Problem 3.40:

MATLAB OUTPUT:
K=

2.5000
Given:

Transfer function:
50s72 + 150 s + 100

s +5.035"3+40.21s"2+1.5s5+2.4
Controller (K=2.5):

Transfer function:
25s+7.5

Closed Loop System Transfer Function: for K =2.5

Transfer function:
125sA3 + 750”2 + 1375s + 750

sA5+15.03s"4 + 2155573 + 1154 s"2 + 1392 s + 774

Step_Response_Info =
RiseTime: 0.1406
SettlingTime: 4.6958
SettlingMin: 0.7104
SettlingMax: 1.0605
Overshoot: 9.4487
Undershoot: 0
Peak: 1.0605
PeakTime: 2.3013

K=
0.1000
Controller (K=0.1):

Transfer function:
0.1s+0.3

Closed Loop System Transfer Function: for K =0.1



Transfer function:
5573 +30s”2+55s+30

sA5+15.03s"4 +95.51s"3+433.6s5"2+72.4s5+54

Step_Response_Info =
RiseTime: 2.8133
SettlingTime: 53.3769
SettlingMin: 0.3876
SettlingMax: 0.8755
Overshoot: 57.5828
Undershoot: 0
Peak: 0.8755
PeakTime: 7.2801

K=
1
Controller (K=1):

Transfer function:
s+3

Closed Loop System Transfer Function: for K =1

Transfer function:
505”3 +300s”2 +550s + 300

s"5 +15.03 s"4 +140.5 s"3 + 703.6 s"2 + 567.4 s + 324

Step_Response_Info =
RiseTime: 1.0374
SettlingTime: 8.7452
SettlingMin: 0.8362
SettlingMax: 1.1016
Overshoot: 18.9777
Undershoot: 0
Peak: 1.1016
PeakTime: 3.0441

K=
5
Controller (K=5):

Transfer function:
5s+15



s+10
Closed Loop System Transfer Function: for K =5

Transfer function:
250 s73 + 1500 s*2 + 2750 s + 1500

sA5 +15.03 sM4 + 340.5 5”3 + 1904 s"2 + 2767 s + 1524

Step_Response_Info =
RiseTime: 0.0844
SettlingTime: 3.7218
SettlingMin: 0.7049
SettlingMax: 1.2573
Overshoot: 27.7429
Undershoot: 0
Peak: 1.2573
PeakTime: 0.1991
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It is not simple easy to meet the design constraints for this system. It was found that K must be in a
range approximately from 2.35 to 2.75 so as to meet the constraints. As can be see from the above
plots, having a gain that was less than 2.35 or more than 2.75 lead to a system response that was
outside of the design specifications.
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