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Question 5 Sem 2, 2023/24

A series phase-lead compensator, G.(s), is used to control the position of a servo motor as shown in Figure 2 below.

RE) Ge®) [ gouay [T CO

(@) Find the value of the gain, K.«a, of the compensator such that the system has statics velocity error

constant of 10 sec. (5 marks)
1
o Ts +1 S+ T
From equation list, we have  G¢(s) = Kca ———— =K,
aTs + 1 s+ 1
aT

Ko = 1 100 K Ts+1 _ 100K — otk a =10
V=0t s(s +4) Cars+1) - 4 c® =

“Kea =04
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A series phase-lead compensator, G.(s), is used to control the position of a servo motor as shown in Figure 2 below.

R(S) & 100

Y

Ge (s)

s(s+4)

> C(s)
(a) Kca = 0.4

(b)  With the result obtained in part (a), plot the exact Bode diagrams at angular frequencies of 1 rad/s, 2 rad/s, 5 rad/s,

_ 100
8 rad/s, and 10 rad/s for G;(s) = Kcas =t
G1(s) = (0.4) -2
1W5) =15 s(s+4)) s(s+4)
Repl ith j h Gi(jw) = *0
eplace s with jo, we have G,(jw) = PR

w

40
wVw? + 42
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(15 marks)

w(rad's) |G (w)|  £6,(w) (°)

(dB)
1 19.7 ~104
2 13 ~116.6
5 1.9 ~141.3
8 5.1 ~153.4
10 8.6 ~158.2
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Question 5 Sem 2, 2023/24

A series phase-lead compensator, G.(s), is used to control the position of a servo motor as shown in Figure 2 below.

y

A + 100 >
©) Ge®) [ sord I

(c)  Hence, find the transfer function of the phase-lead compensator such that the phase margin is at least 60°. (10 marks)
(Total: 30 marks)
From the Bode diagrams, find the phase margin (P.M.) first:

At 0dB, w = 5.6 rad/ s, the system phase is —143°,

The phase margin = 180° + (—143°) = 37° The new system gain Is now,
Hence, the maximum phase-lead required is 1G,(jw)| = —2010 _ _442dB
¢y = 60° —37° 4+ 5° = 28° 10 g\/0.361
_ , l1—«a _ At this new system gain, from the Bode Diagram, the
Sin 28" = 1+« = @ = o] new crossover frequency is, w,, = 7.8 rad/s.

Dr Kenneth LO Bode Diagrams
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Question 5 Sem 2, 2023/24

1
1 1 £ )i Ts+1 KS+T
s)=K.a——— =
=—— 5= =(7.8)(+/0.361) = 4.686 ¢ “als+1 ¢ 1
Wy Jar ~ ( )( ) St T
K-a =04
1 _ 4686 _ oo —
al 0.361 w,, = 7.8 rad/s
K 04 - K 04 1.11
= U4 - = = 1.
c ¢ 7 0.361
_ _ + 4.686
So, the transfer function of the phase-lead compensator is, Go(s) =1.11 > 1298
S .
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Question5 Sem 1, 2023/24

A series phase-lag compensator is added in the forward path of the position control system, as shown in Figure Q5 below, to
enhance the stability of the system. The transfer function of the compensated system is listed as,

s+ 0.4 100
Ge(5)G(s) = < s+ 4 ><S(S +3)(s + 5)) '

Given the following open-loop frequency response of the compensated system (G.(s)G(s)).

w (rad/s)  Gain (dB) Phase (°)

(@) Plot the Bode diagrams of the compensated system in the semi-log

82 17134 :673;3 graph paper provided. (8 marks)
0.8 4.8 —61.9
1 4.2 —65.6
3 -1.8 -120.4
5 -8.4 —-160
8 -17.1 -193.7
10 —22 -207.2
20 —38.6 -237.3
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tion & |G.(jw)G(jw)| (dB) £G.(jw)G(jw) () .
Question A 02 04 081 3 5 810 20 4 :
20 % SN ST X S p ool e = b 60°k—p— (Tad/s) iz
Sem 1, 2023 /24 o (rad/s) 54
- N\
10 ERaNy \ —90°
\‘ \ w2
. &
0 —120° 5
, 1%
E 27
_10 A \‘ —1500 é‘; gq%
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Question 5 (b) Hence, find the gain margin and phase margin of the compensated system. (4 marks)
Sem 1.2023/24 1Gc(jw)G(jw)| (dB) 26, (jw)G(jw) (°) )
4 0.2 04 081 3 5 810 20 4 é
20 it ey e b 60%e (Tad/s) =
G.M.=0-(-12.8) =12.8dB g R "
_ 10 N \ —90°
Wy = 6.1 rad/s S ‘
0 ) E —120° o
5 34
0 ‘K\i —150° 5 §§
“12.8 e T ey
\: =2
\\E X §_ %
........... .2.@. ;\‘ - _1800 % (é
\ g %
\ z o=
\ ©w g g
\ g o <
-30 ANAY —210° é ii
40 —240°
©
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Question 5 (b) Hence, find the gain margin and phase margin of the compensated system. (4 marks)
Sem 1.2023/24 1Gc(jw)G(jw)| (dB) 26, (jw)G(jw) (°) )
2 0.2 0.4 081 E3 5 810 20 4 g;
20 frrptpronpg bt spoopey b e b 60ie-w (rad/s) i
e |; @
P.M.=180°+ (—111°) = 69° g R IF
_ 10 — A\ .t —-90°
wge = 2.6 rad/s S ‘ ii
TR
NS ]A!‘ eereandens | —111° 8_
........ v 'S ~120° 2
It , 2%
10 ‘i\‘ —150° g
\ I
\ g e
\ X §_ %
20 NN —180° % &
\ g %
\ w 23
\ § 52
-30 A —-210° o &
-40 —240°
o
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Question5 Sem 1, 2023/24

(c) ldentify the new gain margin and phase margin if a gain of magnitude 2 is added before G_(s). How will be the system
stability affected? (8 marks)
(Total: 20 marks)

Only the magnitude bode plot will be shifted up by 20log 2 = 6 dB.

w (rad/ s) Gain (dB)  New Gain (dB) 6.(5)G(s) = (s + 0.4> ( 100 )
0.2 11.4 17.4 s+4 J\s(s+3)(s+5)
0.4 7.3 13.3
0.8 4.8 10.8

1 4.2 10.2
3 ~1.8 4.2
5 ~8.4 —2.4
8 ~17.1 ~11.1
10 —22 _16
20 —38.6 ~32.6
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uestion 5 1G,(jw)G(jw)| (dB) £G.(j0)G(jw) (°) )
4 02 04 081 3 5i810 20 4 £
: 2
Sem 1,2023/24 20 4 S S SR P e =460t (rad/s) =
y x\ : @
X S
G- M- = 0 - (_7) = 7 dB 10 - \\ —9(°
Wy = 6.1 rad/s :
0 SN —120° 2,
\ T g
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Question 5 : 2G.(jw)G(jw) (°) .

A 0.2 0.4 081 3 15 810 20 o £

Sem 1, 2023/24 : I ST X v p B g o Npes Pt d —60°F=—p— (rad/s) = %

H =]

P.M. = 180° + (—139°) = 41° \ i

wge = 3.9 rad/s

................ —120°
........ —139° 5
| z
—150° 5

When the system gain increased by
6 dB, the magnitude Bode plot will —180°
be shift up by 6 dB, which results a :

JUWO[IAS(] SATINOIXY PUE UOTBINPH [EUOISSAJOI] JO [00U0S
AJIs10ATU) OTU]O)ATO4 SUOY SUoH oY,

gain margin decreased from 12.8 3 loe i
dB to 7 dB, and the phase margin \ ¥
Is also decreased from 69° to 41°.

Hence, the system stability will be Ny —240°

lowered.
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Question 6 Sem 2, 2020/21

100

The open-loop transfer function of a pressure process control system is given by G (s) = GIDG 5610
S S S

a) Evaluate the magnitude (in dB) and phase (in degrees) of the system at angular frequencies of 0.1, 0.5, 1, 5, 10, 12, 15

and 18 rad/s. (4 marks)
Replace s with jo, we have w (rad/s) G(jw) (dB) 2G(jw) (°)
100 0.1 5.98 ~7.43
6U0) = Zo T D0w + 50 + 10) 0.5 5.0 _35.14
1 2.8 —62.02
100 5 -12.11 —150.26
GU@)] = 20log <\/a)2 + 12V w? + 52Vw? + 102> 10 —24.02 —192.72
12 —27.77 -202.81
£G(jw) = —tan"tw —tan™?! % —tan~?! % 15 —-32.64 —-214.06
18 —36.82 —222.24
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Question 6 Sem 2,2020/21

b) Plot the exact Bode diagrams in the semi-log graph paper provided. (6 marks)
c) Hence, determine the gain and phase margins of the system. (4 marks)
lG gw\xé“ B :L\’\L_ =  ' T ",“T""r"l:? i I o r : g
(}((&) B _3\,\ e 1 e 7517";,(/,‘%“ ’
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Question 6 Sem 2,2020/21

b) Plot the exact Bode diagrams in the semi-log graph paper provided. (6 marks)
c) Hence, determine the gain and phase margins of the system. (4 marks)
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Question 6 Sem 2, 2020/21

100
(s+1D(s+5(s+10)

The open-loop transfer function of a pressure process control system is given by G(s) =

d) Design a proportional controller for the system such that it has a gain margin of 8 dB. (6 marks)

Gain Margin = 19.5 dB (from part c)

Hence, the proportional controller needs to contribute 11.5 dB to the overall system.

20logK =11.5

K = 3.758
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