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3 hours duration

NOTES:

1. This is a CLOSED BOOK EXAM. Any non-communicating calculator is permitted.
Candidates are allowed to use a single-sided, handwritten, 8.5 by 11” formula and notes
sheet. Otherwise, there are no restrictions on the content of the formula sheet. The sheet has
to be signed and submitted together with the examination paper.

2. If doubt exists as to interpretation of any question, the candidate is urged to submit with the
answer paper, a clear statement of any assumptions made.

3. Five (5) questions constitute a complete paper. YOU ARE REQUIRED TO COMPLETE
QUESTION 1 AND QUESTION 2. Choose three (3) more questions out of the remaining
six. Each question is of equal value. Weighting of topics within a question is indicated.
Partial marks will be given. Clearly show steps taken in answering each question.

4. PLEASE WRITE ANSWERS DIRECTLY IN THIS EXAM PAPER - DO NOT USE
EXAM BOOKS. If necessary, you may write on the backside of the pages as long as you
write the final answers in the space indicated, and point to where the full calculations are.

YOUR MARKS
QUESTIONS 1 AND 2 ARE COMPULSORY:

Question 1 30

Question 2 30

CHOOSE THREE OUT OF THE REMAINING
SIX QUESTIONS:

Question 3 30

Question 4 30

Question 5 30

Question 6 30

Question 7 30 -
Question 8 30
TOTAL: ﬁ
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Questibn 1 (Compulsory)

Review of Basic Control Concepts, Transient Response, Stability, Root Locus

PART A (10 marks)

For the following multiple choice items choose only ONE answer by putting a checkmark in the
box. Checking off more than one box invalidates the answer.

1) Consider a time function describing a step response of a certain control system:

yit)=[0.0833 —t-e7 ¥ —2.833. ¥ - 1.5t- e 42,250 %] .1(1)

Match it to an appropriate expression describing the system transfer function G(s):
(NOTE: no calculations are required!)

O 0O 0O O

Gis)=

§-{s*+ 55+ 6)
G(s)

- (5% 4+ 58 +8)
Gs)=

(s*+ 55 + 6F
G =

§(s*+ 55+ 6F

2) Consider four control systems, where their characteristic equations are as shown below.
Which one of them is stable?

Q
a
a
Q

s +6s* +35° —252 +2=0
25’ +55s7+7s+7=0

s’ +10s-10=0

s +552+1=0

3) To approximate an "ideal" response from a closed loop control system under Proportional
Control:

o000

The open loop system gain should be as close to one as possible
The closed loop system gain should be as close to one as possible
The closed loop system gain should be as close to zero as possible

The closed loop system gain should be as high as possible without destabilizing the
system

Page 2 of 42



National Examinations, May 2009, 07-Elec-A2, Systems and Control

4) Consider two responses shown. One is the response of a second order closed loop system
with a pair of complex poles and a zero, the other is the response of a second order model
based on the dominant pair of system poles. Match the responses with the plots.

16 T T T

Second order system N ettt Trace B
with a zero response is '

Trace

Second order model
response is

Trace

5) Consider two responses shown. One is the response of a third order closed loop system with
two complex and one real pole, the other is the response of a second order model based on
the dominant pair of system poles. Match the responses with the plots.
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1 .5 T T T I
. Response A
Third order system 725 it Response B
response is R
i
Response o
{ \ =
1T /
! \ ! ) o
( | ! \ 0 ) .
Second order model " : 5 A DT T
response is i W 5
i W
I W\
Response i "\
osf ! ]
/
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i
{
i
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L
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6) Consider the closed loop system response to a unit reference input, as shown. What is the

system type?

Slep Response

System Type .
. 08|
1S__

07
06

05

Amplitude

04}

03F

02

01

1

0.2

04

0.5
Time (sec)

0.6

0.7

0.8

0.9

1.8

7) Consider the closed loop system response to a unit reference input, as shown. What is the

system type?
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System Type

1.8+
18 _— 1.6

1.4}

12+

0.8+

0.6

0.2
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8) (2 marks) Consider a pole-zero map of a certain closed loop system, as shown. Estimate the
Settling Time 7,,,,,,,, , as Well as the Percent Overshoot, of the system step response, and

write your answers below:

Pole-Zero Map

20 T Y u T

_ _ J
15 8
‘TsettleiZ% _ Pole: -3.09+j1 8.4/ |

10 : i

tmaginary Axis

Pole: -3.09-j18.4

.20 L L
-30 -28 -20 -15 -10 -5 0 5 10

Real Axis

that the output signal Y properly tracks the set point signal R, what should be done to
controller gain K?

C —_
R+ _ E Fm Dj 7 Y
Set point

The controller gain K should be as close to zero as possible
The controller gain K should be as close to one as possible
The controller gain K should be as high as possible

The controller gain K should be as small as possible

oooo
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PART B (5 marks)

Consider the five Pole-Zero Map plots and the five Step Responses in the pages below:

Pale-Zero Msp
} ;
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15 b
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1
T P
]
b
08 : 4
3 1
g S PN | RN
]
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205 :
1
ne H
X i
A8 :
1
4
) -a; 2 a5 3 rY; ; vy 1
Real Axts
Pole-Zero Map PZ1
Pols-Zero Map
2 T T
15 X
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osf

Imeginery Axla
o

Ot o o 3t Tt St o b ]

ast
ik X
% = 3 T W o "Pole-
Zero Map PZ2
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2 T
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ol

L L "
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O i o T e i e b it e e o o e T et ]

L
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12

08

0.4 -

0.2
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T e e R I
Time (sec)
Step Response SR1
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) I
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Time (sec)

Step Response SR2

L ' s n s L
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Time (sec)

Step Response SR3
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Next, match the Pole-Zero Map plots with the correct Step Responses by completing the

sentences:

® Pole-Zero Map PZ1 matches Step Response
® Pole-Zero Map PZ2 matches Step Response
® Pole-Zero Map PZ3 matches Step Response
® Pole-Zero Map PZ4 matches Step Response

® Pole-Zero Map PZ5 matches Step Response
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PART C (15 marks)

Consider a certain unit feedback control system under Proportional Control, where the process
transfer function is described as:

35
G(s)= (s + 28)(s% + 10 + 35)

In the Root Locus plot corresponding to this system, shown below, an operating point is
highlighted where the RL plot intersects a straight line. The information below obtained by using
software (Matlab) shows the exact locations of the closed loop poles, as well as the exact
Controller Gain (k) that corresponds to this intersection. Calculate the PO (Percent Overshoot) of

the closed loop step response, and its Steady State Error. Use the space on the next page to show
your calculations.

=5 tocus(G) 1 B T
EX -3010-20.20)) 1 el
5 [lboles]=rlocind(G) i e
Sefecta pointin the graphics window {11 jiig’
selscted poift=" ! IR
k‘.v: .
4.894T: i e
-20:6703 e, S
-4 6648 +4.5158i | S e R T
-4.6648 -4 5158 " LERL TS T M Ik SR Sl e 2 T i e A, T
ess% —
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Question 1 Part B cont’d — use this space to show your calculations
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Question 2 (Compulsory)
Transient Response, Response Specifications, Second Order System Parameters and Analysis

Part A (10 marks)

Consider a response of a certain closed loop control system to a unit reference signal, shown in
Figure Q2.1. Based on the graph, determine the following step response specifications: Percent
Overshoot (PO), Rise Time (T}, 1005 )> Settling Time (within 5% of the steady-state value -

T, (s ) @nd Period of Oscillations (7.

e

)> as well as the Steady State Error in %,(e, ., ).

period"
Place your answers in Table Q2.1.

Step Response

14 ! ) ! ! !
12 e ... ................ ................
1._ .............................................................................................
.................................................. y,=
8 (1. S A h ................ ................
g . o o N o
E
<
Y- T A ................ . e e
04_'.- ................ ................
02 ................ 20005 pE000Ra00 00 e e
0 1 1 1 1 !
0 0.5 1 15 2 2.5 3
Time (sec)
Figure Q2.1
Table Q2.1
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PO =

T iseovi-100%=

T

settle(1£5%)

T.

"period"

ess(srep)% =

Part B (10 marks)

Based on the information collected in Table Q2.1, determine an appropriate 2nd order model (see
the equation in Table Q2.2 below) for the closed loop system in question, then place your
answers in TableQ2.2.

Table Q2.2
Damping Frequency of | DC Gainis: | Write your model transfer function
Ratio is: Natural here:
Oscillations
is:
(: ‘{uﬂ = K de =
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Part C (10 marks)

1. A step response of a certain control system is supposed to exhibit the Percent Overshoot of
no more than 5% and to settle (use the 2% definition of Settling Time) within two (2)
seconds. In the space below, show a shaded area where the dominant closed loop poles of the
system should be located so that both conditions are met.

D N S AP

........................................................................................

2. A step response of a certain control system is supposed to exhibit Period of Oscillations of at
least 3 seconds and to settle (use the 2% definition of Settling Time) within one (1) second.
In the space below, show a shaded area where the dominant closed loop poles of the system
should be located so that both conditions are met.
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Question 3

Transient and Steady State Error Performance, Second Order Model, Pole Placement, Proportional and
Rate Feedback Control

1) (5 marks) Consider a feedback control system shown in Figure Q3.1. Find the closed loop

transfer function G,/ (s) = E i 1n terms of controller gains, K1 and Kz

.
(s

Figure Q3.1
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2) (10 marks) Find the values of gains X, K, such that the resulting Percent Overshoot of the
closed loop step response will be equal to 5% and the Steady State Error e_,, will be equal to

2%. Write out the closed loop transfer function expression for the computed values of
controller gains. Put your solutions in Table Q3.1 below.

Table Q3.1

- X
K, = K, =

o (s)= T cottiesoe =

S
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3) (10 marks) Estimate step response specifications of the resulting closed loop system, as
calculated in item 2. Fill in Table Q3.2.

Table Q3.2
=50, —
PO 5 /0 :Z-;ettlei2% - Trise(10—90%) - T’ring" -
System type
. ess(srep)% = 2% Kv = ess(ramp) =
18:
Note that T.,,, . corresponds to a period of oscillations in the system step response.

ring
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Question 4

Transient and Steady State Error Performance, Second Order Model, Pole Placement, PID Control,

Routh-Hurwitz Stability Criterion

1) (5 marks) Consider a closed loop control system as shown in Figure Q4.1. Find the closed

loop transfer function G, (s) =

Y(s)

R +

O

LY
§

0

10

(s+1)(s+2)

in terms of controller gains, Ky na Kz .

Y

.K2

Figure Q4.1

»
»
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2) (10 marks) Next, assume a model for the closed loop system that will have three poles:

S12 = Wyt wWyd1-0* ands: =—a, where5: and 52 are a dominant pair of
conjugate complex poles, while the third pole, ¥z, is much further to the left in the complex

s-plane and therefore its effect on the transient response can be ignored. Such model can be
described by the following transfer function:

G omoasrts) = o
SIOAEl T e (57 + 20 0nS + WF)

In the equation € is the system damping ratio, @ is the frequency of natural oscillations,
and @ is the location of the third, real, pole. What would be appropriate values of model

parameters $:%x,2 s0 to yield the closed loop step response with the Percent Overshoot of
~5% and the Steady State Error e, ,, will be equal to 0%. Place your solutions in Table Q4.1.
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3) (10 marks) Determine the required values of Controller Gains X and Xz . Write out the
closed loop transfer function for the computed values of controller gains. Place your

solutions in Table Q4.1.

Table Q4.1

a
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