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FUNDAMNETALS OF CONTROL SYSTEMS  Section X

Mid-Term Thursday March 7, 2002

Answer All 4 Questions (total 45 marks)

Question #1 (10 marks)

For the system shown in the block diagram:

/
x‘vf’r
a) Draw the signal flow graph.
o . , . Y5y S
b) Using Mason’s loop rule, determine the overall system transfer function —Ew)— VW
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Show all mathematical steps.
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Question £2.A (10 marks)

a; Determine the tvpe nember of the system.

b) Using the concept of system type number, determine the steady state error (o a unit step Input.

¢; Using the concept of System type number, determine the steady state error to a unit ramp inpui.

d) Using the concept of system type number, determine the steady state error to a unit parabola input.

Show all equations and mathematical steps.
Answers without mathematical proofs will be given a mark of zero.
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Questibn #2.B (5 marks)

For the system shown, the command signal R(s) and disturbance signal D(s) are both unit step inputs.
Determine the gain X so that the steady state output y(1) is 1.01 .
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Question #3 (10 Marks)

For the system shown, it is required that the settling time T < 4 seconds and the percent overshoot
F.O. < 43%. Determine:

& The gain K and parameter P necessary to satisfy the above performance requirements.

b} On the s-plane, plot the region of valid characteristic root locations.

¢) Determine the equation for the sensitivity of the overall System transfer function with respect to
parameter p.ie: determine S;

, N K ,
) e - Y(s)
Sty + pj
Question #4 (10 marks)
The characteristic equation of a system is given by; R R EAR L, P, P ;

Using the Routh-Hurwitz test, determine:

a} Ifany, the marginally stable roots, and their numerical values,
b) If any, the total number of unstable roots.

HINT: The negative number -4 is a vector written as =4+ 0/ oras ¢ |
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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 8, 2001

Apswer all three (3) questions. Closed book exam. Total time: 1 bour 15 minutes

Problem 1.—23: Problem 2.~7; Problem 3.-+5; = 35 marks total.

Problem 1. [a->1, b7, ¢c—3, d=2, e~1, 3, g3, b3 = 23 marks ]
A negative feedback control system has a block diagram as shown below.

4 (1) Determine the closed-loop transfer function T(s) = Y(s)/R(s). "

~~3(2) For a unit step input. find the value for the gain K so that the system has 20% overshoot.
What is the natural frequency o- of the system? — -
What is the settling time Ts of the system? -7

-~ (3) Sketch the closed-loop poles on the s-plane. Clearly indicate w. (natural frequency) and ¢
(angular representation of the damping ratio ), and their numerical values, on the figure. . —

(4} Using the Routh-Hurwitz stability criterion determine the range of gain K for the system to
be siable” v

53 What is the “type number” of the system? e

-~ (6) For a unit step input, determine the position error constant Kp ., and the steady-state error.

Show all mathematical steps leading 10 your answer. v
~7) For a unit ramp input, determine the velocity error constant Ky , and the steadv-state error,
Show all mathemarical steps leading to your answer, Prm gg,

(&) 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, [ a1, b-+5% = 7 marks ]

For the system represented in the block diagram below, find:

(1) the signal flow graph representation.
{2} the transfer function T(s) = C(s5)/R(s). by using (only) Mason's signal-flow gain formula.
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Problem 3. [ 5 marks | I

For the svsiem shown below find the woral steady-state error

nit step disturbance Dis:

due to a unit step input R(c:) and 2 |
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Problewm #3
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Problem2. [1-57,257,3—5 2 4 7, 5 7= 30 marks ]

R(s) 1 A T Y(s)
P> 9>
%.._% s+ 1 s+ 2
K, K,

For the feedback control system shown above:

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

(2} Determine for which values of X ; and X, the closed-loop system is stable. Plot the
stability region in the X, - X, plane.

(3} What is the natural frequency of the systém as a function of K, and X,? And the
damping ratio ?

(4) Determine X, and X, such that the closed-loop system is stable and such that the
response of the closed-loop system to a step input has an overshoot of less than or equal
to 10% and a 5% settling time of less than or equal to 3 seconds. Plot the allowed region
for the roots in the s-plane.

(5) Determine the sensitivities of the transfer function T(s) with respectto K| and X, , ie,

i; and & a - Find the relation between X, and X 2 80 that the steady state (Désmgains o

Sy, and ST are equal.
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Problem3. {1 7,2a— 7,2b— 8 2¢c—> 7, 2d~> 7 = 36 marks ]

R(s) 5+2 1 Y{s
e A G+567+25+5) | ] s :
H{s) lq

For the feedback control system shown above:
(1) Determine the closed-loop transfer function T(s) = Y(s)/R{s)
{2) Make H(s)=1
a. Give necessary conditions on the values of K for stability
b. Give necessary and sufficient conditions on the value of X for stability.
HINT: x* + 43x - 2000 = (x+T1A2)(x - 28.12)
¢. Compute K,, K ,K,.
d. Using the values of ¥ »» Ky» K, determined in ¢, compute the steady-state error to

a step input, to a ramp input and to a parabola input for the closed-loop system.
What is the type number of the system ?

(3) BONUS (10 marks) Make #(s) = m%
5

a. Compute 1-T(s)

b. Compute X such that the steady state error of the closed-loop system to a unit
ramp (velocity error) is zero, o

¢. Is the closed-loop system stable for this value of K?

MECH 371/4 - Fundamentals of Control Systems — Section T: Midterm, March 4, 2003 -3/3-
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CONCORDIA UNIVERSITY
FACULTY OF EN GINEERING AND COMPUTER SCIENCE
ENGR 372/4 sec. Y FUNDAMENTALS OF CONTROL SYSTEMS

Mid-Term Instructor: Dr. H. Hong Date; March 9, 20600

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

Problem 1.-»23; Problem 2.-7; Problem 3.-5; = 35 marks total,

Problem 1. [a=1, b-7, c*3, d—2, e=1, f=3, g3, h—3 = 23 marks ]
A negative feedback control system has a block diagram as shown below.

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

\ (¥ For a unit step input, find the value for the ga.in}/so that the system has 20% overshoot.

/' What is the natura] frequency gy’of the system?

: What is the setthng time J#of the system? _

L () Sketch the ciosed-loop poles on the s-plane. Clearly indicate g (natural frequency) and @~
{angular representation of the damping ratio ¢}, and their numerical values, on the figure.
Using the Routh-Hurwitz stability criterion determine the range of gain K for the systern 1o

r? be stable?

- (€) What is the "type number” of the system?

(B For:a unit step input, determine the position error constant Kp ;, and the steady-state error,
Show all mathematical steps leading to your answer. : :

) Eor a:unit ramp input, determine the velocity error constant Ky . and the steady-state error.
Show all mathematical steps leading to your answer.

(h) For:a unit acceleration input; determine the acceleration error constant Ka , and the steady-
state error. Show all mathematical steps leading to your answer.

N

Ca

Y{s)

T e S e

e
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Probldm 2. [a—114 554 = 7 marks ]

For the svstem represented in the block diagram below. find:

(/(4 e signal flow graph representation,
@

the transfer function T{s) = Y(s)/R(s), by using (only) Mason's signal-flow gain formula.

ris

Problem 3. [ 3 marks ]

For the system shown below find the total steady-

state error due to a unit step input R(s) and a
unit step disturbance D{s}.

i Disy
R{s) & o + I+ 2(s)
o i, [ —
- S +2 R
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CONCORDIA UNIVERSITY
DEPARTMENT OF MECHANICAL ENGINEERING
- ENGR 372/4 SEC X FUNDAMENTALS OF CONTROLS SYSTEMS

CL{%&SS TEST Instructor: Dr. J. Svoboda Date; 11 March 1999

em 1 For the system represented by the signal flow graph shown below determine:

(a)block diagram representation 1
- (b) transfer function T(s) = Y(s)/X(s)
(use method«f yo

f@-

*‘ )61
‘P}{biem 2 For the aircraf flight contrd em shown below, deterrfiine:
Ve (a) transfer function T(s) = Y(s)/X(s)

[y B
(b) range of gain K for stability (use R.-H. criterion)

(c) value of gain K for marginal stability and the corresponding )

oscillatory frequency w,,, ~— e RN

e afe H o “ -
4o . S “
/Controller Nm@dyfmc< ' N

Kis+ 1) E w1l ?ﬂfch angle
P s e = *-Y(Q
(8 + 4.85) sT+0.65+9 |

\—H. B - |

Comsmanded
pitch angle &

e

X{s)

S

Problem 3 Shown below is a unity feedback system.

X(s) o Y(s)
G(s) P

—
-

(a) Assuming G(s) = K/(s* + 5), determine for the feedback system:
(1) undamped natural frequency «.damping ratio §, percent overshoot %08, =
peak time Ty, and settling time T (choose K=4)
(ii) sensitivity function Sy frg

(b) Assuming G(s) = 8/(s’+4s”), determine for the feedback system: R

(1) the error constants K, , K, K,

(ii) the steady-state error resulting from the input X(s) = 3/s* + 2/s2 +1/s
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FUNDAMNETALS OF CONTROL SYSTEMS  Section X
Mid-Term Thursday March 7, 2002

Answer All 4 Questions (total 40 marks)

Question #1 (10 marks)

For the system shown in the block diagram:

a) Draw the signal flow graph.

b) Using Mason’s loop rule, determine the overall system transfer function %ﬁ

(s)
Show all mathematical steps. >
3 ey g
s+ 1
Ris) ) + f ¥is)
—d { 8 - 3 .
P54 5+ 10
S
2
s+2
R
Question #2 (10 marks)
a) Determine the type number of the system. 4
b) Using the concept of system type number, determine the steady state error to a unit step input. < P
¢} Using the concept of system type number, determine the steady state error to a unit ramp input. 1,

d) Using the concept of system type number, determine the steady state error to a unit parabola input. 3 a

Show ali equations and mathematical steps.
Answers without mathematical proofs will be given a mark of zero. _

Ry ~~~ | 10 Fis)
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CONCORDIA UNIVERSITY
FACULTY OF ENGINEERING AND COMPUTER SCIENCE

DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING
MECH 371/4 sec. X FUNDAMENTALS OF CONTROL SYSTEMS

Mid-Term Instructor: H, Hong Date: March 4, 2003

-

Answer all four (4) questions.  Closed book exam. Total tire: 1 hour 15 minutes

For all guestions:
Clearly show all egquations and mathematical steps.
Answers without mathematical steps will be given a mark of zero.

Problem 1.-+ 23; Problem 2.— 10; Problem 3.~ 10; Problem 4.— 12 = 55 marks iotal,

Problem 1. [1-3,252,356,45 4, 53 6, 6~ 2 = 23 marks }
A negative feedback control system has a block diagram as shown below.

(1) Draw the signal flow graph for the system.
(2) Determine the closed-loop transfer function T(s) = Y(sy/R(s).
(3) For a unit step input, find the value for the gain X so that the system has 20% overshoot.
What Is the natural frequency @, of the system?
What is the settling time 7 of the system?
- (4) Sketch the closed-loop poles on the s-plane. Clearly indicate o, (natural frequency),
@y (damped natural frequency), and # (angular representation of the damping ratio ¢,
-~ "and their numerical values, on the figure.
/(5) Find the total steady-state response duc to 2 unit step input R{s} and a unit step
"2 disturbance D(s).
(6) Determine the sensitivity of the transfer function T(s) with respect to gain X, ie: §7

o ——

.
=
-
=

MECH 371/4 sec. X, Fundamentals of Control Systems: Mid-term, March 4, 2003 _{/4.




Problem 2. [ 10 marks ]

For the feedback control system shown below:
(1) Determine the type number of the systen.
(2) Using the concept of system type number, determine the steady state error to a unit step

mput,
(3) Using the concept of system type number, determine the steady state error to a unit ramp
input.
(4) Using the concept of system type number, determine the steady state error 10 a unit parabola
input.
K o C(s)
- i -~
s{s+ 1)
z,.{l‘i SLFE e
K

Problem 3. [ 10 marks }
Using the Routh-Hurwitz test, determine the stability of the closed-loop transfer function:

i0
s+ T75 +65% + 4257 + 85+ 56

T{s)=

Determine, if any,
(1} the marginally stable roots, and their numerical values.
qééz) the total number of unstable roots.

HINT: The negative mumber —4 is a vector written as —4+0/ oras 4e*'% |

MECH 371/4 sec. X, Fundamentals of Control Systems: Mid-term, March 4, 2003 214~




Problem 4. [ 12 marks ]

A permanent magnet DC-motor drives a rotational load through a speed reduction gear ratio, The
motor also directly drives a generator that supplies current to a resistive load. The load speed is
measured by a tachometer for velocity feedback control. The error between the reference and
tachometer voltage drives an amplifier that supplies power to the armature of the DC-motor.

Draw the block diagram for the feedback control system shown in the schematic diagram below.
Provide justification to any assumptions made.

V,
R MR E Ka
-7 AMPLIFIER
Vi

Ky

TACHUME TR

(iven equations with respect to schematic diagram:

E(s)=Ve(s)=V,(s) error = reference voltage minus tachometer voltage

Ve(s) =K, o, (s) tachometer voltage = tachometer gain times load speed

V(5= K E(5) amplifier voltage = amplifier gain times error voltage

Vo (sy=R 1, (s)+F,(s) amplifier (or armature) voitage = armature resistance times armature
V Mﬁﬁ% current pius back EMF [armature inductance neglected)

V()= K,@,() = back EMF = back EMF gain times motor speed
T(sy=K,1,(s) ' motor generated torque = motor constant times armature current
T (5)=T (s‘)‘w T,(s) torque driving motor = motor generated torque less torque driving
: disturbances

1. (s)=Ja,(s)+bw,  torque driving motor = armature inertia times motor speed plus
damping times motor speed
T,(s)=T,(s)+T,,(s) disturbance torque = torque driving inertia load plus torque driving
| generator

MECH 37174 sec. X, Fundamentals of Control Systems: Mid-term, March 4, 2003 -3/4.




Eguations that m

o, (5)=77
T,(s)=77
Vo is)="
L, (s) =77

T(s)=7

v
/

ust be derived from schematic diagram:

load speed w, (s} = motor speed a,, (5} with gear reduction. Let
gear ratio be N>1

load torque T, (s) => rotational load inertia J , » omit damping;

load angular acceleration @, (s} ; gear ratio N>1

generator voltage ¥, (s) = generator voltage gain X ¢ generator (or
P

motor) speed o, (s) N

generator current : (s} => generator armature resistance R o fesistive
load R, ; generator voltage ¥, (s); neglect generator inductance
generator torque 7, (s} = generator constant K 66 s

generator current /_(s)

Ma
P RN
o df\ffy ) F
I S
£ A 2 =
Y %‘é&\}

MECH 371/4 sec. X, Fundamentals of Control Systems: Mid-term, March 4, 2003 ~4/4-
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FUNDAMNETALS OF CONTROL SYSTEMS Section X /

Mid-Term Thursday March 7, 2002

Answer All 4 Questions (total 45 marks)

Question #1 (10 marks)

For the system shown in the block diagram:

a) Draw the signal flow graph.
Y{s)

R(s)

by Using Mason’s loop rule, determine the overall system transfer function

Show all mathematical steps.

S+ | r

Ris) : + Yis)
Y 8 S
T 52454 10

Question #2.A (10 marks)

@) Determine the type number of the system.

b) Using the concept of system type number, determine the steady state error to a unit step input.

¢) Using the concept of system type number, determine the steady state error to a unit ramp input.

d) Using the concept of Systen type number, determine the steady state error to a unit parabola input.

Show all equations and mathematical steps.
Answers without mathematical proofs will be given a mark of zero.

/

L ke 10 R




Question #2.B (5 marks)

For the system shown, the command si gnal R(s) and disturbance signal D(s) are both unit step inputs.
Determine the gain X so that the steady state output y(r) is 1.01 .

. E 2% sl
Disturbance ;f\f "y — e
D (S ) ’ ol % e S

g
£, ;“'ﬁ/ :gh >
G H

-

Question #3 (10 marks)

For the system shown., it is required that the settling time 75 < 4 seconds and the percent overshoot
P.O. < 4.3%. Determine:

a) The gain K and parameter p necessary to satisfy the above performance requirements.

b) On the s-plane, plot the region of valid characteristic root locations.

¢} Determine the equation for the sensitivity of the overall system transfer function with respect to
paramneter p. ie: determine S7

I 4
+ i{v % i
R(s) > e » Y(s)
s{y + p) =
{ . -
Question #4 (10 marks)
The characteristic equation of a system is givenby:  s"+5° 455" + 57+ 257 - 258
Using the Routh-Hurwitz test, determine:
a} If any, the marginally stable roots, and their numerical values. - :
b} If any, the total number of unstable roots. SR PRI

ot

HINT: The negative number —4 is a vector written as — 4 + 07 oras 4¢™%7
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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 8, 2001

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

Problem 1.-23: Problem 2.-7; Problem 3.—5; = 35 marks total.

Problem 1. [a—1, b>7, c3, d—2, e~1, f-3, g»3, h—3 =23 marks ]
A negative feedback control system has a block diagram as shown below.

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

(2) For a unit step input, find the value for the gain X so that the system has 20% overshoot.
What is the natral frequency s of the system?
What is the settling time T of the system?

(3) Sketch the closed-loop poles on the s-plane. Clearly indicate ewn (natural frequency) and 8 -
(angular representation of the damping ratio ¢'), and their numerical values, on the figure.

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

(5) What is the “type number” of the systemn?

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

(7) For a unit ramp input, determine the velocity error constant Kv , and the steady-state error.
Show all mathematical steps leading to vour answer.

(8) For a unit acceleration input, determine the acceleration error constant Ka , and the steady-
si@t’é error. Show all mathematical steps leading to your answer.

r

H(s) Y(s)

hwf——“ L. S 0.1 -
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Problem 2. [a—1%, b5 = 7 marks }
For the system represented in the block diagram below, find:

(1) the signal flow graph representation.
(2) the transfer function T(s) = C(s)/R(s), by using (only) Mason's signal-flow gain formula.

K,

R{n) E(s) £5(s) Ey(s) Eys)
G(s5) Gy(5) » Gi(s) b+ Gals)

Ha{s} Hy(s)

Hy(s)

Problem 3. [ 5 marks ]

#

For the system shown below find the total steady-state error due to a unit step input R(s) and a
unit step disturbance D(s). T T

fD(S)
R, 50 1 i+ ! 10 ve)
mf ] s2 ‘ + s+3 "
|
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FUNDAMNETALS OF CONTROL SYSTEMS Section X //

Mid-Term Thursday March 7, 2002

Answer All 4 Questions (total 45 marks)

Question #1 (10 marks)

For the system shown in the block diagram:

a)} Draw the signal flow graph.
b) Using Mason’s loop rule, determine the overall system transfer function —{(ﬁ

R(s)
Show all mathematical steps.-

) s
s+ -

-~

o

-+

5 ¥(s)

Question #2.A (10 marks)

a) Determine the type number of the system.

b) Using the concept of system type number, determine the steady state error to a unit step input,

¢) Using the concept of System type number, determine the steady state error (o a unit ramp input.

d) Using the concept of system type number, determine the steady state error to a unit parabola input.

Show all equations and mathematical steps.
Answers without mathematical proofs will be given a mark of zero.

R(s) Q 10 Ys)
+ P s+ 4

T“ ’ 6l
s+ 10
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Questibn #2.B (5 marks)

For the system shown, the command signal R(s) and disturbance signal D(s) are both unit step inputs.
Determine the gain X so that the steady state output y(1) is 1.01 .

;i f’f i ) % o
. " - T ”y:."/‘;{.
Disturbance A L
Vi f i
i P L3
R(s) - 3 A Y(s) A
K ] »

F 5 N @w
S ;} . w’% jie
K 1¥ ’

Question #3 (10 marks)

For the system shown, it is required that the settling time Ty < 4 seconds and the percent overshoot
P.O. 5 4.3%. Determine:

a) The gain K and parameter p necessary to satisfy the above performance requirements.
b) On the s-plane, plot the region of valid characteristic root locations.

¢) Determine the equation for the sensitivity of the overall system transfer function with respect to
parameter p. ie: determine S

R 3 al y

R} A

(s) > i) > Y(s)
Question #4 (10 marks)

The characteristic equation of a system is given by:  s* 4% +5s* + 5 + 257 - 25§

Using the Routh-Hurwitz test, determine:

a) If any, the marginally stable roots, and their numerical values.
b) If any, the total number of unstable roots.

HINT: The negative number —4 is a vector written as ~4+07 oras 4e*"*%
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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 8, 2001

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

Problem 1.—23; Problem 2.—7; Problem 3.-5; = 35 marks total.

Problem 1. [a—~1, b=7, ¢c—3, d—=2, e~1, -3, g3, h~+3 = 23 marks ]
A negative feedback control system has a block diagram as shown below.

(1) Determine the closed-loop transfer function T(s) = Y(5)/R(s).

(2) For a unit step input, find the value for the gain K so that the system has 20% overshoot.
What is the natural frequency w» of the system?
What is the settling time Ts of the system?

(3) Sketch the closed-loop poles on the s-plane. Clearly indicate w» (natural frequency) and @ -

(angular representation of the damping ratio ¢'), and their nurerical values, on the figure.

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

(5) What is the “type number” of the system?

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

(7) For a unit ramp input, determine the velocity error constant Kv |, and the steady-state error.
Show all mathematical steps leading to your answer.

(8) For a unit acceleration input, determine the acceleration error constant Ka , and the steady-
state error. Show all mathematical steps leading to your answer.

R(s) Y(s)
-+ | K - o
e i = - 0.1 -
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Problem 2. [a—1%, b5 = 7 marks ]
For the system represented in the block diagram below, find:

(1) the signal flow graph representation.
(2) the transfer function T(s) = C(s)/R(s), by using (only) Mason’s signal-flow gain formula.

R{S} E[(J) 52(3) 83(6‘)
Gi(s) Ga(s)

Hz(&') ‘J

Hy(s} k

Egls) C(s)

i

Problem 3. [ 5 marks ]

&

For the system shown below find the total steady-state error due to a unit step input R(s) and a
unit step disturbance D(s).

D(s)
R(s Y(s
®) + 50 + 10 . ,(; )
- §+2 + 5+3
S T = s 13
N 3;.% Yy Mi . IR I e
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