Final Exam, Control System, 109-2 (2021)
Date: Friday, June 11, 2021. Time: 1pm-10pm
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(Problem 1, 20 points)

Consider the root locus plot shown in Figure 1.
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Figure 1

Find the best possible transfer function:

s+1 . B s+1 . C s+3 . b s+3
(A) s2(s+9) (B) s2(s+12) ’ © (s+2)2(s+11) ’ ) (s+2)2(s+9)




(Problem 2, 10 points)
The root locus plot of one open-loop transfer function with four poles (x) and two zeros (o) is shown in

Figure 2. On the locus, five locations with different gains are identified as K1, K2, K3, K4, and KS5.
Please arrange these gain values in ascending order.
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(Problem 3, 20 points)

The root locus plot of one open-loop transfer function with four poles (x) and two zeros (0) is shown in
Figure 3.
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Figure 3

Moreover, four different lead or lag compensators, i.e., D(s) = (s+z)/(sp), are designed and the root locus

of the system controlled by these compensators are shown in Figure 3(a) — Figure 3(d).
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Please identify the possible form for these four lead/lag compensators, e.g., Figure 3(a) - Figure 3(d),
from the following list. (For example, the answer could be that Figure 3(a) is (J), Figure 3(b) is (F), etc.)

(W) DE) =505 5 B) DO =gy 5 (© DO =gy s (D) D) =gy
_ . s+5 _ s+3 s+5

D) =g B DO=rg: @ DE=rrg: ) DO =g
_ . s+5 _ st3 s+5

DW= O DO =5y K DO = L) D)=



(Problem 4, 14 points)
The root locus plot of one open-loop transfer function with four poles (x) and two zeros (0) is shown in
Figure 4(a). Moreover, the root locus plot of the transfer function with one compensator, e.g., D(s) =

(stz)/(s*p), is shown in Figure 4(b).
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Please find out the improvement of overshoot by the compensator D(s).

(A) From 30% to 15% ;  (B) From 25% to 5% ; (C) From 20% to 10% ; (D) From 10% to 3% .



Consider the Bode plot of one open-loop transfer function shown in Figure 5.

Bode Diagram
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(Problem 5, 20 points)

Please find the best possible transfer function in Figure 5:

10 ‘ B 20 C 10 D 20
s(s?+0.4s+4) (B) s(s2+40.2s+10) ’ © s(s2+4s+4) ’ (D) s(s2+2s5+10)

(A)

(Problem 6, 10 points)

For the Bode plot shown in Figure 5, what is the possible gain margin:

(A) 001  (B) 0.1 (C) 10 (D) 100

(Problem 7, 10 points)

For the Bode plot shown in Figure 5, what is the possible phase margin:

(A) 80deg; (B) Sdeg; (C) -5deg; (D) -80deg.



Consider the block diagram shown in Figure 8(a).
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Figure 8(b) shows the Bode plot of the systems with different feedback gains and compensators, that
is, K*G(s), K1*Dc1(s)*G(s), K2*Dc2(s)*G(s), K3*Dc3(s)*G(s), K4*Dc4(s)*G(s), respectively.
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(Problem 8, 12 points)
What is the best possible form of K2*Dc2(s)?
S S S
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(Problem 9, 32 points)

Consider the block diagram shown in Figure 9. Assume that G(s) = pEn 2;S+ 200) "
D(s) and H(s) are to be designed based on following requirements.
Controller = Plant
R > oY
N D (s) G(s)
Sensor
H(s) i
Figure 9

(@) Let H(s) = 1, and D(s) = k32 2 =10.
s+p VA

Select z and K so that the roots nearest the origin (the dominant roots) yield:
C = 0.4, RealPart(roots) < -5, Kv > 4.
(b)y Let H(s) = 1+ Kd=xs, and D(s) = K.

Select K and Kd so that the dominant roots are in the same location as those of Part (a).

Compute Kv.

s+1
s+p °

(¢) Let H(s) = 1, and D(s) = K

Select K and p so that the compensator can generate Kv =10.



(Problem 10, 52 points)

Consider the block diagram shown in Figure 10.

1
(s?42s+2)(s—1) °

Assume that G(s) = D(s) =Kp+Kd+*s and H(s) =1.

For design and analysis simplicity, let Kp =2 *K; Kd =K.

Controller Plant
R > B oY
e D (s) G(s)
Sensor
H(s) r
Figure 10

(a) Draw the Bode plots for K = 1 and use the plots to estimate the range of K for which the system
will be stable.

(b) Pick up one value of K in the stable range, draw the Bode plot of the selected K, and determine the
Phase Margin from the Bode plot of the selected K.

(c) Use the root locus approach to find the stable range of K.

(d) Sketch the Nyquist plot of the system, and use it to determine the number of unstable roots for the

unstable ranges of K.

(e) Using Routh’s criterion, determine the ranges of K for the closed-loop stability of this system.

10



