CONCORDIA UNIVERSITY
FACULTY OF ENGINEERING AND COMPUTER SCIENCE
ENGR 372/4 sec. Y FUNDAMENTALS OF CONTROL SYSTEMS

Mid-Term Instructor: Dr. H. Hong Date: March 9, 2000

Answer all three (3) questions.  Closed book exam, Total time: 1 hour 15 minutes

Problem 1.-+23; Problem 2.-7: Probiem 3.-+5; = 35 marks tofal,

Problem 1. [a—1, b7, ¢=3, d—2, ¢~ 1, 3, g3, h—+3 = 23 marks ]
A negative feedback control system has a block diagram as shown below.

(a) Determine the closed-loop transfer function T{s} = Y{s/R{s).

(b) For a unit step input, find the value for the gain X so that the system has 2G% overshoat.
What is the natural frequency @, of the system?
What is the sertling time Ts of the system?

{c} Sketch the closed-loop poles on the s-plane. Clearly indicate @, (natural frequency) and &
(angular representation of the damping ratio ¢}, and their numerical values, on the figure.

(d) Using the Routh-Hurwitz stability criterion determine the range of gain K for the system to
be stable?

{e) What is the "type number” of the system?

{(f) For a unit step input, determine the position error constant Kp , and the steady-state error.
Show all mathematical steps Ieading to your answer.

(g} For a unit ramp input, determine the velocity error constant Kv , and the steady-state error.
Show ail mathematical steps leading to your answer,

(h) For z unit acceleration input, determine the acceleration error constant Ka |, and the steady-
state error. Show all mathematical steps leading to your answer.
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Problem 2. {a—+1'A, b+5% = 7 maks ]
For the system represented in the block diagram below. find:

(a) the signal flow graph representation,
(b} the transfer funciion T(s) = Y{EW/R{s), by using (only} Mason’s signal-flow gain formula,

Fsk

Troblem 3. {5 marks]

For the system shown below find the tota] steady-state error due o 2 unir step input R(s) and a

unit step disturbance D{s}.
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Problem#1 {a=3b=53 ¢c=53 dl =4 d2=3 —— 20 marks }
For the system block diagram given below:

(g} Draw the signal flow graph for the svstem,
Fis)

{b3) Determine the ovenal] ransfer function = {7{5}.

Hi{x)
{c) Determine the type number of the svstem
{d) Using the method of system tvpe number as determined from part (3) of the question
above, determing:
{1} The steady state error due 1o unit siep input.
{2} The steady state error due o unit ramp input.
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Problem #2{(a=3.b=21+ 2% ¢c=2 —»— 10 marks }

The open-loop fransfer function of a system s given by:
GH(s) = — 0

{s+1Xs+2)

{a) The figure below gives a partial sketch of the Nyquist plot for the system, from e =0
to oy =~ Complete the drawing or the sketch of the Nvaquist plot. Explam vour
procedure.

(b) From the Nvguist plot, estimate the gain margin and the phase margin. Show vour
procedures clearly.

(c) Is the closed-loop svstem stable or unstable? Explaim vour answer clearly.

AiIm
el T
- = Tl
y - s \..*ég;wgwg
// + ~
hS
.y v
iﬁsﬁwﬁ - X
1 \
LR !
kN i
‘%% i
L (e + = Ra
.*g K&ﬁmm i a 3 @g&




FUNDAMENTALS OF CONTROL SYSTEMS Page -3/5-
MECH 371/4 Sections T, X
FINAL EXAM, April 2005

Problem #3 { Part Ara=3 b=2 —-—> Smarks )
{Part B:a= 10, b=3% + 3%, ¢ = 3 ~»—> 20 marks )

{A) A feedback contrel svstem has the following characferistic equation:

plsy=s5"+3s" 45 43542

(a) Using the Routh-Hurwitz criterion, determine the stability of the system.
(b) Is the system stabie or unstable? Explam vour answer,

(B) The open-loop transfer function for a umity feedback svstem 15

Gisy= Kis+1)
s{s-3)
(a) Draw the root-locus for the closed-loop system, showing all relevant steps and details.
(b) Show that the clgsed-loop poles 5 = -2+ j&fg lie on the locus.
Determine the gain X at these poles.
(¢) Derive the sensifivity equation of Grsj with respect to the gain K ie: derive S .

Problem#4{a=10bl =2+2. b2=2.¢l1 =3, ¢2=1—— 20 marks)
A unity feedback system has a plant transfer function given by:

3200
Frs = S
’ s{e+4¥s+8)

(a} On the semi-log paper provided, ploi the asymptotic Bode diagram. Show all relevant
steps. Indicate the refevant slopes on the diagram.

(b) (1) From the asymptotic Bode diagram, determine the gain margin and the phase
margin. Show these values on the diagram clearly,
(2) Is the closed loop system stable or unstable? Explain vour answer cleariy,

{c} Infroduce a constant gain K controller (ie: proportional controlier) to obtain a phase
margin of 45 degrees.
(1) What is the numerical value of this constant gain K controller?
(2} Draw the block diagram for the complete closed-loop svstem including the

controller.
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Problem#8(a=5 b= 10, ¢=2 d=8 —— 23 marks)

A unity negative {eedback conirol svstem has the plant fransfer function given by:

. 141
(1, =

s{s+1)
Given information:

o
el Fof Lo

percent overshoot P4 =100¢

& 2

time to peak 7, = - = o S
& @, \/i-—mc;;“‘

where @, @,and ¢ is the system natural frequency, svsiem damped natural frequency,
and system damping ratio, respectively,

{a) Using the root locus method, design a proportional controller so that the svstem
transient response due 1o a step mput r7) has exactly 4.3 % overshoot.

(b) Using the root locus method, design a PD controller so that the svstem transient
response due to a step input (7} has exactly 4.3 % overshoot and time to peak
Ty =1 Gd7sec

(¢} Discuss which system designed, either (a) or (b)), has betier performance due 1o a step
nput.

{d) For the two systems found in parts {a) and (b), determine the steady-state error due to
a unit step mput and due to a unit ramp input.



