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Root Locus Recap

• Root Locus: a method of presenting graphical information 
about a system’s behavior when the controller is working

• Common tool for design of closed loop systems 
• Allows us to sketch out system behavior for a range of K 

2

Transient Response Design via Gain Adjustment

• Design Procedure for Higher Order Systems
1. Sketch the RL
2. Assume 2nd order system w/ no zeros
3. Find K to meet transient response specs

4. Verify positions of higher order poles to make sure assumptions 
are valid

5. If assumptions do not hold, simulate system numerically
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Conditions for Second-Order Approximations

• Higher order poles are much farther to the left of the dominant 2nd

order poles

• Closed-loop zeros near closed-loop 2nd order poles are canceled 
by proximity of higher-order closed-loop poles

• Closed-loop zeros not canceled by proximity of higher-order 
closed-loop poles are far from closed-loop 2nd order poles
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Example From Last Class

• Design value of K such that we get 1.52% overshoot.
• Estimate settling time, peak time, and steady-state error.

z ~ 0.8
Yields K = 39.64
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What if?
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Key Points

• Where should we add open-loop poles & zeros to yield 
desired 2nd order closed-loop poles?

• Similar to Root Locus

• How do we use dynamic compensators to meet desired 
transient & steady-state specifications
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Compensator Configurations

• Cascade

• Feedback
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Recall from Ch. 7

• Consider the feedback system

• The steady-state error is given by
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Recall the 3 cases

• If R(s) = 1/s (unit step), at least one pole must be at origin for 
e(� ) = 0

• If R(s) = 1/s2 (ramp ), at least 2 or more poles at origin for 
e(� ) = 0

• If R(s) = 1/s3 (ramp ), at least 3 or more poles at origin for 
e(� ) = 0
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Key Point

• When we add a pole @ origin, e(� ) = 0

• This is equivalent to …

• An ideal integral compensator improves steady-state error 
by placing an open-loop pole at the origin (and an open-loop 
zero close to the origin)
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Consider

12

Example 1

• Assume z = 0.174
• Let’s see how the compensator changes the response.
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PI Compensator – Improves Steady-State Response

• Assume K1 is constant, what happens if we increase K2?
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What About Transient Response?

• Consider the system with the following RL
• Let’s try adding a zero @ -2, -3, and -4
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Summarizing Our Results
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Example 2

• PD compensator w/ %OS = 16% 
• 1/3 Ts of uncompensated system

• Note 16% overshoot, corresponds to z = 0.504, i.e. slope of 
1.714 
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PD Compensator – Improves Transient Response

• Assume K1 is constant, what happens if we increase K2?


