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Question ONE

(a) State the advantages and disadvantages of feedback and feed forward controllers (4 marks)

(b) Explain why derivative mode of control is not recommended for a noisy process (2 marks)

() A PI controller has 20% proportional band and integral time of 10 seconds. for a constant error of 5%., determine the
controller output after 10 seconds if the controller offset is 25%. (2 marks)

(d) Draw and explain process control loops for Supervisory and Direct digital control (DDC) (4 marks)

(e) Explain with sketches the following types of singular nodes (6 marks)

®
(2
(h)
()

1) Stable node
ii) Saddle point
iii) Stable focus.

Explain what is meant by limit cycles and Finite escape time in nonlinear systems (4 marks)
Explain Sampling theorem (2 marks)
Explain bilinear transformation (2 marks)

The discrete time system is to have the identical time response to the continuous system. State the
desired closed loop poles and characteristic equations in

1) thesplane and

i1) the zplane

Question TWO

(a)
(b)

(©)

(4 marks)
Distinguish between linear and nonlinear systems (2 marks)
State any two advantages and two disadvantages of phase plane analysis (4 marks)

Figure Q2 (c) whose governing differential equation is given as: X+x =05 a mass attached to a spring.
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(d)

Figure Q2 (¢)

Assume that the mass is initially at rest, at length Yo Obtain the equations of the trajectories and hence construct
the phase portrait. (6 marks)
The characteristics of a hardening spring are given by:

[lx)=xs

Given the input X= ASin (ot)

obtain the describing function of the spring (8 marks)

Question THREE

(a) State the effects of the following control actions on system performance.
i) Integral action and
i1) Derivative action
(4 marks)
(b) A unity feedback control system has a proportional controller of gainKP and a forward transfer function:
Gls)=—
s°+2s
A derivative controller of gain constant Kq is introduced into the closed loop system. Show that the damping factor
increases but the natural frequency of the system remains unchanged
(7 marks)
(©) Briefly describe the open loop reaction method of controller tuning (5 marks)
(a) In an application of the Zeigler-Nichol’s method of controller tuning, a process begins oscillations with a 30%
proportional band in an 11.5 min period. Find the nominal three-term controller settings given the following data:
KP: 0.6 KC ’ Ti = TC/2 ’ Td: TC/8 ; The notations have the usual meanings. (4 marks)
Question FOUR
(a) Describe the Sample & Hold operation (4 marks)
(b) Find the z-transform of a unit ramp signal (4 marks)
(c) Define the initial and final value of the system’s impulse when
27°
Y(z)= ol [B[>1
(z-1)(z~a)(z—p) (4 marks)
(d) Implement digital PID controller algorithm using the position and the velocity versions. (8 marks)
Question FIVE
(a) Determine the z- transforms for the following continuous functions:
i) step function fl(t):u(t)
ii) ramp input f2 ( t ) =at
(6 marks)
1
G(s)=r—r—>1
(b) For the transfer function (S +1 ) ( s+2 ) obtain the pulse transfer function G ( Z) (10 marks)
(a) Sketch a block diagram of a discrete - time system with the state space representation as shown
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(4 marks)
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Table of Laplace and Z-transforms

X(s) x(2) X(kT) or x(k) X(2)
Kronecker delta &(k)
1. - — 1 k=10 1
0 k=0
Giln-k)
2. = - 1 n=k 7+
0 n+k
1 1
3. - 10 1(k) =
K} -z
1 1
4. ol o-akT
s+a ¢ € l—g T z!
1 ="
5. S t kT (} =f )1
2 S s Tz (l+z”]
6. ‘j = (kT) ﬁ
6 Tz~ (I+4z" +27)
7. T i k1) (l o )4
a o 1_ )7:17' _,7'\
8. —_— 1—e™ — (_. - ]—r =
.\'{s+a) l—z7 J1-e™ z
9. b-a o g ST _ BT ((::T _‘!L’_” ]-:l =
(S+qu+b) l—e™z7" l—e™z
1 Te -z
10. sy e kTt m
s+a —e™z7 |
s St kT 1-(1+aT)e~"2""
1. Gy (1—ane (1 — akTye e~}
2 < 1 ; TIC—UT I+()—:ﬂ:—l |_ -1
s+a —e™z7
a’ ) P KaT—I+e"’T ]+(E—e"”' —aTe™ )z'1 ]z'1
13. 3 at—1+¢* akT—1+¢™ P o o
3 (s+u) (l—: )(l—e z ]
@ ' sinwl
14. = = sin ax sin wkT &
st 4w’ 1-2z"" cosewTl +z7°
§ -z cos@wT
15. 3 J:(Jz COS X cos ek ﬁ
sT+a —2z" coswl +z°
@ —al _ -1 5 : T
16. R —— e sin e“'sin kT _‘ﬂ.e _lz Sno P
(.s'+a) +@ 1-2e™ z7 coswl +e™ ™" 27
sta 1-e™ 2™ cos Tl
17. e e cos ar e cos whT — eﬁ co';coJ —
(s+a) +e? 1-2¢™"z"' coswl +e ™z
1
18. - - a* -
l—az
k-1 =
19. - - .. .
k=1,2,3 l—az"
=l
k-1 O B
20. - = ka =y
' l+az™
21. _ _ P g
(I—(.':” ]3
z ' l+4daz™' +a’z7
22. - - Ko ( ( ¥ )
l=—az”
z 1+ 1laz™" +11a’z7 +a’z>
23, = = Kd ( (e} )
—az”
1
24. - - a" cos kx I+ az"
az
X1 =0 fort<0

x(kT)=x(k)=0 fork<0
Unless otherwise noted, k=0, 1,2, 3, ...
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