
 
 
 
Q.6 A unity feedback system is shown in Figure Q.1,  

 
Figure Q.1 

where  

𝐺 𝑠 =
𝐾

𝑠 𝑠 + 1 𝑠 + 2 (𝑠 + 3) 

 (a) Draw the root locus using Excell by using data generate from Matlab for the 

system in Figure Q.1 

  

 (b) State the range of K to achieve each of the following operating condition: 

  (i) critically damped                                                                        

  (ii) critically stable                                                                                      

  (iii) overdamped                                                                                         

  (iv) underdamped                                                                                        

  (v) unstable                                                                                                 

  

 (c) The system is required to operate at 20% overshoot. Find the following: 

  (i) The gain K                                                                                             

  (ii) All the closed-loop poles 

  (iii) The settling time 

  (iv) The peak time                                                                                       

  (v) The validity of the second-order approximation                                  
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10. Why is there more improvement in steady-state error if a PI controller is used
instead of a lag network?

11. When compensating for steady-state error, what effect is sometimes noted in the
transient response?

12. A lag compensator with the zero 25 times as far from the imaginary axis as the
compensator pole will yield approximately how much improvement in steady-
state error?

13. If the zero of a feedback compensator is at !3 and a closed-loop system pole is at
!3:001, can you say there will be pole-zero cancellation? Why?

14. Name two advantages of feedback compensation.

Problems
1. Design a PI controller to drive the

step response error to zero for
the unity feedback system shown
in Figure P9.1, where

GðsÞ ¼ K
ðsþ 1Þðsþ 3Þðsþ 10Þ

The system operates with a damping ratio of 0.5.
Compare the specifications of the uncompensated
and compensated systems. [Section: 9.2]

R(s) + C(s)E(s)
G(s)

–

FIGURE P9.1

2. Consider the unity feedback system shown in Figure
P9.1, where

GðsÞ ¼ K
sðsþ 3Þðsþ 6Þ

a. Design a PI controller to drive the ramp response
error to zero for any K that yields stability.
[Section: 9.2]

b. Use MATLAB to simulate your
design for K ¼ 1. Show both
the input ramp and the out-
put response on the same plot.

3. The unity feedback system shown in Figure P9.1 with

GðsÞ ¼ K
ðsþ 2Þðsþ 3Þðsþ 7Þ

is operating with 10% overshoot. [Section: 9.2]

a. What is the value of the appropriate static error
constant?

b. Find the transfer function of a lag network so that
the appropriate static error constant equals 4
without appreciably changing the dominant
poles of the uncompensated system.

c. Use MATLAB or any other computer
program to simulate the system
to see the effect of your compensator.

4. Repeat Problem 3 for GðsÞ ¼ K
sðsþ 3Þðsþ 7Þ.[Section: 9.2]

5. Consider the unity feedback system shown in Figure
P9.1 with

GðsÞ ¼ K
ðsþ 3Þðsþ 5Þðsþ 7Þ

a. Design a compensator that will yield Kp ¼ 20
without appreciably changing the dominant pole
location that yields a 10% overshoot for the
uncompensated system. [Section: 9.2]

b. Use MATLAB or any other computer
program to simulate the un-
compensated and compensated systems.

c. Use MATLAB or any other computer
program to determine how much
time it takes the slow response of the
lag compensator to bring the output to
within2%ofitsfinalcompensatedvalue.

6. The unity feedback system shown Figure
P9.1 with

GðsÞ ¼ Kðsþ 6Þ
ðsþ 2Þðsþ 3Þðsþ 5Þ
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