Islamic University of Gaza
Electrical Engineering Department
EELE 3360 Control Systems
Mid-term Exam (December 5, 2024)

Dr. Basil Hamed

Exam Time 10:00-12:30

Name: SOLUION ID #
1. Find the transfer function Vout(S) / Vin(s). (10 Pt)
Solution iz 2 iz
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Vin — V1 d Vout = V1 _
2k Tt 70
Cd v, Cd
2 df (vm 1’2) - 2 2 df.' (vout vz) =0
cd = Vour _
57 (W2 = Your) +T =0
By using Laplace transform we have:
Vin(s) = Vi(s) Vout(s) — Vi (s)
— 2R + CsV,(s) + >R =0

& () = V() ~ 22 4+ E (1,9) - v,) = 0

C V VO'LI
?(‘@(53 —Vout(S)) + 1(5) = () _

From above equations:

1
Vi(s) = 2RG T D) (Vin(8) + Voue(s))

RCS
Vz(s) = m (Vin (5) + Vout(s))

Substituting V(s) and V,(s) into preceding equations, we obtain:

Vour (s) R%C%s?+1
Vin(s)  R2C2s? 4+ 4RCs + 1




2. Find the state space model for the system shown below assume the output is x. (10 Pt)

ky
Solution
My E(t) + by (t) + kix(t) = biy(t) —f- M %k:
Maij(t) + byg(t) + kay(t) = hix(t) + ul(t) b 1= g

Let

=T, Zg =@, z3 =1, and z4 = 7 . l ?

Then we write the system in state variable form as

0 1 0 () 0
kb 0 by 0
3 = Ny My My z + m
0 0 0 1 0
0 bk by 1
L Mo Mo Moy L Mz




3. For the unit response shown in the figure below find the transfer function of the system. (10 Pt.)
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b. Measuring the percent overshoot and settling time from the graph: %08 = (13.82-11.03)/11.03 =

25.3%.
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15|-Cmax=13.82

Cfinal = ;u}z S
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-~ |
TS = 2.62 seconds

and Ty = 2.62 seconds. Estimating a second-order system, we use Eqg. (4.39) to find £ = 0.4 . and Eq.

K
(4.42) to find wy, = 3.82. Thus, G(s) = 7 - Since Cfipgl = 11.03,—5 =11.03. Hence,

?—
5_'+2C',m[15 +ip My

K = 160.95. Substituting all values,
160.95

G L. B
(8) = 2.3.0565+14.59



4. The system has transfer function

Y(s) (S +3)

(O = T T G+ HE +5)

Obtain state space model for above system using parallel decomposition

G[:]: £+ 3 =%

[=+ 2]2 [+ 4] [s+ 5)

Writing the state and output equations,
;{ 1=-2x] +x2
>'i 2=-2xy+r
;{ 3 =-4dx3+r
;{ 4=-5xq4+r

1 1 1 2
Y76 X136 X274 X379 X4

In vector-matrix form,

-2 1 0 0 0
G |0 20 o 1],
o0 -4 0 |
o o 0 -5 |
4 L1 2
Y=| & 3 4 9/F

GOO0D Luck
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ShaiLise transfer function, G (s) =Xy(s)/F(s), for the translationd! Mechanical system shown in Figure (8 Pt)
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2. Find the state equation for the circuit shown below. )
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Islamic University of Gaza

Electrical Engineering Department
EELE 3360 Control Systems
Mid-term Exam (April 6, 2023)

Dr. Basil Hamed

Exam Time 1:00-2:00
Name:

ID #

1. Find the transfer function 1(s) / T(s). (8 Pt.)

I,

8,06) . 040 B =
\ [_ Ky [
() I
v Flexihle #

nn shaft
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Solution
d°e K 1 dé,
——t=——(f# -8 )+—T E(# -0 )=B—
dr’ J T S dt
I
-| 1
O,(s) Br+ K

T(s) s(BJs +JKs+BK)



2. Find the state space model for the circuit shown below.

Solution

(10 Pt.)

R

L

AVAYA

vo(t)




3. The dynamics of a system are governed by the equation (6 Pt.)

X, =x5+ x5 +5x;, —90+u
X, = sin (x1) + x, —1.243+3u

Find a linearized model at the equilibrium point x; = x, = 2

Solution



4. The system has transfer function (6 Pt.)

RON 5(S+1)
T UG) S(S+2)(S+10)

G(s)

Obtain state space model for above system using cascade (series) decomposition

Solution

' 4 1 )
Ges) = I"I[s}= 595+1) ={E)[ 5 IJ[ 1 ]
U(s) s(s+2)s+10) Ls/\s+2/ 5+10

State diagram:

1 5 5 1
u - %, Xy Xy y
-10
State equations: (D =Ax(N+Bu(h
0 1 0 0]
A={0 -10 -1 B=|2
lo o -2 |51

y(t)= C x(t) + D u(t)
C=[100]

G0O0D Luck



Islamic University of Gaza
Electrical Engineering Department
EELE 3360 Control Systems
Mid-term Exam (April 3, 2022)

Dr. Basil Hamed Exam Time 1:00-2:00
Name: ID #
1. Find the transfer function X>(s) / U(s). (10 Pt.)
u — ——— 1.
- [,
7L /
}ﬁ k| _l:} J:TQ g
g-*w-—— - AW my AW ;g
4 7
A b (@] () () ba &
B e e o o o o o o f".ff,f“.-“f/:'

N,x‘, -—l‘;?{;*h:ﬂ*k;{i;—f:.}""“

My "t":l = =k zl_‘lkz_—'kl (%2~ x;)
Rewriting, we have
M.l‘;}"'-&li‘q +k.|‘ x}+klx;= d‘;-ﬂ.’,_'{-&t

My, + %, + he Tu t Ay X, =y x,

Assuming the zero initial condition and taking the Laplace transforms of these
two equations, we obtsin '

(2 s*+ b5 k)t hs )Xo (@) = ks Xol5)+ V) (1)
(";Il+&;s+j,_+ kl)X:{-r)=f.rX: 6) (2)
By eliminating X;(s) from Equations (1) and (2), we get

(”;I!"‘Pb;f‘f'*;f",)k’(.l)- h‘

mast+b, s+ ko +hs

X6+ U()

_Xib)  _ My S by ¥ ka + ks

UG) ~ (ms*+ bsthithks)(mes +bsstkztks) —Ki
Fram Equation (2), we obtain '

x:f’.) - ks
Xi(5) Mot by sy ha ks
Yafs) _ X9 X6 _ Rz

Ts) X@ TE) (mi5%+ by s +K ﬂ:)(h R D



2. Find the state equation for the circuit shown below. (10 Pt.)
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3. The dynamics of a system are governed by the ordinary differential equation

2!\.-

Linearize the above nonlinear system at yo = 1,y =y, = 0,ug ==
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4. The system has transfer function (6 Pt.)
Y(s)  10(s+2)
U(s) s'(s+1(s+3.5)

Gi(s) =

Obtain state space model for above system using cascade (series) decomposition

_¥(s)  10(s+2) (10
U(s) s'(s+D(s+35 s

[ s+2

s+l

State diagram:

-1
10 :: .
" Hh Hh
-3.5
State equations: (1) = Ax(t)+ Bu(r)
(0 1 0 0 ] 0]
0 0 1 1 0
A= B =
0 0 -1 1 0
0 0 0 -35] 110
Output equation y=[1 0 00]x

GO0D Luck



Islamic University of Gaza
Electrical Engineering Department
EELE 3360 Control Systems
Mid-term Exam (April 24, 2021)

Dr. Basil Hamed Exam Time 12:00-1:00
Name: ID #
1. Determine the differential equations describes the motion of the system (5Pt
4
Mass

Solution

mi +koy+ki(y —¢q)=f
bg+ ki(y —q) =0



2. Find the state equation for the circuit shown below.

Solution

The node equations are

Define the state variables

Then,

where

(8 Pt
4 k1 2mH
AN Y Y YL
) é_) "li/I\ 0.25 mF ‘-".‘_/"'\ 0.5 mF 1 kO
dvy . v; —
0.00025— + 77 — =
2 "L 1000
dvy . v .
0.0005—= — — i3 =10
& LT igo0  ®
0.002 L — 0
. I +wo —1vy =0U .
Iy =1 Io =11 ;L'gZ'iL.
x=Ax+ Bu
—1 0 —4000 1 0
0 —2 2000 B=1|0 2000
500 —500 0 0 0




3. A plant has the response, c(t), to a unit step, r(t) = u(t) as shown below, From the graph, estimate the

settling time, % overshoot and the transfer function (7 Pt.)
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4. The system has transfer function

Y (s) i
=T(s) = 3 2

R(s) s* + 10s% + 31s + 30

Obtain state space model for above system using Parallel Method
Solution
—3 0 0 1

X = 0 -2 O | X+ 17T

0 0 —5 1

N R

=16 3 "2/

GOO0D Luck

(5 Pt.)



Islamic University of Gaza
Electrical Engineering Department
EELE 3360 Control Systems
Med-term Exam (April 18, 2010)

Dr. Basil Hamed Exam Time 8:00-9:30
Name: ID #
1. For the Mechanical system shown, Write the differential equations, and find the state equation. (7 Pt)
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) Linearise the following differential equation around the point xi(t)=x2(t)=u(t)=0 4 Pt)

3 (1)~ 2%,(0) —u(t) * x,(£) =0
3, (1)~ 3%, () —sin(x, (1)) u() = 0

2. a

, and obtain the state equation for the system.

7‘<) = 2% 4w Xy
X2 = 3x+ + sinCxXy) +

X, 2 u/]I ] {] =
kL > COS X\ } ‘ )(\:X’L;u =©

K‘ :X'l -U=0
() Ky S
X K A R %3 N I‘} "
Ko .
b) Solve the following state equation and output equation for y(t), where u(t) is the unit step.
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EC E 1 g ' Islamic University of Gaza

Electrical and Computer Engineering Department
r‘wﬂ‘ &

Dr.

A EELE 3360 Control Systems
i Lk Med-term Exam (April 28, 2009)

Basil Hamed

Exam Time 11:00-12:30

1. Consi

L

sider the following mechanical system where T(t) is applied torque; 751 -][’Ji.i'+f? and TH? _‘:-::9 are
dampi ey K=

mping force; K=20 and J=1 are spring stiffness and inertia
a. Find the mechanical system differential equation

(3 Points)
b. Linearize the above nonlinear system at ¢, =0, ¢, =1, 6,=0 (4 Points)
¢. Find the Linearize transfer function

(3 Points)
(4)= KO+ TR+ TRAX +J O

T
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2. The system is described by

A=E_U3 _]4J 5=[|] c=[2 1] d=0
a) Evaluate state transition matrix. _ -{ ﬁ““‘k | {3PT.)
~\ g { e '_l____
@l%\:‘- (";I""&"\ '[".} FER = (Suﬂ#*‘il{fﬁ F‘l

i -4 « 3% -4k i
aP "“;f » = I 7€ . g =" .
' g {'—‘:5{“?5 = E’:rl -2 & i ) a4

-36_-:' - 3€ -€ 413€

b} What is the response of the system due to input of e and inili:_i_l_l:umlitiun x(0) =-1, x(0)= 1. (5PT.)

. i S
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'} What is the system transfer function? (2PT.)
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3. a) Find the closed loop transfer function. (2 FT.)
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b) For K=0 will the system oscillate, given step input? (2 PT.)
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¢) What value of K will makes the system eritically damped? (2 PT.)
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i) Assume now thai &= 0.5. What is the steady state value of ¢(t) for step input of amplitude of 1.5, what is % overshoot
and what is settling time? P (4 PT.)

| ©
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gf’{ EC F ]E_‘ Islamic University of Gaza
%‘;’ i, § Electrical and Computer Engineering Department
% e v@&é EELE 3360 Control Systems
Aot Med-term Exam (April 8, 2008)

Dr. Basil Hamed Exam Time 11:00-12:30

1. In the system shown in Fig. 1 :
a. Write the differential equation of the system. (4 Points)
(3 Points)

b. Write the state equations
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10(s +2)
s*(s+1)(s+3.5)
certain that the state diagram contain a minimum number of integrators. Write the state equation from

2. Draw state diagram for the system G(s)= by means of Parallel decomposition. Make

state diagram. (7 Points)
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3.

The system is described by

A:[_Oz _IJ B:M c=[ 1] d=0

a) Evaluate state transition matrix. (3 PT,)
b) What is the response of the system due to input of unit impulse and initial condition x,(0) =1, x,(0) =0. (5 PT.)
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4. Consider the block diagram shown in Fig. 2. Determine appropriate value for K;, and K, to achieve
overshoot of 20 %, and settling time of 2 second for a unit step input. (8PT.)
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EXTRA CREDIT:
Name the textbook used in this course and name the author of the textbook (2 Points)
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Islamic University of Gaza
Electrical and Computer Engineering Department
EELE 3360 Control Systems
Med-term Exam (April 12, 2007)

Dr. Basil Hamed

Exam Time 11:00-12:30

1. A vehicle towing a trailer through a spring-damper coupling hitch is shown in Fig. 1, y(t), the
displacement of the towing vehicle; y,(t), the displacement of the trailer; and f(t), the force of the

towing vehicle.

a. Write the differential equation of the system.

b. Write the state equations
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(4 Points)
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2. Represent the electrical network shown in Fig
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. 2 in state space, where v,(t) is the output. (8 Points)




3. The system is described by (8 PT.)

d‘{l
— =x, +ul(t
el ®
dx
d_tz =x, +x, +u(r)
Where u(t) = 1 for t 0. The initial conditions are x;(0) =1, x»(0) = 1. Determine state vector x (t)

for t >0.
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4. A second order system settles to a final position of 5cm in a time of 2 seconds in response to a unit
step input. The response of this system is oscillatory with damped frequency of 3 rad/sec. Give the

transfer function for this system. (7 PT.)
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Islamic University of Gaza
Electrical and Computer Engineering Department
EELE 3371 Control System
Med-term Exam
March 26, 2006

Dr. Basil Hamed Exam Time 11:00-12:30
Name C)@\\)‘(‘tO/\]
Student ID
Grade

600D LUCK



1. a) The Dynamics of certain plant can be represented by the following differential equation

Y (£) + 0.1y (6) +sin( (1)) = u(t)

This may also be written in the form

F @y, 3. 9) =y (6)+0.1y(t) +sin( y(£) —u (1)

It is desired to regulate the plant around the equilibrium, u, = L, Yo = %, ).zo =0 Find the Linear
State Space model of the plant (7 PT.)
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2. a) Write state equations and output equation for the system shown in Fig 1. (4 PT.)
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3. A journal bearing, mounted on shafts that are assumed to deform, is modeled by the diagram
shown in Fig 2.

a) Write the differential equations of motion for the system, with the applied torque on the outer

bearing. (5PT.) B
b) Obtain the state equations for the system (5 PT)
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Islamic University of Gaza
Electrical and Computer Engineering Department
EELE 3371 Control System
Med-term Exam
March 31, 2005

Dr. Basil Hamed Exam Time 10:00-12:00
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1. a) For the circuit shown in Figure 1, find the state model with the state variables as
defined in the circuit diagrams (4 Points)

b) Find state dlagram &Pom‘l’s) :vt/\' NR : ,
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2. Consider the mechanical system shown in Figure 2, where m= 0.1, k;=6, k; =4, b=0.4.
Assume that u is the input to the system and is a force, y and z are displacement.
Considering displacement y is the output, obtain the transfer function. Also, obtain a

state model representation for the system. (10 Points) ey
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3. Consider the closed-loop control system in Figure 3(a) and its simulation diagram in

part (b) of the Figure.
a. Write the state equations for the control system
from the simulation diagram. (4 Points) . Compensator Plant "
b. Find G, (s), the compensator transfer function, and g Gls) > Gyls) ’
Gy (s), the plant transfer (6 Points) -
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1. Consider the closed-loop control system in Figure 1(a) and its simulation
diagram in part (b) of the figure.

(a) Write the state equat
diagram.

(b) Find G (),
transfer function, directly from the simulation diagram.
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ions for the control system from the simulation

(6 Points)

the compensator transfer function, and Gy (s), the plant

(6 Points)
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2. Consider the mechanical system shown in Figure 2. This system is a simplified
model of an automobile suspension system of one wheel, with M, the mass of the
automobile, B the shock absorber, K the springs, M, the mass of the wheel, and
K, the elastance of the tire.

a) Find the state model of the system (8 Points)
b) Find state diagram of the system shown in Figure 2. (4 Points)
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Consider the system

Sa)

P

-
1 . —
[ —L=sin x, +x; +4u =
df~—__"_

R

dx?:x +2de1x = 7(‘ X~ Sin' g
dt 2 dr 3 = L = X} X > )(; S\v\f} 19'7(} —t%?‘gvt
3 = a g
= =X, U+ X, COS X, {3
Find the lineariezed state model approximation for the above system about
nominal point Xo= Xo2 = Xo3 =uo =0. (6 Points)
A% 2 D M‘ & ¥y |
PN > ¥ DT R 6%
} ":L . ¢ &L \(3 (l - o { "Y}X3CU”} 25 3—““9»)
| o L
B b b L e
q—— - - \V\
e o/ o7y Ty WS
L YU o Koy ho
F 2 t
o { ( wit {
s "g‘\k
Q t O ‘\f . B 6 )('3 = (9
b B |7
O = |
O 2
(= ( , - X\ 0
RS ‘{' 3
] W /7('1\” o ‘7(‘" Wo
EXTRA CREDIT:

Name the textbook used in this course and name of author of the textbook (2 Points)

eyt Lok A Ut oweatic Conlrol Y stRma 7R <d.
i\,\_’jﬁ—: 2 eny O WA K G0



¥y

%"1 —




Islamic University of Gaza
Electrical and Computer Engineering Department
ENGE 3371 Control Systems
Midterm Exam

April, 13th 2003
Name: . 11:00- 12:30
ID# ’ Dr. Basil Hamed
1. consider the system
x., = x2 + x, cosx, = L
x.2 =% +{x, +1)x, +x, sinx, =3 /3\
Find the lineariezed approximation about nominal point x¢=0. (6 Pt.)
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2. For the electrical system shown in Fig. 1, Find

a) State Equations
{p) Transfer function V(s) / Via(s).
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3. Consider the system consisting of two masses and three springs shown in Fig. 2
the masses are on wheels which are assumed to be frictionless. The input f{t)
to the system is the force f(t) applied to the first mass. Find

a) state equations, (7 pt.)
b) state diagram. (5pt.)
/] Figure 2
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