Root locus method 

Consider unit feedback system with the open loop transfer function 
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Root loci represent variations of the closed loop system poles, i.e. roots of the closed loop system characteristic equation: 
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for the root locus gain k from 0 to 
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Reamark: 

Note that the overall gain of the OL system is equal to 
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, excluding integrating systems.

Construction and calculation rules:
1. There are n root locus sections (branches) corresponding to n closed loop poles 
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2. The starting points (
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) of the root loci are the poles of the open loop system 
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3. The arrival points (
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) of m root locus sections are m zeros of the open loop system 
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sections proceed to infinity along 
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asymptotes.

4. The asymptotes intersect in one point q on real axis at angles 
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5. Root loci are symmetric with regard to the real axis.

6. All points of the real axis lying to the left of an odd number of finite real poles and zeros of OL system (taking into account their multiplicity) belong to the root locus.

7. Breakaway points are points on the real axis where two or more branches depart from or arrive at the real axis. They may be determined by solving the following equation for s: 
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8. If k root locus sections depart or arrive from one point on the real axis, they do this at angles 
[image: image16.wmf]k

a

, as defined by rule 4.

9. The summation rule. If 
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 the sum of the poles of OL system is equal to the sum of poles of CL system, it means that the sum is independent of k.

10. The multiplication rule. If at least one zero of OL system is in the origin of the s-plane, then the product of the CL system poles is equal to the product of OL system poles.

11. The gain k at the specific point 
[image: image18.wmf]*

s

of root locus (the CL pole for k) can by determined from: 
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12. The intersections of root locus branches with the imaginary axis (CL system becomes unstable) may be found by substituting 
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 in the root locus equation. This also yields the value of the gain corresponding to the points and the oscillation frequency.

Root locus method - problems

Problem 1.

Draw the root loci of the unit feedback system for the following OL transfer functions 
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Problem 2 

Construct the root locus of the CL system for the transfer function:
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in the following cases:

	a. A=2, B=2
	b. A=3, B=2

	c. A=1.5, B=2
	d. A=2, B=3

	e. A=2, B=1.5
	f. A=3, B=1.5
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