1. A motion control system with unity negative feedback has plant transfer function given by 
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(a) With controller C(s) = 1, what are the step response specs and what are the steady state tracking errors to unit step and unit ramp inputs?

(b) Using Root Locus based method, design a proportional controller so that the closed-loop system has step response overshoot ≤ 15%.  
(c) After compensation, what are the new step response specs and what is the steady state tracking error to a unit ramp?
(d) Design a new controller so that Mp ≤ 15% and ts  between 1 and 1.5 seconds for 2% tolerance are simultaneously satisfied. How did the new controller affect the other step response specs and steady state tracking specs?

(e) Modify the above controller so that steady state tracking errors to ramp inputs are ≤ 5% ramp magnitude. Furthermore, Your controller should have no pure differentiators in it due to noise concerns.

2. A plant has transfer function given by 
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Design a lead controller so that the closed-loop system is stable and step response will have: 
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 with ±2% tolerance. Furthermore, try to keep the DC gain of the controller to be 1.

3. Given the system shown in Figure 1, first design a proportional controller to achieve ≤16% overshoot. Then design a proportional plus derivative compensator to yield a 16% overshoot, with a threefold reduction in settling time for ±2% tolerance. Compare the two resulting systems in terms of peak time, rise time, delay time, steady state tracking for step and ramp inputs, and the magnitude of the control signal (
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Figure 1

4. Given the system shown in Figure 2, design the lead-lag compensator for the system so that
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to ramp ≤ 0.01. 
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Figure 2
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Given the system shown in Figure 3, design a controller for the system so that
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to step equals to zero and ess to ramp ≤ 0.03. (Hint: you may have to use a PID controller or a PI times a lead-lag.)
Figure 3

6. Given the system shown in Figure 4, design a lag-lead compensator for the system so that
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to ramp≤0.035. 
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Figure 4
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