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Question 1

(a) Briefly compare and contrast open-loop control system versus closed loop control
system. (4 Marks)

(b) Draw the block diagram of a closed loop control system for a disk drive. (4 Marks)

(c) Find the transfer function, Vy(s)/Vi(s), for the circuit in figure 1(c) {6 Marks)

Vo (1) -

Figure 1 {¢)

(d) Given the pole plot shown in figure 1(d) , find ¢, wy, T, %0S and T (5 Marks)
jw
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Figure 1 (d)
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(e) Find the transfer function, T(s) = Y(5)/R(s), for the following system represented in
state space.

0 1 0 0
X = 0 0 1ix+] 0|r
-3 =2 =5 10
y=1[1 0 0O

Note: T(s) = C(si~A)"*B+ D
(6 Marks)

Question 2

(2) Based on the natural response definition of stability, explain for the the close-loop
system case, the terms stable, unstable and marginally stable. (6 Marks)

(b) (i) Derive the transfer function of the non-inverting amplifier as’shown in figure 2 (b).

(7 Marks)
(ii) Then, calculate the transfer function given the following values for the circuit
shown in figure 2(c).
(6 Marks)
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Figure 2(b) Figure 2 (¢)
(c) Find the state-space representation in phase variable form for the system shown in
figure 2(d). ' (6 Marks)
R(s) 30 C(s)

S+ 854+ 953+ 652+ 5+ 30

Figure 2 (d)



Question 3

(a) For the system shown in figure 3 (a), write the state equations and the output equation
for the phase-variabie representation. - (8 Marks)

R(s) 55+ 10 C(s)
st
3423+ 2455+ 10

¥

Figure 3 (a)

(b) Given the transfer function below, convert the transfer function into the following

C(s)  S*+s*+7s+1 ]

T(s) = R(s) s*+3s3+5s2+65+4 i :

(i) Phase-variable matrix form and draw the signal flow graph using the Phase-
variable form. (4 Marks)
(i)  Show that the transfer function can be converted to a controller canonical
matrix form and draw the signal flow graph using the controller canonical
form. (4 Marks)

(c) Given the system

09 1 0 10
x=| 0 0 1lix+| 0lu
-1 -2 -3 0
y=[1 0 0}
Find out how many poles are in the left half-plane, in the half-plane, and on the jw-
axis. (9 Marks)
Question 4
(2) What information is contained in the specification K, = 100 ? (4 Marks)

(b) Find the number of poles in the left half-plane, the right half-plane, and on the jw-axis
for the system of figure 4 (b) (6 Marks)



200 Cis) o
s(s3+ 657+ 115+ 6)

Figure 4 (b)
(c) Find the range of gain, K, for the system of figure 4 (c) that will cause the system to
be stable, unstable, and marginally stable. Assume K > 0. (6 Marks)
K e,

sis+ Ns+ 1D

Figure 4(c)

(d) Using the Routh-Hurwitz criterion and the unity feedback system of figure 1(c) with
G(s) = X

s{s+1}(s+2)(s+5)

Risy + E(s) Cist
‘ﬁ?——’ Gisy ¢ e

Figure 1(c)

(i) Find the range of K for stability [3]
(i)  Find the value of K for marginally stability [3]

(ii) Find the actual location of the closed-loop poles when the system is
marginally stable. [3]

(9 Marks)
Question 5

(a) For the given transfer function, sketch the bode log magnitude diagram which shows
how the log magnitude of the system is affected by changing input frequency.

(7 Marks)
1
T(s) = 25+100
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(b) Find the expression of frequency response for the system with a transfer function of

1 .
the G(s) = Tezs’ and then evaluate the magnitude and phase angles of frequency
response at w = 0.5 rad/s and represent the result in a the complex plane.

(15 Marks)

(c) For the system in figure 5(c), evaluate the static error constants and find the expected
error for the standard step, ramp, and parabolic inputs. (5 Marks)

SO0(s + D+ A+ 5 + Q) s+ T C(,s)__
s2(s + 8)(s + 10)(s + 12)

R($) + E(s)

Figure 5 (c)



Table 1

fmpedance  Admittance
Zls) = ¥is) =
Component Vaoltage-current Current-voltage Voltage-charge  Vis) Hs) i{s)- Vis}
i 1T {
--~{ (—~ {1y s E— [ r)ds KD = C‘fi\;(j«)« Wi = “1:"1(’? ~f- Cs
Capacitor -0 af ¢ Cs
A . - i . dei
‘\/\/V_ () = Ri(h iy = —y(1) ¥{f) = Rﬂg R L.
Resistor R dt R
ditr . ! 2yin)
-——m{j\-— wWi) = L—{—2 i = 1 { virudr v = d r/il)_ Ls L
Inductor dr Lla dr Ls
Note: The following set of symbaols and unils is used mroughcxut this book: W = ¥ (volis), i) = A {amps).
gty = Q (coulombs), C = F (farads). R = € {ohmsk ¢ = O (mhos), L = H (henries),
Table 2
Force- Force- impedance
Compeonent velocity displacement Zpyy{s} = F(s) X{s)
Spring
--:§‘~~~-r RYNS) hy
L ; o
: ; try = K | vimydr {ry = Kx(1 K
Voo e L Jo YT S0 = K
Viscous damper
O . ) } P )
Fuy = fodn) Fty = f dan) Jes
dt
M
R sAS
— fuy = W firy = Ms?
. ot
M e fi1

Note: Th(. folluwmg sel ol \ymhols anid umts is uxui Lhmughuul this book: firy = N

= N:m (newtons ‘meter),

fe = \4 -5 m (m:wlon semndx meter). M = k;. (kll{}ﬁﬁ\ﬂl\ = nev\wn«uondv ‘meter).



Static Error Constants

For a step input, u(t),
|
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For a ramp input, tu(z).
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For a parabolic input, 1r-u(r),
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Position constant. K ,, where
K, lmGiy

e )
Velocity constant, K. where

¥

= hmsGs
.
Acceleration constant, K,,. where

K, = lim s Gis)

yooa g



Table 3

Type O Type 1 Type 2
Static Static Static
Steady-state error error error
error formula constant Error constant Error canstant Error
1 Ky = ] ]
1+ K ,: Constant T:R,, Kp = = 0 Kp=w 0
1 N , K, = I
Kf K. =0 * Constant 'k“\- Ky == 0
~ Parabola,
T, o, 1 K =0 N P « K, = !
v 51 ult) 7&‘.- a= | T i Constant }}:




