EE 475 HW #9
1. A unity feedback control system has plant transfer function 
[image: image1.wmf]2

200

()

44

Gs

ss

=

++

. You are required to maintain the DC gain so that ess to step <= 2%, but reduce the step response overshoot to be no more than 10%.
a. Design a PD controller C(s) = KP + KDs to achieve both specifications.
b. Alternatively design a lead controller to achieve both specifications.

c. As a third alternative, design a lead-lag controller to achieve both specifications.

2. As it turns out, the closed-loop control system using any of the above three controllers was not satisfactory to the customer. The initial jerk was a little too much and the final settling error was also too much. The manager decided to modify the design specifications to: make the initial response speed to be about half of the original system, and make the steady state error also to be half (<=1%). 10% or slightly less overshoot is good. In order to be able to do this, the manager agreed to let you have full control of all controller parameters.
a. Design a PD-lag controller to meet all specifications.

b. Alternatively design a lead-lag controller to achieve all specifications.

3. In real test, it was found the noise was significant, causing the system to exhibit high frequency random shake. The experienced manager suggested you to add a first order low pass filer to the lead-lag controller, with DC gain =1 and corner frequency = 10X closed loop system bandwidth. For the PD-lag controller, the manager suggested using two low pass filters, one as in the lead-lag and a second one with 3 times higher corner frequency. With these filters added, regenerate the open loop bode plot for C(s)G(s), regenerate the closed loop-loop bode plot, and closed-loop step response. Compare these against what you have in problem 2. Modify your controller if necessary (for example, your overshoot might be over 10%) so that all three specifications are met.
4. In the lead controller design example we did in class, the plant transfer function is 
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, and the specs are closed-loop BW >= 20, step response Mp <=16%, but our achieved BW ( 25. Redo the design, make sure BW ( 20, and Mp = 10±1%.
5. Redo the above problem, but make sure that ess to ramp is <= 0.01. In this case, we we can relax the Mp requirement a little: Mp = 10±2%.

6. Redo the lead-lag design example that we did in class with 
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, but with new design specifications: Mp <= 15%, tr <= 1 sec, and ess to acceleration <= 0.5.
7. For the system given in Figure 7-168, design a lead-lag controller so that step response overshoot is about or slightly less than 10%, rise time is about or less than 1.5 sec, and the transient is about settled in several times of rise time. Furthermore, in ramp tracking, the steady state error should be about or less than 5%.

In lecture 26, some suggestions are given. Do your own design, write in detail your design process, generate relevant bode plots and time domain simulation plots, give the transfer function of your final controller C(s), and verify that you have achieved all specifications. 
8. For the system given in Figure 7-166 (B-7-32), design a controller to achieve the following specifications: ts <=1.5 sec, tr <= 0.5 sec, Mp <= 12%, and ess to a unit acceleration signal is <=2.5.

9. For the system given in 7-167, design a controller so that the closed loop system achieves ess <= 0.1 for unit ramp input, and its step response has <= 1sec settling time for 1% tolerance and <= 10% maximum percentage overshoot. 

Consider using a notch filter to cancel the plant oscillation due to a pair of lightly damped poles. Due to modeling errors, we typically want to make zero’s damping ratio slightly larger than that of the poles. And of course, we want the poles of the notch filter to be over damped. For example, the notch filter could have G_NF(s) =(s^2 + 0.11s+4)/ (s^2+5s+4), with two poles at -1 and -4. After the notch filter, you design your regular (lead/lag PID etc) controller Gc1(s). And your overall controller is Gc(s)=Gc1(s)*G_NF(s).

10. Do B-6-21, ignore the problem statement, and design a controller to achieve: Mp<=15%, ts<=2s (tol=5%), tr<=0.5s, ess_ramp <=0.01.
11. Redo problem 10, but make ess to ramp to 0.

12. Redo problem 9, but make ess to ramp to 0.
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