; (Ka=K;+4)

-3 -2 -1 0
Real Axis (seconds™)

Imaginary Axis (seconds™)

S

= 1 4+ KT82-|-3—|—4

Root Locus vs. K; (K,=K;+4)

Real Axis (seconds™)



Consideration of Two Parameters oLl L 2029
= Example 5.14: Root Locus Using 2 Parameters in Succession
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= Example 5.14: Root Locus Using 2 Parameters In Successmn

S 3 ||J—
= 14+ K =0 K
244 .
= Ky = 1,2,3
:>KA= 1—|—K1 lI1-.
8 Kr=1, ( )
= 1 4+ K = J,
= Ky = 1,2,3 L
-
=14 K > — i
T52+8-|-l7| 3 Pl
= Ky = 1,2,3
:>KA=7—|-K1 ‘




