System Control

Root locus techniques
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Introduction

Root locus?

The root locus can be used to describe qualitatively the performance
of a system as various parameters are changed.
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Introduction

Root locus?
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Vector representation of complex numbers
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FIGURE 8.2 Vector
representation of complex
numbers: a.s = o + jw;

b. (s + a); c. alternate
representation of (s + a);

d. (s +7)|;_s
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Vector representation of complex numbers

PROBLEM: Given
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Defining the root locus

Subject’s Motor Camera
position  Sensors Amplifier and camera position
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Properties of the root locus

Closed-loop transfer function

T(s) KG(s)

1+ KG(s)H(s)

The characteristic polynomial in the denominator becomes zero

KG(s)H(s) = —1 = 1£(2k +1)180° &k =0,+1,4+2, 43, ...

or

IKG(s)H(s)| = 1

and

ZKG(s)H(s) = (2k + 1)180°
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Properties of the root locus

IKG(s)H(s)| = 1

R(s) + K(s+3)(s+4) C(s) ~
(s+1)(s+2)
% ZKG(s)H(s) = (2k + 1)180°

Open-loop TF Closed-loop TF

~ K(s+3)(s+4) _
KG(s)H(s) = I D61~ T(s)

e 1Jj3

K(s+3)(s+4)
(1+K)s?+ (3+7K)s + (2+ 12K)
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Properties of the root locus
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Sketching the root locus

I
1. Number of branches.
The number of branches of the root locus equals the number of closed-loop poles.
2. Symmetry.
The root locus is symmetrical about the real axis.
3. Real-axis segments.

On the real axis, for K > 0 the root locus exists to the left of an odd number of real-
axis, finite open-loop poles and/or finite open-loop zeros.

4. Starting and ending points.

The root locus begins at the finite and infinite poles of G(s)H(s) and ends at the
finite and infinite zeros of G(s)H(s).
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Sketching the root locus

5. Behavior at infinity.

The root locus approaches straight lines as asymptotes as the locus approaches
infinity. Further, the equation of the asymptotes is given by the real-axis intercept, o,
and angle, 6, as follows:

> finite poles — > finite zeros

g
“ Hfinite poles — #finite zeros

2k +1
., (2K + 1)

B #finite poles — #finite zeros

where k = 0, =1, £2, +3 and the angle is given in radians with respect to the positive
extension of the real axis.
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Sketching the root locus

PROBLEM: Sketch the root locus for the system

R(s) + Kis+3) C(s)
XT sis+1)s+2)s+4) g

> finite poles — > finite zeros ; (2k 4+ 1)x
“ " #finite poles — #finite zeros ‘ #finite poles — #finite zeros

0 — 2k +1)m
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Sketching the root locus
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