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QUESTION 1

a) The water level system is given in Figure 1.

(i) Produce the closed loop block diagram of water level system. (3 marks)

(ii) Explain how does the water level system works. (Justify the

answer in term of input, process and output) (6 marks)

(iii) State one (1) application that used similar type of control system
in (ii). (1 mark)

~ || WATER LEVEL CONTROLLER

WATER LEVEL SENSOR

WATER PUMP Coiais

WATER TANK

Figure 1

b) Using partial fraction, find the time response C(t) of the system

below:
Given R(s) = 1/s. (5 marks)
G(s)

(s+2)(s+4)
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c) The RLC circuit is given in Figure 2.

v (2) =y

Figure 2

(i) Write the differential equation of RL network using Kirchhoff
Voltage Law (KVL), v(t) = 0

(2 marks)

(i) Given i(0) = 0.Find the transfer function for Current-voltage,
I(s)/V(s) (3 marks)
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QUESTION 2

The transfer functions are given:

1 PP
5 +3) 2 =578

Hi(s) =

a) Produce the system representations of the block diagram:

(i) Cascade system
(i) Forward loop system

(iif) Feedback loop system

b) Based on question 2a),
(i) Find the equivalent transfer function for each system.

(2 marks)
(2 marks)

(2 marks)

(9 marks)

(i) Produce MATLAB/SCILAB code to find the equivalent of the

transfer function for each system.

(5 marks)



CONFIDENTIAL
CONTROL SYSTEM (BET 2113)

QUESTION 3
. , o 250
a) The transfer function of first order system is given by G(s) = ST250
(i) Sketch the pole location of the system. (2 marks)

(if) Find the constant time (t.), rise time (t,) and settling time (t,). (6 marks)

(iii) Indicate the values of rise time (t,) and settling time (¢,) of the
system on the graph paper in Appendix A. (4 marks)

b) The transfer function of second order system is given:
_ 225
5241254225

G(s)

(i) Find the natural frequency (w,) and damping ration ()
(4 marks)

(i) Indicate the values of the rise time (t,) and settling time (t;) of
the system on the graph paper in Appendix B. (4 marks)



CONFIDENTIAL
CONTROL SYSTEM (BET 2113)

QUESTION 4

a)

By using Ziegler Nichols methods, find the gains for the followings if the ultimate

gain = 100 and oscillation period = 45s.

(iy P controller (1 mark)
(ii) PD controller (2 marks)
(iii) PI controller (2 marks)
(iv) PID controller (3 marks)

Figure 3 shows the mass-spring-damper system. Given the transfer function of

the system is and the values of mass-spring-damper system are

$2+10s+20
m=1kg, b=10Ns/m, k=20 N/mandF =1 N.

GI 14599445959 F

Figure 3

Based on above, find the transfer function of the mass-spring-damper system
using the following controllers:

(i) P controller (Kp=300) (3 marks)

(i) PD controller (Kp=300, Kd=20) (3 marks)
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(iii) Pl controller (Kp=40, Ki=80) (3 marks)

(iv) PID controller (Kp=350, Ki=300 and Kd=50) (3 marks)

€) Based on question in 4b),
(i) The graph of the mass-spring-damper system is shown in Figure 4. Analyze
the results of mass-spring-damper system using P controller, Pl controller and

PD controller based on maximum amplitude (Cimax), rise time (t,.) and settling

time (¢t,).
Step Response of P, PD & PD Cantroller

1.2

Q
™

Amplitude

Q
@

0.4

02

0 01 02 03 04 05 08 07 0B 08 1 11 12 13 14 15 18 17 18 18 2

Time(s)
Figure 4
(6 marks)
(if)y Produce the closed loop block diagram using PID controller (4 marks)
(i) Produce the SCILAB/MATLAB Code using P, PI, PD and PID
controller (10 marks)

End of question
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APPENDIX B
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12.

13.

A =nr?
S1,2 = _{wn s Wn/ 52 -1
j=-1
W= Wy /1 =72
1
tc —Z
2.2 1
=y It
™
tp =;
4 4
ts = [/ to=5—

a {wn
E(s) = R()[1-T(s)]

. %05 = e~ (=74 100

P _controller
ky
s? +10s + (20 + ky)

Pl _controller
(kp)s + ki

s3+10s% + (20 + kp)s + ki

PD controller
de + kp

sZ+ (105 + kg)s + (20 + k,)

PID controller

kas® + kps + k;

s34+ (10s + ky)s? + (20 + kp)s + k;

Z-N Method

. Controller for Spring-mass-damping system:

APPENDIX C

Ziegler Nichols Method

Control Type Kp K; K4
P 0.5K,, - -
Pl 0.45K,, 1.2K, /T, -
PD 0.8K, - K,T./8
PID 0.6K,, 2K, /T, K,T,/8

Voltage-current, voltage-charge, and impedance relationships for capacitors, resistors, and inductors

Impedance Admittance
Component Voltage-current Current-volfage Voltage-charge Z(s) = V(s)/I(s) Y(s) = 1(s)/V(s)
X e in=ctO ') = 2q(0) L e
= "0 ‘E/l, () ar c s
Capacitor
MA~ W=k i) =30 (1) = R2L0 R leg
; dt R
Resistor
dil ! 2
-—/mo-\— W= L%I) i) = % /n Wr)dr W) = deizm Ls %

Inductor

Note: The following sct of symbols and units is used throughout this book: v(r) — V (volts), i(t) — A (amps), g{f) — Q (coulombs), C — F (farads),
R - (ohms), G~ Q (mhos), L — H (hearics).
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Table of Laplace Transforms

f(O)=eMF(s)}  F(s)=£{r (1)} f(t)y=£{F(s)} F(s)=2{r (1)}
L. 1 t]Y_ 2. " -;%;
" n! I'(p+l
3. 1", n=123,... o 4. .p>-i (s"“ )
X 3.5.(20—
5. r -2\/—7’— 6. ", n=1,23,.. L33 2( i e
$? lis"*z
. a s
7. sin(ar) yep 8. cos(at) pep
' 2as st —ag*
9. tsin{at) (S2+a2) 10. tcos(at) (Sz+az)z
24° 2as”
11. sin(at)—atcos(at) (sz+a2)2 12. sin(at)+atcos(at) (s2+a2)2
s(s2-—a2) s(sz+3a2)
13.  cos(ar)—atsin(ar) (—2""2—)2— 14, cos(at)+atsin(at) -z—z———z)—z
s’ +a s*+a
15, sin(ar+2) ssin(b2+a::os(b) 16, cos(at+b) scos(bz)—azsin(b)
s°+a s +a
. a s
17. sinh(a) YR 18. cosh(ar) pea
b §—a
19. ea’ sin (bt) m 20. e"/ cos (b,) m
) b s—a
21. ¢ sinh(b7) m 22. ¢" cosh(bt) m
n! 1[5
23. tneal, ]1:1,2,3,-.. -(::;—)';T 24, f(C[) ;F(E)
25, uc(t)=u(t—-c) e 26. 5(r=c) e
Heaviside Function s Dirac Delta Function
27. u (1) f(1=c) e F (s) 28, wu.(t)g(1) e'“ﬁ{g(ma)}
29. ef(¢) F(s-c) 30. f(1), n=123,.. (=1)" F¥ (5)
3L 21(0) ["F)d |32 [ r)a F(s)
t s 0 s
1 ITC"" (¢)ar
33, jof(t—t)g(r)dr F(s)G(s) 34, f(t+T)=71(¢) 0 i
1-e™*
35. /(1) sF(s)-£(0) |36, f"(¢) s*F(s)—sf (0)-1'(0)
37. /() §"F(5)=s""f(0)=s"21(0) =5/ (0)- £ (0)
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