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Please check that this examination paper consists of NINE (9) pages of printed
material including 3 appendices before you begin the examination.

Instructions : This paper consists of THREE (3) questions. Answer ALL questions.
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1. a.) The difference equation for an open loop discrete control system is given

by,
6y[k — 2} — Sylk — 1] + ylk] = 2x|k — 2] — 3x[k — 1] + x[k]
From the problem above and by stating your assumptions, solve the given

statement’s difference equation, ylk], using the z transform if the input is

as below. State the output in y[k] as inverse z-transform.

) x[k] = 3ulk]
(20 marks)

i) x[k] = r[k] 1o marke)
marks

b.) For the system shown in Figure 1, the sampling rate is 1 Hz. The digital

filter solves the difference equation given as below:

e(k) —e(k—1) =x(k) — 3x(k = 1)

The plant transfer function is given by:

G,(s) =
p(s) s+1
Digital Filter Piant

X(z)

E(S)_____/T o sy  DAC oG
8|
X(KT)
Figure 1
i} Find the system’s transfer function, %

(40 marks)

i)  Determine the system response, c(k) at the sampling interval for a unit
step input.
(30 marks)
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Figure 2 shows a block diagram for a temperature control system for a large test

chamber where D(z) is the digital controller, T is the sampling time, and

b)

2 . 3. —
Gp(S) = 1 Gd(S) = 1 Hk = 0.2
Disturbance
Rd(s)
Digital
Controller
/ > D(Z) > l-—-e_T’
* T
Sensor
Volts Hk
Figure 2

Let D(z) be a variable gain K, and R; be a unit step function. Using the
superposition theorem, find the complete expression of Y(z) in terms of

K,Tand R.
(50 marks)

If the control system in Figure 2 is fo command a 10°C step in the output,

find the structure and the unit of R(s) to achieve this objective.
(10 marks)
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c) Following the objective in (b), if K =1and T = 0.1 s, calculate Y(z) and plot

the system response y(nT). Assume R;(s) = 0 for this case.

(30 marks)
d) Verify your answer in (¢) using the final value theorem.
(10 marks)
C
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Given below are characteristic equations of discrete systems,
i) z®-—-1.25z2—-13752—025=0
i) 22-332z24+4z+08=0

By stating all assumptions made, determine whether each system (in i. and
ii.) is stable, marginally stable or unstable. Include all workings in your

solution.
(40 marks)

The Bode plot of a digital system is given in Figure 4. Analyze the system
and state the numerical value of the following:

i) Gain margin

i)  Phase margin

iify  Gain cross-over frequency

iv) Phase cross-over frequency
(40 marks)

Please state whether the system is stable or not. Suppose a Proportional
controller with a gain K is added to improve the transient performance of
the control system in question, what is the range of K that still guarantees

system stability.
(20 marks)
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Bode Dlagram
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Figure 4: Bode plot of a control system
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APPENDIX A
Course Outcomes (COs) — Programme Qutcomes (POs) Mapping
QUESTION CO PO
1
2 2 4
3
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APPENDIX B
2 transform of common functions
F(s) f(®) fEKT) il €3]
So(k)
L 1, k=0 1
0, k=0
60(“ el k)
5 1
) 1, n=k =%
0, n#k
1 . z
3. = 1(t) 1(k) —
s z-1
C\ 4 : e~ ¢kt z
4 ' (3 + a} - e—ﬂT
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APPENDIX C

(PYTHAGOREAN IDENTITIES | | PERIODICIDENTITIE

siné __t a1 sin?d +cos*@ =1 sin{@ + 2mn) = sin @
tan 8 _——COSG csca—sine smﬂ_“ce
cos@ secl = 1 cosd = 1 tan" & 1 1 m sec” @ cos(f + 2rn) — cosd
cotd =—— cos & secl . )
sing cotd = nne=L cot-8 +1=csc @ tan(9 + an) = tan 8
tan g cotd

csc(@ + 2rn) = cscB

| EVEN/ODDIDENTITIES | | DOUBLEANGLE IDENTITIES - | | HALF ANGLE IDENTITIES
sin(—8) = —sin 8 sin(28) = 25in8 cos 8 8 | 1 — cosd sec(@ + 2an) = secd
sinf = |=+ _
(‘\ cos{—8) = cosé €0s(26) = cos® 8 —sin’ 8 (2 ) v 2 cot(8 + mn) = cotd
/ﬂ
tan(—6) = —tan@ =2cos*8—1 ¢ 1 +cosd
cos (5 ) R
csc{—8) = —cscé =1-2sin"§
a—_—— 2
sec(—8) = secd tan(28) = -2tané@ e - 1—cosé b =a® +c¢%—2accosf
! )_l—tan"‘ﬁ tm(i)__\l‘i‘cosa ¢® =a® + b* — 2nbcosy
cot(—8) = —cotd

UM TO PRODUCT IDENTITIES - -

sinasinf =%[cos(a — B) — cos(a + £}] sina+sinff = 2:1;;(#) cos (-‘-I—Eﬁ)

cosacosf =%[cos(a—ﬁ)+cos(a+ﬁ)] sina — sin =2cos(a;3)sin (a;ﬁ) frikiin
| - tafj@-p)
Sinacosﬁ=—21~'{sin(a+ﬁ)+sin(a-—ﬁ)] cosa+cosﬁ=2cos(a:ﬁ)cos(a%8-) :+b=tan[é(a+ﬁ)}
cosasing = 3 [sina + B) —sin(a — )] cosa - cosp = ~2sin(22E) sin (22} b—c_tnf36-y)
C bre [ g 4]
a—c_mg(“—Y)]
a'“"—tan{é(a-!-y)]

cos(e £ f)=cosacosf Fsinasinf

tanag Etanf

(@ £ 8) = T tanatang
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