Table 4.5 Basic Root Locus Principles for Negative Parameters

1. The branches of the locus are conunuous curves that start at each of the n poies of GH,
for K = 0. As X approaches ~«, the locns branches approach the m zeros of GH.
Locus branches for excess poles extend infinitely far from the origin: for excess zeros,
locus segments extend from infiniry. :

2. The locus includes ail points along the real axis to the left of 2n even number of poles
plus zeros of GH,

3. As X approaches - =, the branches of the locus become asymptotic o straight lines
with angles

1360°

n - m

=

fori =0, x1 %2, . untlalln -~ morm — n angles are obtained, where n is the
number of poles and m is the number of zeros of GH.
4. The starting point of the asymptotes,. the centroid. of the pole-zero plot, is on the real |
axis at
2 pole values of GH ~ S zero values of GH
o =

n=—m

3. Loci leave the real axis at a gain X that is the maximum K in that region of the real
axis. Loci enter the real axis at the minimum vaiye of X in that region of the real axis,
These points are termed breakaway points and enrry points, respectively. A pair of
locus segments leave or enter the real axis ar angles of *=90°,

6. The angle of departure ¢ of a locus branch from a complex pole is given by

¢ = —X other GH pole angles + X GH zero angles + 0°:,_.‘~‘"""£ FEo
The angle of approach ¢' of a locus branch 1o a complex P\G‘]? is given by
¢" = I GH pole angles — I other GH zero angles ~ 0°

where each GH poie angle and GH zero angle 15 calculated to the complex pole for ¢

and to the complex zero for ¢'.
If the complex pole or zero is of order m, the m angles of arrival and approach
are given by

@ = [—Z other GH pole angles + 3 GH zero angles + i360°)/m
¢’ = [% GH pole angles ~ I ather GH zero angles — i360°)/m -
fori = 0, L2,....(m = 1.
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Figure 5.6 Unity feedback confrol system.
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Greadly improved
Improved Reduced
Kis + a)
Cascade lead G{5) = = Somewhat IncTeased
s+ b) improved or
a<sh somewhat worse
Cascade lag-lead GUs) = K(’ x a) Improved Increased
s+ b rag
<[5 a)
s+ bl
Rate feedback His) =1+ As Somewhat Increased
(PDy improved or
_ | somewhat worse
Proportional Kis + a) I3
integral derivatve | G.(s) = ———— + Greatly improved | Increased
D) 3 f

Table 5.2 Common Types of Compensators

T ) Chengein | Changein Centroidifn .| inType | Kfcomp)
“Compensator . . .'[ me=m | - — m is Constant | Number ‘| K{uncomp) .- ...
i : - P et e I D i i
Cascade PI : 0 = +1 =
n-m .
a-b 0 Xfa
Cascade lag (a > b) 0 — | x\5
—(b - a) : Kfa
Cascade lead (b 2> a) 0 p—_— 0 K,(b)
Cascade lag-lead - 0 @ = bhug = b - s o f.(%) (s) o |
n-m . lag Tead 3:;-'
1
Rate feedback (PD) -1 ' ¢ | KJK + AKyuncomp)
Proporoonal integral -1 +1 ™
derivative
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