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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 ofa closed loop control system for a disk drive. (4 Marks) 

(c) Find the transfer function, VO(s)/Vi(s). for the circuit in figure l(c) (6 Marks) 
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Figure I (c) 

(d) Given the pole plot shown in figure l(d). fmd (, wn' Tp, %OS and Ts (5 Marks) 
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Figure 1 (d) 
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(e) Find the transfer function, T(s) = Y(s)jR(s), for the following system represented in 
state space. 

x = [. ~ o 
1 

~lx+[ ~lr 
-3 -2 -5 10 

y = [1 0 O]x 

Note: T(s) = C(sJ- Ar1B + D 
(6 Marks) 

Question 2 

(a) Based on the natural response defmition 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 ofthe non-inverting amplifier aSshown 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) 
I ,,!, IIl0 k n 

Figure 2(b) Figure 2 (c) 

(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) 

Figure 2 (d) 

3 



Question 3 

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

R(s) 5s + 10 C(s) 

Figure 3 (a) 

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

C(s) S3 + S2 +7s +1 
r(s) = -R-(s-) = -s4:-"+-3-s=-3-+-5-S=-2-+-6-s-+-4 

(i) 	 Phase-variable matrix form and draw the signal flow graph using the Phase-
variable form. (4 Marks) 

(ii) 	 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 

0 1 

x= [ 0 0 
1 -2 

Y = [1 0 OJx 


Find out how many poles are in the left half-plane, in the half-plane, and on the jw

axis. (9 Marks) 

Question 4 

(a) What information is contained in the specification Kp = 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) 
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R(s) + E(s) 200 C(s) 

s(s 3 + 6s2 + II s + 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> O. (6 Marks) 

C(s)K 

sts + 7)(s + 11) 
R(s) + E{s) 

.. 
Figure 4(c) 

(d) Using the Routh~Hurwitz criterion and the unity feedback system of figure I (c) with 
KG(s)- ---

S(s+1)(s+2)(s+5) 

RC\) + 

Figure I(c) 

(i) Find the range ofK for stability [3] 

(ii) Find the value ofK for marginally stability [3] 
(iii) Find the actual location 

marginally stable. [3] 
of the closed~loop poles when the system is 

(9 Marks) 

Question 5 

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

(7 Marks) 

T(s) = 1 

2s+100 

5 




(b) Find the expression of frequency response for the system with a transfer function of 
1 

the G (s) = --, and then evaluate the magnitude and phase angles of frequency
1+2s 

response at w = 0.5 Tad/sand represent the result in a the complex plane. 
(15 Marks) 

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

500(s + 2)(.1' + 4)($ + 5Hs + 6)(s + T) C(sl 

s2(.> + 8)(s + 1O)(s + 12) 

Figure 5 (c) 

to 
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Table 1 

Component Voltage-current Current-voltage Voltage-charge 

Impedance
lIs) 
V(s) I(s) 

Admlf.taftce 
Y(sl 
'(s).Vls) 

--H-
Capacitor 

l'U) "" 
. Ie' , i(t) "- 1(,)117

C,O 
c:Mr! 

til 
\'{Il "" 

1 
-:;'Illl 
t C,< 

Cs 

-AJv"v-
Resistor 

~-
Il1ductor 

\'(1) == Ri(l) 

diU)
r(l) = L-

d1 

'(I f) = . 

itt) = 

1-1'(1)R 

Ie- 1'(T)lir
1. . tI 

I{f) Rdr(!.) 
dt 

d 21/1T)
V(/) .~, L--

til" 

R 

Lv 

I-
R 

Ls 

G 

Note: The following SCI (If symbd, und units is used throughout this book: 11(1) V (volrs), i(!) = A (amp,), 
q(r) = Q (coulombs), C = F (farads\. R '" !l (ohmsl. (i '" U (mhn&). L H (hcnrit:$I, 

Table 2 

--_._-_._--- • 
Farce Force Impedance 

Component velocity displacement ZM(S) = F(s), X(s) 

Spling 

I 

fit} ... K I ,IT}.!, IIJ) KxU) K 
.in 

Vi;;cou!'> damr,~r 

-~,- ...r~ ..:~·,"'''" : , fu) 
~. ; ! : 

....... ._
.. ' ,. 

... , ".0
M.' 

'>~ .'if} ,p. xU)
M M 

dt 

Nntc: The following set or symbols alHl unit>; is llsed throughout thi<; book: fV) "" N 
{newtons), XU) 111 (meter!S),I'(I)"',' 11)' s (rnt~ters s,~cond), K = N rn (newtons, meter). 
,r., = N-sm (newton-second:; meter).!VI kg Ikilngrml1s = newton-seconds" meter), 
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Static Error Constants 

For a step input, u(t), 

For a ramp input, tu(t), 

lim 

For a parabolic input~ tt2u(t). 

) 

Position ('onstant~ Kp ' \vhere 
Ihn Gfs) 
". fl 

Vel()ci~v constaJ1t~ KF~ where 

1\" Ii rn sf;( \'1 
, 0 

Acceleration constant, K{1~ where 

Ku fifTI s2(/ 
,-,. ,"" () 
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Table 3 

Type 0 Type 1 Type 2 
--.--

Static Static Static 
Steady-state error error error 

InpUt error formula constant Error constant Emlr constant Error 

Step, 1 Kp = 
K" "'" x 0 KI';'; ::r. 011(0 1 + Kp Constant 1+ Kp 

I 
K,. 

KI" = 
K,. = x ()- 0 oc 

ConstantK,. K, 

Kil = 0 Ki( "°·0 
K" ',," 

oc u: 
ConstaUlKu K'1 
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