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(1) List any two unique features of open-loop control systems.

(11) State with reasons whether the control system used in each of the following
systems is closed or open loop.

I. Automatic bread toaster;
i Autopilot mechanism. (6 marks)
(b) With the aid of a labelled diagram, explain the operation of a control system that fills a
container with water after it is emptied through a tap at the bottom. The system must
automatically shut off the water flow when the container is filled. (8 marks)
(c) Draw block diagrams for each of the following equations:
; d?y2 dy:
(1)  Ys= 3 +ar g~ Yi
(i)  Yo=b[ Ysdt.
(6 mar
3 A positional control system uses syncros for error detection and viscous friction damping. The

syncro output is 0.8 per degree of error and the coefficient of viscous friction is 50 N-m per
rad/s. The motor torque constant referred to the load side is 80 x 10 N - m/mA and the total
inertia of the system is 0.9 kg-m?.

The system has a damping ratio of 0.7.

(a)
(b)
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Draw the block diagram of the system. (2 marks)
From the block diagram in 2(a) or otherwise determine the:

(1) differential equation;

(11) transconductance of the amplifier;

(i1)  undamped natural frequency; -

(iv)  steady state velocity error when the input shaft is rotated at a constant speed of
20 rev/min. (18 marks)

An open loop control system is described by the following transfer function:

GH(s)= 4
s(1+s)(1 +%)

For the function:

(1) draw the db - magnitude - versus phase on a Nichols chart, for values of
®w=01,02,05,10,15,20,3.0,and 40.



(11) determine the :

(I phase crossover frequency,

(I1) gain cross-over frequency;

(IIT)  phase margin;
(IV)  gain margin;
(V)  bandwidth.
(b) Figure 1 shows a block diagram of a control system

(1) reduce it to its canonical form;

(i1) determine the error ratio.

KIS+ 05)

. For the system:

(14 marks)

(6 marks)

| s2(s + 1)

Hi

BlG: 1

4. (a) A plant is controlled by digital inputs from four sensors A, B, C.and D.
It produces an output F, when:

1 H2

> ((5])

(1) the output of sensor A is present and output from sensor B is absent;

(ii)  the output of sensor B is present and either the output of sensors C or D
is present. Otherwise no output. Assume sensor output present = 1,

plant output present = 1, otherwise sensor absent = 0, and plant
output absent = 0.
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" For the plant:
(1) obtain the truth table of the digital controller;
(1) obtain a logic expression for the controller output;

(iii)  draw alogic circuit diagram for the controller.
(8 marks)

(b) Kamaﬁ has always used a driver motor IC to drive a four phase stepper motor.
However the driver IC has been burning out and he wishes to use a direct digital

controlled (DDC) motor drive, with output port at 21H and input port at port 22
The command port is at 20H with a control word of O1.
(1) draw a flow chart to implement the control for the system in 4(b).
(11) write a program segment for 4b(1). (12 marks)

5. (a)  State: B
(1) any two characteristics of an ideal operational amplifier (OPAM);

(i)  the need for simulation in analogue computing. (4 marks)

(b) With the aid of a circuit diagram, derive the output expression for a 3-input OPAMP
based summing integrator. (6 marks)

(c) Figure 2 shows a graphical representation of two functions. For each function

(1) derive a scaled equation;
(11) draw the flow diagram. (10 marks)
1
4
t

FIG.2
2201/304 _
2203/304 4

2204/304



(b)
i (a)
> (b)

(c)
8 (a)
2201/304
2203/304

2204/304

Draw a labelled diagram of a programmable logic controller (PLC) and state the

function of each block. (10 marks)

Khadija is a process engineer. She monitors the temperature, pressure, humidity and
acidity of a plant process. She manually regulates the variables to within bounds. With

the aid of a block diagram describe a computerised solution for the control of the plant. -
(10 marks)

With the aid of a labelled diagram describe the following as applied to a second order
control system.

(1) rise time;
(1) delay time;
(iii)  time to first overshoot;
(iv)  percentage overshoot.
(8 marks)

A second order positional control system has a damping ratio of 0.7 and an undamped
frequency of 6 rad/sec. Determine the output response when the system is subjected to
a unit ramp test signal. (8 marks)

An electrical system has a resistance of 0.2Q and inductance of SmH. If the initial
voltage on the inductance is 5V, determine the:

(1) time constant (T);
(i1) the voltage, two time constants later. (4 marks)
(1) Define compensation.

(ii)  Compare and contrast the effect of phase lead and phase lag network on the
system characteristics indicated in Table 1.

Table 1

Characteristics Phase lead Phase lag
Relative stability

Gain
Bandwidth

Rise time

(5 marks)
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- (b)

(c)
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A control system is described by the expression given by:

B 40
G(s)= 5+ 02s)(1+0.4s)

For the system, design a phase lag compensation for a phase margin of 15°, using
Bode plot method. (11 marks)

Determine the range of K for which the system with the characteristic equation
$3 + 6 82+ 16S + K = 0 remains stable. (4 marks)
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In the following formulas, F(s) = L[f(1)] so () = L7F(@)).

First Shift Formula

L[e"f(1)] = F(s ~ a) LTNF®] = e L7'F(s + a)]

Second Differentiation Fermula

n

LU = (-1 L gir) T_{d“i’(s)
as

ds"

J = (= 1yt"f(1)

Second Shift Formula

Llu()g(1)] = e™* Llg(t + a)] L7e™ ™ F(9)] = u,()ft — a)
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oP (o] opP OF op op

COOE | MNEMONIC | CODE | MNEMONIC CODE | MNEMONIC | COCE MMEMONIC | CODE | MNEMONIC | CODE MNEMONIC
00 |NOP 28 |[DCX H 56 MOV DM 81 ADD C AC xaa 1l n7 RST 2
01 LXx1 B,D16| 2C INR L 57 MoV DA . B2 ADD D AD XRA L 08 RC
02 (STAX B 20 |DCR L 58 MOV E.B 83 ADD E AE XRA M [s]:] -
03 INX B 2E [MVi L,D8 59 MOV EC 84 ADD H AF XAA A DA | JC Adr
04 R 8 2F  ICMA 5A | MOV ED B5 ADD L BO ORA B DB IN DR
05 |DCR B 30 |SM 58 MOV EE 86 ADD M B1 0RA C DC ce Adr
06 Myl  B,DB 31 LX! SPDI18 5C MOV EH 87 ADD A B2 ORA D DD -
07 aLC 32 [STA Adr 5D MOV EL 88 ADC B B3 ORA E DE 581 D8
08 |- a3 INX  SP 5E MOV E,M 89 ADC C B1 ORA DF RST 2
02 DAD B 34 INR M 5F MOV EA BA. ADC D B5 ORA L Ié!} nrPo
0A |LDAX B =35 |DCR M 60 MOV HB 88 ADC E B6 QRA M E1 pOP H
o8 |bcx B 36 [MVi MD8 | 61 | MOV HC 8c | ADC H B7 |ORA A E2 | PO Adr
oc MR C 37 |STC 52 MOV HD 8D ADC L 88 cCMP B E2 XTHL
op |pcR € 38 - 63 MOV H.E 8E | ADC M B9 E8F G E4 CPG  Adr
0E ImMVI CD8 | 33 |DAD SP 64 | MOV HH gF ADC A BA | CMP D g5 | PusH H
OF RRC 3A LDA Adr 65 MOV H.L 8G SUB. B EB cMP~ E EB ANI 08
10 | — B |DCX SP 66 MOV HM | 91 sug C BC cMP H ; E7 RST 4
1 Lxi DDt 3C |INR A 67 MOV VH,A 92 sus D 1510 cMP L EB RPE
12 STAX D | 3D DCR A 68 MOV LB 93 suB E DE CMmP M E9Q PCHL
12 INX D 3t |MVI ADSE 69 MDVl LCc 94 sug H BF cMP A EA | JPE Adir
14 INR D 3F cMC sA | MOV LD 95 sus L Co RNZ EB XCHG

15 UDCR D 40 |MOV BB 68 MOV LE 96 SUB M c1 POP B EC CPE  Adr
16 Mvi  D.D8 41 MOV BLC 6C MOV LH a7 sus A c2 JNZ Adr ED -
17 RAL 42 MOV B,D 8D MOV L,L 98 SBB B L2 JMP Adr EE ERI D8
18 - 43 MOV B.E B6E MOV LM | 98 sBB C C4a CNZ Adr EF RST” B
19 pAD D 44 MOV BH 6F MOV LA 9A SeB D €5 PUSH 8 FO RP
1A |LDAX © 45 MOV BL 70 MOV M,B 9B SBB E C6 ADI D3 F1 POP  PEW
B8 |DCX D 46 |MOV BM 74 MOV M.C 9c-} SBB H c? RST 0O F2 H Adr
1C IMR E 47 MOV BA 232 MOV M,D sD s L ca nz Fa i
1D |DRC E 48 MOV CB 73 MOV M.E 9k sBB M c9 RET  Adr Fa P Ak
1E |Mv1I ED8 43 |MOV CC 74 MOV M H gF | s8g A ca |2z FS PUSH PSW
1F RAR 454 MOV CD 75 MOV M,L : AD ANA B cB - FB 081 D8
20 RIM 48 MOV CE 76 HLT Al ANA C cc oF4 Adr F7 RST 6
21 LX1t H.D18 4C |MOV CH 77 MOV M,A AZ ANA D CO | CALL Adr FB AM
22 SHLD Adr 4D MOV C,L 78 | MOV. AB A3 ANA E CE ACI D3 F9 SPHL
23 INX H 4E 1MOV CM 79 MOV AC A4 ANA H CF RST 1 FAa §IMm Aclr
24 INR H AF MoV CA 7A MOV AD | AS ANA L 0o RNC FB E1l
25 DCR H 50 MOV DB 78 MOV AE AB ANA M D1 POP D EC M Ady
28 MV H.D8 51 MOV D.C iC MOV AH- AT ANA A D2 JNC Adr FD -
27 DAA 52 MOV DD 0 MOV AL AB XRA B D3 QuUT DB FE cri 08
28 —— 53 MOV DE 7E MOV AM A9 XRA C D4 CNC  Adr EF RST 7
29 |[pAD H 54 |MOV DH 7F | MOV AA AA | XRA D ps | PUSH D
2A LHLD Adr 55 MOV DL BO ADD B AB XRA E D6 SUl D8 |

D8 = cons:ant,_nr togica!/arithmetic expressic-r'.i that evaluates to an B-bit data guantity, D16 = censtant, or 1ogica||"aﬁthme!irA:Wc-‘:;F;r'!.;-s-gl: ;11

svaluates to a 18-bit data quantity. Adr = 16Dit address.
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