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Q1 (a) A ship ste€ring contlol system is !€prescrted by the block diagram in Figure

Ql(a). In the diagram, Cft is the ship's heading, Rfs, is the desir€d heading and

,,t(s/ is rhe rudder angte. Find the rransfer fun"tiorr, ** .
R(s)

(12 ma*s)

Let the btock diagratn of ship steering contot system to be simplified by the block
diagmrn in Figue Ql@) with conaoller gaio, ,( - 10.

Obtain the trarsfsr fimction relating the s€a wave and wind dishlbance
ar c\

to tbe ship's heading, *. Assume the desired heading, R/s) = 0.' - U(r)

(3 mark9

Find the sl€dy state value of the ship's heading due to a constant sea

wave and wind disturbance which can be approximated as the laplac€

t"nsform ofthe unit step, U(s) = : .

(10 marks)

The block diagram of thc welding robot alm control system in the aulomotive indusky is

given in Figure Q2.

'(r)(a) Obtain the transfer function. i-- 
'(l 

J )

(7 marks)

Determine the values of 1( and D when the damping ratio of the syslem is 0.5 and

the settling time (2% critedon) ofthe unit-step response is 0.2s.

(8 marks)

(c, Calculate

(D Rise time

o)

(i)

(iD

Q2

(b)

2

(2 marks)
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(ii) Pe€k time

(2 marks)

(iii) Maximumovershoot

(2 marks)

(d) D.aw the unit slep response on the graph paper. Show precisely the ris€ time, peak

time, maximum overshoot and settling time in the dmwing.

(4 marks)

ta,Q3

(b)

A self-pa*ing system is an autopilot tecbnology for an automobile that allows it
to pa* by itself. The basic components of such a system are a aamel4 servo-

motors for tuming the steering column and activating brakes, and a micro-

computer bas€d contlol system to p€rform the par*ing manoeuvres. Draw the

blocl diagrsm of the self-parking system; identiry the compon€nls' input and

output ofthe systetn.

(5 marks)

Figure Q3(b) shows a block diagram of an armature contolled dc motor.

The paramete$ ofthe motor arc:
- Aimature coil inductanc€, r: 0.4 H
- Armature coil r€sistance, R: 5O
- Torqu€ constant,.a<,: 0.5 N-m/A
- Rotor inerti4 J': 0.1 N'm-s"/rad
- viscous friction constant, 8.: 0.2N-m-Vrad
- Back e.m.f. constant,,(r: 0.3 V-Vrad

Obtain the trarsfer llmction of the motor 9"Q) 6 6" ,1-p1"rt numerical form.
v"(s)

Consider the load torque equals to z€ro.

(10 marks)

(c) A simplified representation ofa vehicle's ftont whe€l system consisting ofa tire
' ' 

of mass M and a shock absorber of damping coefficient B is shown in Figure

Q3(c). lK, reprEs€nts the elasticity ofthe tire, while,K/ represents the spring of the

shock absorber. It is assumed that the moment ofinenia ofthe car body is so large

that the My can b€ considered as a fixed supporl
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Draw the Aee body diagram ofthe system.

(3 marks)

Derive the diferential equation goveming the b€haviour of the system.

(3 marks)

(ii)

(iiD Obtain the tansfer tunctt.tt, ffi.
(4 msrks)

a4 (a) Describe the tbree conditions of stability and explain on how the system will fall
into thst condition using a pole placeBent example.

(6 marks)

The simplified form of a block diagram for a position servomechanism is shoum

in Figure Q4(b).

(D Find the cbaracteristic equation ofthe system.

(2 ma*s)

(iD D€velop the Routh-Huwitz table.

(14 marks)

(iii) D€termine the range of ( that results in stable system.

(l marks)

(20 nsrks)

o)

Qs Consider the simplified form of the transfer function for a position servomecbanism used

io an antenna tracking system as shown in Figure Q5. By using root locus technique:

(a) Sketch its root locus.

(b) Find the value of r< so that thc damping ratio, e = BA.

(5 marks)
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a6 Figuie Q6 shows a position control system with a lesd comp€nsato! attached to it.

(a) Without the comp€nsetor, the sysiem s€ttling time for +2% band is 0.5s 8nd the
percentago ofovershoot is 1.516%.

(D Obtain the closed loop poles of the original system atld calculate the

angles that this poles aontdbute to the system.

(6 rnarks)

(ii) Calculate K

(l marks)

O) With compensator, parameters of P", 2", ud /q need to be tunilg in order to

improve the settling time to 50ms while maintaining its F€vious overshoot By

using the value of ,( obtained fiom Q6(aXii):

(i) Obtain the desired polcs and aalaulate the sngle ofthe compeusator in the

desired poles.

(4 marks)

(iD Calcular€ P- Zand iK" by using bis€ct anglc metbod.

(l l ma*s)

(iiD Determine the values of resiston lr and ,Rz of the compeDsator if the

comp€nsator capacitor has a value of lpF and then sketch the full circuit

of the comp€nsator.

(3 mar*s)

. EI{D OF QUESTION -
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&ru!
Laolace Transform Table

TABLE 2
Laolac-e Transform Theorems

l(t) F6)
6(t) I
u(t) I

s

lu\t ) I
s-

{u(t) nl
.*|

e-"'u(t) t
s+a

sin atz(r) o)

s'+a-
aos aruu ) J

7;7

Nrme TheoreD
Frequency shift sV 'f tt)l= F$+a)
Time shift s[1fg -r1l= e o 

P1s'1

Differentiation ,la'f-ldt" _ s,r'a.\_srFr fr-rro- |"'\", /r' r \- '

lntegration sll r<"v"
F(s)

J

Initial value lgr,f(t) = linsr(s)

Final value fig,r() = timsrfu)
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TABLE 3
2E Order Prorot'?e System F4uations

c(")
R(") sx +2(aos + ao2

T7

r, = ft, <zN.;t";on) r, = ); ov" 
"at 

;ont

l0




