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Question 1

If the position control system has experienced a disturbance D(s), and a gain K has

been inserted into the system as shown in Figure Q1, determine the:

D(s)

:qut S K | 65+20 ) 1 Output
&)+ . Y| (7 +35+10) X(s)

L

Figure Q1: Mechatronic system with distarbance

a) whole system’s output X(s) function [8 marks]
b) Range of values of K for the system which will result in stability, using Routh-
Hurwitz stability criterion. [10 marks]
c) Steady-state error if the disturbance D(s) = 0, R(s) is a unit ramp input, and K
=2. [7 marks]
Total 25 marks

Please turn the page...
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Question 2

Figure Q2 shows a mechatronic control system, which requires high accuracy for

position and velocity response. If the mechatronic system has a transfer function of:

1
(2s+6)(s+5)

and a PID controller is used in the system.

Gp(s) =

PID controller Mechatronic system Y(s)

Gc(s) Gy(S)

A 4
\ 4

_|_
X(s) —» Z} >

Figure Q2: A Mechatronic Control System

The design criteria for this system include Settling time < 0.8 sec, Overshoot < 5% and
Steady state error = 0.5 (for a unit ramp input = 1/s2). Using these information,

a) Design a PID controller to determinejthe parameters Kp, Ki, and K4 and clearly

identify the design procedure: [19 Marks]

b) Explain the effectston.a control system of including Proportional controller (P),

Proportional +dntegral (PIl) controller, Proportional + Derivative (PD) controller,

and PID contreller. [6 marks]

Total 25 marks

Please turn the page...
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Question 3
a) If a controller has a 16 bit Analogue to Digital Converter with the signal‘range
between -32 Volts to +32 Volts:
(i) What is the resolution of the AD converter? [4 marks]

(i) What integer number represented a value of 12 Volts? [4 marks]

(b) A controller consists of a Digital to Analogue Converter (DAC) with zero order
element that is connected in series with the processing centre. The transfer

function of the processing centre is represented-as:
oo 10
P " 54 10
and the full DAC system is as shown in Figure Q3(b).

%
E(s) | — TS 6. (5) = 10 B(s)
B ey ()= 570

l

Figure Q3(b) Digital Feedback Control System

(i) Find the sampled-data transfer function G(z) for the DAC control system.

Assume that the sampling time, T, is 0.05 seconds. [10 marks]
(i) Determine the z-transfer of the closed-loop system T(z) [2 marks]
(ii}-Determine whether the system is stable or not. [5 marks]

Total 25 marks

Please turn the page...
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Question 4

a) Z-transform and Laplace transform are useful tools in signal processing.

Considering an digital and analogue system,
i) Describe the difference between Z-transform and Laplace transform. [2 marks]
ii) Using suitable illustrative examples, explain the relationships between, z-plane

and s-plane. [6 marks]

b) If the transfer function of the mechatronic system is given by

s+ 2
H(s)  52—-55+46
i) Determine the poles and zeros of the system. [3 marks]

ii) A robot control system can be representedby the block diagram shown in Figure
Q4(a). Using block diagram reduction techniques, find the 6, for this control
system if a unit step input is applied. [14 marks]

0i(s) Gl(s) G2(s) G3(5) @ 04(5)

|+ L - I
HI(s) G4(s)

H2(s)

Figure Q4 (a) A robot control system, where 6i(s) is the input and 6(s) is the output.

Total 25 marks

Please turn the page...
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Question 5

NASA has designed a mechatronic communication satellite to communicate with"a
Mars Exploration Rover which will be used to collect data from the Rover on its mission
in space. The transfer function of the Rover system is expressed as

H(s) = s24+0.7s+1°

After the Mar Exploration Rover was launched into the Mars planetary space, a step
input signal was sent to assess that the Rover landed successfully and it is able to
communicate reliable data. The unit step input response,received was transmitted to

the Earth’s ground station as shown in Figure Q5.
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Figure Q5: Unit step input response of the system
Question 5 continues on the next page...
Please turn the page...
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...Question 5 continued from the previous page.

Q5 cont...

Based on the information provided above and using the unit step response.as shown

in Figure Q5, determine the:

(i) 100% rise time tr, [3 marks]
(i) percentage maximum overshoot, [3 marks]
(i)  Peak time tp of the output. [3 marks]
(iv) 2% settling time ts, [3 marks]
(v) damping factor ¢, [3 marks]
(vi)  system’s natural angular frequency;.on, [5 marks]
(vii) Damped angular frequency.®a: [5 marks]

Total 25 marks

Please turn the page...
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Question 6
(a) A RLC circuit is shown in Figure Q6(a), where C is the Capacitance, L is the

Inductance, R is Resistance, l1(t) is the total current and V(t) is the source voltage.

Figure Q6(a): RLC electrical circuit

(i) Develop a differential equation for the. RLC electrical circuit shown in Figure
Q6(a). [8 marks]
(ii) Determine the Laplace transforms of the differential equations obtained from (i)
above. Assume,that the system is subjected to a unit step input, the initial
conditions of'the)system are zeros (i.e. at time = 0, x, x’, x” are all zeros) and

the capacitor isinitially discharged as the following expression. [2 marks]

(iii),Determine the transfer function G(s) = V¢(s)/V(s), ifR=0.4 Q,C=0.5Fand L
=383.33"x 102 H. [2 marks]

Question 6 continues the next page...

Please turn the page...
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....Question 6 continued from the previous page.

(b) A suspension system for a mobility-scooter is shown in Figure 6(b), where f(t) is
the input force, y1(t) and y2(t) represents the output displacements, k1, k2 and k3

are the spring stiffness constants, C is the viscous damping coefficient.

fml

Mas-s m L{t]l
1T k2
k1l
y2(t)
o= l
Ty P

Figure Q6(b) A suspension system of a mobility-scooter

(i) Develop the differential.equations for the suspension system. [3 marks]
(i) Determine the Laplace transforms of the differential equations obtained from
Q6(b)(i). Assume that the system is subjected to a unit step input, y(0)=0 and
y'(0)=0: [6 marks]

(iii) ‘Determine the transfer function G(s) = Y1(s)/F(s), if m=1kg, k1=2k2 N/m,
k2 =1 N/m, k3=0.5N/m, C=1 Ns/mand F=1N. [4 marks]
Total 25 marks

END OF QUESTIONS
Formula Sheets follow over the page

Please turn the page...
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FORMULA SHEET

F1. The Laplace and Z-Transform Table

Laplace Transform

Time Function

z-Transf

1

Unit impulse 8(r)

Ly | =

Unit step u,(1)

Z

-}

8:(f) = > 8(t — nT)

n=0

Z
z—1

t

y Tz

52 (Z _ 1)2
L Tz + 1)
s’ 2(z = 1)°

TZE_ET

(1—e")
(z— Dz —e*)

sin wf

z sin wTl’
= 2zcoswl + 1

e ' sin wt

ze “Tsin wT

al al

7 — 2z¢ T coswT + e >

COS wf

z(z — cos wT)
22— 2zcos wT + 1

5+ o

(s + a) + o

e “ cos wr

72 — ze “Tcos wT

al al

7 = 2z T cos wl + e 2

Please turn the page...
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F2. Laplace Transforms od Specific Functions

A unit impulse function 1
A unit step function

A unit ramp function

hN"_‘{’Jl’_‘

F3. Steady-state error (Unity feedback) for different inputs

e (oo) =limsE(s)=lims R(s)
8 50 50 ]+ G(S)

m ! = !
=0 1% G(s) b+ ling G(s)

For Unit step| €;s (OO) = Ctep (OO
mnput:

: 1 1
For Ramp ess (OO) = erampss (OO) = 1_1;1;)1 (1 G ) = 1 G
input: s+ G(s) LS (s)

1 1

For Parabola Css (oo) = Cparag (OO) - lsl—r>r()1 s’ (1 + G(S)) ) lims*G(s)
input: 520

F4. Blocks with feedback loop

G(s) = _Gols) (for a negative feedback)
I+ Go(s)H(s)
G(s) = Go(s) (for a positive feedback)

1-Go(s)H(s)

Please turn the page...
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F5. Steady-State Errors

e, = l‘ing[s(l -G, (5))0.(s)] (for an open-loop system)

58
s—0

e. = lim[sﬁei (s)] (for the closed-loop system with a unity feedback)
+G (s

o

1

e, = lslir()l[sl_F G 6.(s)] (if the feedback H(s) # 1)
1+ G, (s)[H(s)—1]
. G, (s) . , : .
e, =lim[—s -0, ](if the system subjects.to.a disturbance input)

=0 1+G,(G,(s5)+1)

Please turn the page...
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F6. Block Diagram Algebra

Rule Original Diagram Equivalent Diagram
1. Moving a Y e
summing X 4. +L Z_
point beyond | ~ "@ L9 U G >

a block X;;‘Tr - - +\-+ %
) 4

2. Moving a
summing
point in front a
block

3. Moving a| v Va(s) v Va(s)
takeoff point L(-)- Hy(s) - 16) > Hi(s) >
to front of a
block Vz(s)
p Hi(s) »
V3(s)
4. Moving a| v, (s Vo(s) Vi(s) Va(s)
takeoff point 1) | Hi(s) — — Hi(®)
to beyond a
block 1 _::'3(5)
% Hy(s)
3(52_

Please turn the page...
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F7. First order Systems

G(S) = 0—0 = —G” (S)
0. 7s +1

4

r[ d9, ] +60, =G0,
dt

6, =G, (1-e™"7)(for a unit step input)

0,(t)=G [t—t(1-e" )]  (for a unit ramp inpt)

1 —(t/t
‘90(1)=Gs5(;)e “o (for an impulse input)

F8. First order System (non-zero initial condition)
Ho(total) (t) = Ho(ﬁnal) + eo(initia[) (t)

Where go(initial) (t) = 00 (0)[6_(”1) ]

Please turn the page...
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F9. Second order Systems

2
d 6” +2¢w, 49, —+ w0 =b,w0,
dt dt
oy Bl oy
+2§a) s+

Percentage Overshoot (P.O) = exp (#) x100%

VA-¢7)

4
For 2% settling time: ts= —

gmil
N 3
For 5% settling time: ts= —
co,
©d = w,41-¢
(22
1-¢

Subsidence ratio: = e

END OF PAPER





