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Questionl  Sem 2,2020/21
Use block diagram reduction to find the transfer function of the control block diagram shown in
Figure 1 below. (Total: 10 marks)
Hl <
+
+ +
R— & G2 &5 Gy &
H
Figure 1
HV
Gs
+
+ +
R —” Gl Gz G3

—eo—» C

Dr Kenneth LO



Q THE HONG KONG COLLEGE OF PROFESSIONAL AND Sl i Eaton P S
Q b POLYTECHNIC UNIVERSITY %qyggg%glggg%ucm]w FrEEEn E H S Enaneringand Heali St
FHHEH T A8 A AP FUH S SPEED A, TRRRRBL
”~ —
H V <
Gy
+
N G3G,
R » G]_ GZ > ———e— ) C
1+ G3G4H,

G,G3Gy
1 - GyG3H; + G3G4H-

C G1G,G5G,

R~ 1— GyGs3H, + G3G.H,

Dr Kenneth LO



THE HONG KONG COLLEGE OF PROFESSIONAL AND Sepotr s or e
Q b POLYTECHNIC UNIVERSITY %ON};E UING EJ%;EJCATION S E H
T T K& AN XA EH S SPEED e m&
”~ -
Question 2

Sem 2, 2020/21

Use Mason’s rule to determine the transfer function of the signal flow graph as shown in Figure 2

below. (Total: 12 marks)
Forward Path: G
Pl = G1G2G3 P 1 1 o
Py = G1Gy
LOOp: Figure 2
L, = H,

A=1— (Ll + Lz + L3 + L4_ + Ls) + (L]_LZ + L1L3)
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Question3 Sem 2,2023/24
A unity feedback control system with proportional-derivative (PD) controller is shown in Figure
1 below.
R(s) 3 1 C(s)
Kp+ Kos 3s+1 | | s+10 "
Figure 1
(a) Determine the values of Kp and Kp such that the unit-step response of the control system has a
maximum overshoot (percentage) of 3% and an undamped natural frequency of 8 rad/s.
(15 marks)
(b) Hence, find the steady-state error under the condition in part (a). (5 marks)
(Total: 20 marks)
C (K+Ks)(2)(1) 2(Kp + K
The closed-loop transfer function is, Esi _ PP \3s +21 s + 110 = T (Kp -l)' DS() )
R(s ( )( ) 3s+1)(s +10) + 2(Kp + Kps
L+ (Kp + Kps) \35577) (5510
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2(Kp + Kps) 3 (Kp + Kps)
352+ (31 4+ 2Kp)s + (10 + 2Kp) 624 (31 + 2Kp)s N (10 + 2Kp)
3 3

Equating terms with a second-order system, .2 (31 4+ 2Kp)s 4 (10 + 2Kp)

S = 5% + 2{w,Ss + Wi

3 3
. 10 4+ 2K
Given w,, = 8 rad/s, we have - L= w2 =g2 K, =91
Given M, = 3%, we have
—({n (In Mp)?2 (In 0.03)2 07448
[1—C2 = = = U.
0.03 = eV~ ¢ w2 + (In Mp)?2 2 + (In0.03)2

1+ 2K,

3 Kp = 2.375

20w, = (2)(0.7448)(8) = >
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; 1 (s) Kp =91
Kp+ K > > >
pomADS 35 + 1 s+ 10
K, = 2.375

Hence, steady-state error,
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| 2 1 2\ [ 1
Kp = lim(91 + 2.3755) <35 n 1) (S m 10) = (91) (I) <1—0> = 18.2

e(o0) =

1+Kp

= 0.0521
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