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Q2

(a)

(®)

()

(d)

(a)

(b)

Define the following terms:

(1) Control system
(1) Open loop system
(4 marks)

Explain briefly the comparison between non-feedback and feedback system.
(4 marks)

Determine the transfer function C(s)/R(s) of the block diagram shown in FIGURE
Q1(c) using block diagram reduction method.

(6 marks)
Apply Mason’s Rule to calculate the transfer function of the system represented by
signal flow graph in FIGURE Q1(d). Given:

Y(s) _ X Py
R(s) A

(6 marks)

FIGURE Q2(a) shows the translation mechanical system. Force, f is an input; x;and
X, are the output displacements.

(1) Draw the free body diagram of the system
(2 marks)

(i)  Derive the equation of motion using Newton’s Law of Motion
(4 marks)

(i)  Interpret the equation in (ii) into the s-domain using the Laplace transform
assuming zero initial condition.
(2 marks)

(iv)  Determine the transfer function model, F (s)/X(s) of the system.
(6 marks)

Given the following differential equation, solve for y(t) if initial condition for
¥(0) = 10. Use the Laplace transform.

dy

It +2y =12 where y(0) =10

(6 marks)
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Q3

Q4

(a)

(b)

(a)

(b)

Give a brief explanation on the purpose of constructing a root locus.
(4 marks)

The open loop transfer function of a humanoid’s arm control system is given as:

K

&)= s(s?2+2s+2)

(1) Clearly locate all poles and zeros on a linear graph paper. Provide calculations
for the following: asymptote angles, centroid for asymptotes, and departure

angle from complex pole.
(6 marks)

(1) Plot the complete root locus, with the locus on the real axis is clearly shown.

(5 marks)

(i) Then determine the operational point, S,, (poles) for damping ratio, { = 0.5.
Also determine natural frequencies (w,, and w,) and gain K at this operational
point.

(5 marks)

[Instruction: Use the scale of 4 em : 1 unit for both axes and choose the longer side
of the graph paper as the real exis]

Ilustrate the general phase and gain stability margins in Nyquist Plot.
(4 marks)

An open-loop transfer function for the system of an electric shredding machine is
given as follows:

B 10K
~ s(1+0.15)(1 + 0.025)

G(s)

(1) Construct the Bode diagram on the semi log graph paper for the system if
K=1
(10 marks)

(1) Evaluate phase margin, gain margin, frequency of phase margin and frequency
of gain margin from your Bode diagram.

(3 marks)

(1) Evaluate the range of K for stability form your Bode diagrams.
(3 marks)
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Q5

(@)

(b)

(©

(d)

=
&

Describe the following terms:

(1) Transducer
(1) Sensor
(2 marks)

Given expected voltage value across a resistor is 80V. The measurement is 79V.
Calculate.

(1) the absolute error
(1)  the percentage (%) of error
(1)) the relative accuracy
(1v)  the percentage (%) of accuracy
(4 marks)

A Standard is a known accurate measure of physical quantity which determine the
values by comparison method.

(1) List FOUR (4) categories of Standard
(1) Briefly explain your answer in (i)

(8 marks)
Explain the differences between sensitivity, precision and accuracy in an

instrumentation.
(6 marks)
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Ris) , o Cis)
= Gy(s) Gals) = (G0 i
Hils) =
Hals) |= %
Hyls) =
FIGURE Ql1(c¢)
1
L anaene o
R{s}

FIGURE Q1(d)
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— k, - k, —
| TYVYWA— my [ AAA—] 0w,

n_._“_____!]___j
b,

FIGURE Q2(a)

K Nm = x

I | }k"g;{' = f(0)

D N-s/m

FIGURE Q3(a)
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REFERENCES:
Table 1: Laplace Transform Pairs
Y Gl R Py
1. Unit impu‘zse &( r} 1
2. | Unitstep 1(5) /s
301 _ i 1/s°
4. z""z ) |
(n—123,..) T
{n—-1} » 8
5. _{”(:;fg = }’233_\ . i al
S::-rl
6. e--a: ‘M"L
' §+
7. fe ¥ i
{s+a)
8. 1 - , 1
e (n=1223....)
{(n—11 ’ (s+a)
9. 1 e (n=123,..) A
(s+a)™
100 sinet @
3* + @’
11. | cosat g
{12! sinhax @
; = '
13. | coshax s TERBUKA
s -
14
L] (’. - ) L
a s{s+ a)
150 1 /.
L (o) _ A
b—a (s+b)(s+a)
16. | : 3
1 . (b8—~b! . ae—;:t‘) -——.——-‘_S/_._.—_.
=g (s+b)s+a)
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REFERENCES:
Remno. Theorem Name
Lo S0l = R = [ e a Definition
2. FIH] = kF(s) Linearity theorem
3. ZLA® + 0] = Fi() + Fafs) Linearity theorem
4, Zle™ (0] = fs+a) Frequency shift theorem
A, 21— 1 = g7 =) Time shift theorem
6 2 flan)] - %’(‘E) Sealing theorsm
[df . -
7. b4 }Tr} = sF{s}~ f{0~) Differentiation theorem
2 ffz f .
8. L4 d?] = 5*F(s) - 5f{0~) = fl0~)  Differentiation theorem
9, # %ﬂ = s"F(9)~ > s"*1(0~)  Differentiation theorem
L ksl
[t
10. P L £ d'r] - @ Integration: e
11. fi=) = }iu‘}) sF(5) Final value theorem!
12, (TS = }E sF(s) Initial value theorem?
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REFERENCES:
Time Response Table 2: Test waveforms used in control systems
e} , B
Cls)= 2w s aart Name Time function | Laplace transform
T Step ulr) 1 _
3 7 ‘ =
T, = % e ¢
! o 1= @y . p 5
"y - Ramp nelt ) 1
5‘:‘
%0OS =100e -+ Parabola b 1
- ~In{%0S 100) Py el
&+ In* (%05 100) bmpulse 3t) *
- 4 4 Sinuseid sin msf ;} o
e, @, Sy
7 1.321 Cosine (ﬁQSﬁ}i’t{(f} s
e, s>+ @
Root Locus .
Diferentiation {guotient rule)
5 - _ 1T pole lenzths Hau=, (@zmm« g{ Ythen

f(r{a}H(s) TT zero lengths
Z fimite poles — ? finite zeros

#finite poles - #finite zeros

@k 1)z

#hmte poles - #finite fﬁrﬂs :
KG{s)H ()= -1=12(2k +1}i80°

G =

# nlﬁmie zer0 angles - Zf‘ﬁme pole *?(3“ }= frm;»( ) —

Hdu'ds)-uldvidy) _ ele) (&)~ 7()g' ()

zi{u}

::i’s:sv

'}}

Steady-state Eror

)= ffm s

e{x:) £ mwbma{ }" T
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