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QUESTION 1

PSDE5011 Main Paper

(a) A resistance temperature detector (RTD) has a first order response to a step change in its
ambient temperature. The following information is given about the probe and the liquid into
which it is placed.

0.(t) = temperature of the liquid at time t (°C)
Or(t) = temperature of the RTD at time t (°C)

M = mass of the RTD (in Kg)

Cp = specific heat capacity of the RTD (J/Kg °C)
U = overall heat transfer coefficient (W/m?/ °C)
A = surface area of the probe (m?)

Given the following differential equation for the transfer of heat to the probe:

(ii)

UA ( O.(t) - Br(t) ) =M Cp dOg(t)
dt

Use the Laplace transform method to find the transfer function of the probe H(s).

[8 marks]
Use inverse Laplace transform to find the time dependent equation for the probe
temperature for a step response when, having been kept in ice, the probe is
plunged into a liquid at a temperature 6, at time t = 0.

[7 marks]
(iii) Sketch and describe the shape of the dynamic response curve of the probe
temperature Og(t).
[4 marks]
(iv) A particular RTD has: M =0.1Kg, Cp=3250J/Kg°C, U=783.13 W/m?/°C,
A =0.05m?and 0, = 75 °C, calculate the temperature of the RTD at t = 25 seconds.
[3 marks]
(b) Figure Q1 shows a block diagram of a heating system that uses the above RTD in its
feedback loop.
(i) Find the overall transfer function of the system and show the system is overdamped.
[8 marks]
(ii) Using the final value theorem, determine the steady output temperature for a step
input of 75.
[4 marks]
R(s) 1 Y(s)
4V (120s+1) [ "
H(s) «—
Figure Q1
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QUESTION 2

PSDE5011 Main Paper

(a) Figure Q2.1 shows a control system involving a motor with both position and velocity
feedback. Determine the damping factor with and without the velocity feedback. Hence
explain the effects of velocity feedback on the output of the system in response to a unit
step input.

R(s)

[18 marks]

9 Y(s)
s(s+4) >

w| «

Figure Q2.1

(b) Using a simple sketch, explain how the relative stability of a control system can be
determined from magnitude and phase Bode plots using GAIN MARGIN and PHASE MARGIN.

[11 marks]

(c) Using the method explained in part (b), determine the stability of the system from its Bode
plot shown in figure Q2.2.

Page 3 of 7

Magnitude (dB)

Phase {deg)

(%]

(=1

[=1

i
[y}
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[5 marks]
Bode Diagram

System: sys
Frequency (rad/s): 2.71
Magnitude (dB): -0.0

System: sys
Frequency (rad/s): 3.49
Magnitude (dB): -4.23 s

System: sys
Frequency (rad/s): 2.71
Phase (deg): -168

‘m |Phase (deg): -180

System: sys
Frequency (rad/s): 3.49

-,
s
.,

~
%

10 102 10

Frequency (rad/s)
Figure Q2.2
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QUESTION 3

The block diagram of a proposed control system is shown in figure Q3.1,

PSDE5011 Main Paper

(a) From the root locus diagram shown in figure Q3.2, determine (i) the open-loop transfer

function G(s), (ii) the natural frequency and (iii) damping factor.

[12 marks]

(b) Determine the closed-loop transfer function in terms of K; and the value of K; for critical

damping.

[8 marks]

(c) For Ki=3.92, calculate (i) the oscillation frequency, (ii) pole locations and (iii) percentage overshoot

to a step input.

R(5)

—>

Imaginary Axis {seconds’1)

a3

|
(9]

[12 marks]
(d) Explain why this system should be stable for all values of K;.
[2 marks]
G(s) Y(s)
— >
Figure Q3.1
K, P
Root Locus
I :
\
'\_\\
~—y
10 -8 B 2 0 2
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Figure Q3.2
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QUESTION 4

(a)

(b)

Define the following terms for a transducer using the data from table Q4 as an example:

(i) FSD

(ii) Static sensitivity
(iii) Non-linearity error
(iv) Hysteresis error

[11 marks]

Table Q4 (on the next page) shows data for the calibration check of a pressure transducer with
readings taken in Bar and Volts. Using the table and graph paper on the next page, fill in the empty
columns and plot the calibration curve for rising and falling pressures. Determine the maximum non-
linearity error and the maximum hysteresis error as percentages of the FSD, and identify them on
the graph. Don’t forget to detach the table and the graph, and insert into your answer booklet.

[23 marks]

Total for this question is 34 marks
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Table Q4
Measured Output voltage (Volts) Linear Non-linearity error Hysteresis
Pressure Value (Volts) Error
(Bar) rising falling (Volts) rising falling (Volts)
0 0 0
0.5 0.96 1.03
1.0 1.89 2.12
1.5 2.81 3.17
2.0 3.77 4.28
2.5 4.68 5.33
3.0 5.61 6.25
35 6.73 7.16
4.0 7.88 8.10
4.5 8.94 9.05
5.0 10.0 10.0

Graph for calibration results for QUESTION 4.

Output (Volts)

Pressure (Bar)

THIS PAGE MUST BE DETACHED FROM THE QUESTION PAPER AND INSERTED
INTO YOUR ANSWER BOOKLET IT YOU ATTEMPT QUESTION 4.
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LAPLACE TRANSFORM SHEET

PSDE5011 Main Paper

Time function y(?) Laplace Transform Y(s)
1 1
S
K k
kt —
S
eat 1
S—a
e-at 1
s+a
-at a
L-e s(s +a)
dy(t)
sY(s) —y(0
It (s) —y(0)
d?y(t) 5 dy(0)
pre) s°Y(s) —sy(0) - it
. w
sm(a)t) SZ+—0_)2
S
COS(a)t) S2+—a)2

Final Value Theorem

y(e0) = lim{y(0)} = lim{s Y(s)}
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PSDE5011 Resit Solutions

QUESTION 1
Q1(a) (i) From uA (B EB-8(8)) = M dB)
d4
UABO- A B(t) = MCp dB(t)
u B,(8) = MCp 48 + U4 Bi(¢) [2 marks]

db

ASSumc-‘:ﬁ ikl ondhitens 9-'{(0) = 0 ok t=o0
o the Pu:i(we. Ko

’rt;bku@ Loplace Toansfong wotte tnihal cond v

§ 2
UA 9’,_(5) = MCP s g'R(s) + UA 9-_0\(3) [2 marks]
uA 8.9 = 9@(9) [ MCp S Uk ] [1 mark]

::' boll sides E’j un

8,_(5) = SR(S)[ M_C_PS + ] [1 mark]
UA
Let t= &“CP [1 mark]
UA

8,(s> = SQCS)[ Ts o+

- .

8. () - 8,(s) [1 mark]
Ts +1
Q1 (a) (ii) T{ +he Pmbg Lsas Pluva.secl :vr\'b a med tuna r4_ ‘J'Qu.\.?e.{'ﬁ:"‘wm @L
ol 4ime t=o Al would be a 5461:' ?npu’f F ﬁl [1 mark]
S
Q‘Q(S‘) = I * @‘L

('&s + f) S

- 8'1_ [1 mark]
s(Ts + 1 )

f]’a.lC[v‘\j muc.:rr.e Lé—f{dr-{ "{‘mv\s-&rus‘

=1

O, (¢) I-{S(?:H)} - CGLI {3(;51_{)8

[1 mark]

I
I
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. —at
/ﬁ'n.‘.s s Simnlal "f'b I { Q Il_ <
s(s+a)

PLL,{'{—.»-j B .ecvu.a’rw;.‘ '.n.H £l stz e~ —Cm'y._..

{1

I = Ve o p el bothons
5('2;5-!-() S('ts,'__‘)/_c o[Nao{ufﬁj't
- Ve
sGs+ ')

e Can e See M;'F'/T;‘ :Q’MCM'H\JL
Sa e —J—mmsﬁn\.\..

- -l
By t) = 9"I -{ S_('_:E:_%)} - o (I —e )

Ql(a) (HI) ﬂ»:s l‘_‘s G -chlf')ane_n”}'l;./{ rf.“;@' !.-.'HH\. a _[_IM C.er\.sf-ﬁ-m-f ‘f fc
r&au&[n.mj a -p‘mi value a{. 9‘(_ as €_1<Pec;|—e@(-

()
4 The time constant in seconds is
rt =1 M C P
(A
S -

:
]
i
i
i = €

o T

Q1 (a) (iv)
t=0.1x3250/(783.13 x0.05) = 8.3 seconds

At t = 25 seconds, with 6, = 75 °C,

Or=75(1-e2/83)=71.31°C

Page 3 of 14 2017/2018
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[1 mark]
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Q1 (b) (i)
OWQV_ﬂ«u+MnS -f:u _G.A.V‘-C—'!_LD“\ l‘S grvesw Lﬂ

T() = G(s)
|+ HG) &)

= —____——-
120s +

! e |

I

(1zos +1 ) +
(8-354— |)

€-3s + |
(|205+l)(8-35+|) ~+

7]

3.3s 4+
996 <> + (28.3s + 2

":' —l—o? ard [ao‘pm-w(aj
996
O.00833s5 + ©O.oo0l

T(s) =
Sl 4 0.(288s + O0.00Z

. » 2. 1
c-£. denownncdet itk s + .251—3,,5 -+ L5,

e [,Jnl = o002
L, = 0-0448 radls
. ;3“% = 0.123%
o.123¢%

5_—

oA on O.OHYE
= |.4375

wh‘;[n > | gutralﬂ.mj::mi.
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R(sy = 1%
=
Y6 = 75 4 T(s) [1 mark]
3

Using Hee finad vl Hogren
glo) = @w[iYm]

5=

- Q,ﬁ“[/g’; 75 « (&oo?lﬁs«-o.am)-}

= (314 6.128%s +0.00 2 )

5o

o-00l x 75

I

& a0

_ 237.5 OC [3 marks]

Total marks for question 1 =34
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QUESTION 2
rthouk #zlnmh:) -p.:ﬁlbm.k

(a)
T = as
[ + I = qﬁ(‘s-rq)

= 9
s 4+ 4 =~ [3 marks]
-f—
c-f shewdod secod ovolar nuuwer=mided
51 T '13-“" s+ H*"‘l [1 mark]
i L. o= 7
oo - 17
= 3 roud (s
. 25,1,&” = 4
. A
z A
2~3
= O-b&7 . [3 marks]
el th Wi clad d_ﬁ.--..?-q:.ﬁ{ {51'“":"3 esct”ﬁ:i'lrﬂn_!
with velociky feedback
S e
o+ 8. 2
3 _s(s++)
H-H-ra.v\d. b et = ’-?
by G H') S(5+*+) + s
- 7
s>+ 45 + 3s
= = [3 marks]
51 4 7 s
2017/2018
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Om,u -}v—y-a.ns-';:_: -Fun.-:.—‘f?..a:.q 15

q/(sz + 7s)

T (9 =

/ -+ q/(s‘ + 7s)

- 9 [3 marks]
S*+ 7s o+ 9
.0‘ LJHL - ? ) L\::'ﬂ — 5 r"-d IS
Nl 7
§ = —7-—- = 1.16 [3 marks]
D ow 3

s hoel t}p o ,;La,‘..\__,uog_d S Ao n.Sr.l”cLmeﬁ-F.

.H. Ueftﬂt:% ‘pﬂﬁAlﬂ'ﬂ-m[C hﬂ‘.s G...“'f'—l."'d +'LL t:l._ﬂ.-lﬂ-\,Fro\.ﬁ ﬂ,l—-dl
re meped e sscillafrans 2 marks]

(b) The diagram below shows gain and phase plots.

A GaN ProT
[ T(J:.QIJE

L~

Prnse PLoT
rrnse T--

LT(w)

189 - - — - - - - ¥_ __

[5 marks]
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From the Bode Magnitude diagram (gain plot), the gain in dB is measured at the point where the
Bode Phase diagram reaches -180 degrees. For stability, the gain at this point must be less than 0dB.
The GAIN MARGIN (GM) will be the absolute value of this gain in dB and is an indicator of how close

the system is to instability. Typically, a GM > 10dB gives stability. 3 ks]
marks

From the Bode Phase diagram, the phase in degrees is measured at the point where the Bode
Magnitude reaches 0dB. For stability, the phase at this point must not be -180 degrees. The PHASE
MARGIN will be the absolute value of the difference between the measured phase angle and -180
degrees and is also an indicator of how close the system is to instability. Typically, a PM of 45
degrees gives stability.

[3 marks]
(c) From figure Q2.2,
At 2.71 rad/s, Gain Margin = 4.23dB when phase = -180 degrees
[2 marks]
At 3.49 rad/s, Phase Margin = 180 - 168 = 12 degrees.
[2 marks]
This system will be unstable since GM < 10dB and PM < 45 degrees. [1 mark]

Total for this question is 34 marks
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QUESTION 3

(@) (i)

From +he oot locus Aiag/=w~  open leop poles

[2 marks]
pcewr ok -2+)3 and -2-33
There 3 One zere ok — Z (1 mark]
"'n'utrzF\:rrCr 'f'h-'hf'ﬂni-fe.: -I:u.wr:hc;n (s o8
Gls) = s - (-2)
(s—(-2+:53))(c-(-2-j3)
= sS4 2
(s+2-j3 ) s+2+;3)
- S+ 2
(s*4 25 4j3% +25 14 1j€-)3546-;"])
_ S+ 2
(s™ +4s +4 + 1)
- 5+ 2
(a) (ii) (s* + 4s +13) [5 marks]
c-f. deneminates =i standet e.ﬁruz-ﬁa‘ﬂ
st + .E.Z_I-D“S -+ w“z [1 mark]
o .E-..‘L: = 13 , Rn = 3.606 radfs [1 mark]
(a) (i) " 25“" = 4
5 = 4 = 0.55%
2 3. 608
undarclampad . [2 marks]
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QUESTION 3 continued

(b) N
CLOE‘?-{! |=1s'f ‘I‘W-H.'ip.a -ﬂ..m’fw-ﬂ 15 Grve= ﬁj
T(s) - (s [1 mark]
|+ H(s) 6(s)
Shere G(s) =  S+2 awd U(s) = K, [1 mark]
< *r 4s+13
T = (s+2)/(s*+ 4s +13)
I+ Kk (s+2)/(s"+ s +13)
= = +2
(Sl‘l‘ 45 fl:b) + kl (Sﬂr?.)
= §4+ 2
s* s (B+k)s + (13 +2k,) [3 marks]
For cr:thc'a.l d.amlol.:\j , peles wmeet b =5 [1 mark]
S T = sS+2 = S+ 2 [1 marks]
(51- ‘5); s*3 los + 25
E;i_u.:ﬂl'p-ﬂ dﬂ-ﬂnﬁwm
A+K, = O ot 13+ 2k = 25
Tk = b 2k, = 12
l I, =& [1 mark]
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QUESTION 3 continued

(c) (i)

Shaw K = 3.92

wo o= 13+ 2k
= 3+ 2=3.92
= Zo B
w, = #4-565 radfs
,... ;13‘”’1 — 4 +k|
3 = 4 + 3.92
D o Y. 565
= O-867
o = HAses ,;m
- 2.27 radfs
() (ii)
T(s) = S+

g? + f*-t + 3~‘I‘l_}s + (r3+:1w 3-‘?2)

S+ 2

s+ T92s + 20-84

Poi{,g (-3 G‘-’t_
2
- 792 + J T2 — H x |» 2o0-8%

5 =

2w

Page 11 of 14 2017/2018

[1 mark]

[1 mark]

[1 mark]

[1 mark]

[2 marks]

[1 mark]
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2,
. st [zocas
2
= =791 iJ,)M-a‘sﬂ
ol
S = ~-39¢C t J 2.27 [3 marks]
(c) (iii)
-3
F=) ﬁ':'ax
= oo
(L O &
—_— e . RETI Jl-—*O-E(,?‘
= 16590 e
= 6 k% 'é [2 marks]
(d) From the root locus diagram, poles lie in the left hand plane for all values of gain. [2 marks]

Total for this question is 34 marks
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QUESTION 4

(b)

(a) (i) FSD is the full scale deflection or maximum output of a transducer. In this case FSD = 10Volts

2 k
(i) This is defined as [2 marks]
Static sensitivity = output range of a transducer
input range of transducer
In this case = 10 volts / 5 Bar = 2 Volts/Bar [3 marks]

(iii) This is defined as the difference between the linear value and the actual value.

For example, at 1.5 Bar, the linear value should be 1.5 x 2 = 3V but the actual rising value = 2.81V.
The non-linearity error =2.81 -3 =-0.19V [3 marks]

(iv) This is defined as the difference between the rising and falling output voltages.

For example, at 1.5 Bar, the rising voltage = 2.81V but the falling voltage = 3.17.
The hysteresis error =3.17 - 2.81 =0.36V

[3 marks]
Output voltage Linear | Non-linearity error
Measureand (Volts) Value (Volts) Hysteresis Error
Pressure (Bar) (Volts)
rising falling (Volts) rising falling
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.50 0.96 1.03 1.00 -0.04 0.03 0.07
1.00 1.89 2.12 2.00 -0.11 0.12 0.23
1.50 2.81 3.17 3.00 -0.19 0.17 0.36
2.00 3.77 4.28 4.00 -0.23 0.28 0.51
2.50 4.68 5.33 5.00 -0.32 0.33 0.65
3.00 5.61 6.25 6.00 -0.39 0.25 0.64
3.50 6.73 7.16 7.00 -0.27 0.16 0.43
4.00 7.88 8.10 8.00 -0.12 0.10 0.22
4.50 8.94 9.05 9.00 -0.06 0.05 0.11
5.00 10.00 10.00 10.00 0.00 0.00 0.00
[10 marks]
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Series 1 = rising, series 2 = falling

The maximum linearity is 0.39 volt, as a percentage FSD = 0.39/10 * 100 = 0.039%

Calibration Curve
12.00
10.00
8.00
w
(O]
=
a Max hysteresis error
> 6.00 .
) =@&= Series1
a.
= .
3 Max non-linearity error =&= Series2
4.00
2.00
0.00
0.00 1.00 2.00 3.00 4.00 5.00
INPUT PRESSURE
[10 marks]

The maximum hysteresis error is 0.65 volts, as a percentage FSD = 0.65/10 * 100 = 0.065%
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