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Solve as much as you can (questions in two pages)

01

a-Find the state space representation for the field-controlled DC motor?

[inputs are Vi, TL& outputs are speed ,torque & states are speed, current, angular displacement]
b- Find the state space representation for the armature-controlled DC motor?

[input is Vi & output is speed & states are speed, current]

Q2

Consider a control system has the following transfer function
Y(s) S2+S5+6
U(s) S2+25°+35+4

a- Find the state space representation?

b- Draw the state space block diagram?

Q3

Consider a control system has a step input and the following state space representation

a=[7 9.B=[}.c=11 11D=]0]
1 0 0
a- Find the transition matrix? b- Find the states?  c- Find the output?
d-Find the transfer matrix? e-Find the chara.equa.?
f- Find the eigen values? g-Find the closed loop poles?

h-1s the system complete controllable &observable?
I-Write a short MATLAB program to solve a,b,c,d,e,f,g.h?

Q4

a-Write and draw five controller arrangements?




b-Write six controller types depending on its control actions?
c-Write three compensator types depending on its function?

d-Explain the main functions of the P, PI, PD controllers?

Q5

An arrangement for controlling the viscosity of fuel oil is shown in Fig.1 in which heating is
achieved by steam. A controller receives a feedback signal from the temperature sensor is
used to control the steam throttle valve. The transfer functions of the main components are:

Controller = G(s) Valve = ﬁ heated process = % sensor =1
+

a- Draw the block diagram
b- Study the system (stability, step response) when

(i) Ge(s) = Ky=10 (i) Go(s) = Ky + Ki/S
(iiii) Ge(s) = Ky + K¢S (iv) Go(s) = K, + KifS + KgS
Fuel in l T Fuel out
Controller Sensor
—|:| Heater
Steam ] ] Steam
inlet outlet
> > e
Valve

Fig. 1 controlling the viscosity of fuel oil
Q6
Consider a unity feedback control system has an open loop T.F=[4/(S*+2S)]. It has

a=[% Als=[].c=wolo=p

a-Find the state feedback controller (gain) using the pole placement method such that
the new closed loop transfer function is = [9/(S°+3.65+9)]?
b-Find the [My, t;, t;, & es(t)] with and without the controller?

c- Write a short MATLAB program to solve a?



Model Answer
Q1
a-Find the state space representation for the field-controlled DC motor?
[inputs are Vi, TL& outputs are speed ,torque & states are speed, current, angular displacement]
-rotational motion YT =]J6; =]Jw, =T, —fw, —T,
Where: J=moment of inertia, ©," =acceleration, T=torque

Kirchhoff's law; the algebraic sum of all voltages around a closed loop in an electrical circuit at
any given instant is zero.

n .
loop voltage = Z Vioop =0, Vi = iR¢ + L¢3, Ty = Kig — —
1
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b- Find the state space representation for the armature-controlled DC motor?
[input is Vi & output is speed & states are speed, current]

X =AX+BU ,Y=CX+DU

[‘;:r]= Ky i lwrl H o, =1 o]llrl + [0]V,

a

Qa- Find the state space representation?



Y(s)  S*+S+6
U(s) S3+28S2+3S+4

A=

0 1 0 0
0 0 1(,B=[0of,C=[6 1 1],D=1[0]
-4 -3 -2 1

b- Draw the state space block diagram?

03

Consider a control system has a step input and the following state space representation

A= [_7 _1(’],3 = H,C =[1 1],D =[0]
1 0 0
a- Find the transition matrix? b- Find the states?  c- Find the output?
d-Find the transfer matrix? e-Find the chara.equa.?
f- Find the eigen values? g-Find the closed loop poles?

h-1s the system complete controllable &observable?

i-Write a short MATLAB program to solve a,b,c,d,e,f,g.h?

> D)
wir) x(£) x{8) yiry
— " B :b? Jde —‘—‘ﬁ Ciry

Al pEe——

a- Find the transition matrix=[SI-A]*

_[S+7 10

[sr-a1=>7" ]

phis = [s1- A" = [>+7 10]_1: ! 3 10
-1 sl TsE+n+10 1 s+7

Phi(t)=inverse Laplace of phi(s)

[ (5*exp(-5*1))/3 - (2*exp(-2*1))/3, (1L0*exp(-5*1))/3 - (10%exp(-2*1))/3]



[ exp(-2*1)/3 - exp(-5*t)/3, (5*exp(-2*1))/3 - (2*exp(-5*1))/3]

a- Find the states=X(s)=phis*B*U(s)= xs =[1/(s"2 + 7*s + 10); 1/(s*(s"2 + 7*s + 10))]
X(t) =inverse Laplace of x(s)= [exp(-2*t)/3 - exp(-5*1)/3; exp(-5*t)/15 - exp(-2*t)/6 + 1/10]
c- Find the output=Y(s)=CX(s)+DU(s)=[1/(s"2 + 7*s + 10)+1/(s*(s"2 + 7*s + 10))]

Y (t) =inverse Laplace of Y(s)= [exp(-2*t)/3 - exp(-5*t)/3+exp(-5*t)/15 - exp(-2*1)/6 + 1/10]
Find the transfer matrix=T(s)=C[SI-A] 'B+D=(s+1)/(s"2 + 7*s + 10)

Find the chara.equa.= det(SI-A)=(s"2 + 7*s + 10)

Find the eigen values= the closed loop poles=roots(chara.equa.)=roots(det(SI-A))=-2,-5

Is the system complete controllable &observable?

1

cont =[B AB] = [0

_17], |cont| = 1 then complete cont.

obsr =[C' A'C']= [1 __160] ,|obsr| = —4 then complete obser.

Write a short MATLAB program to solve a,b,c,d,e,f,g.h?

a=[-7 -10;1 0];b=[1;0];c=[1 1];d=[0]; syms s;I=eye(2); phis=inv(s*I-a), ilaplace(phis),
xs=phis*b*1/s, ilaplace(xs),Ys= c*Xs, ilaplace(Ys), Ts=c*phis*b+d,

char=det(S*I-a), eig(a),roots(char),cont=ctrb(a,b),det(cont), obs=obsv(a,c), det(obs),

Q4

a-Write and draw five controller arrangements?

1-cascade arrangements 2-feedback arrangements
3-feedforward arrangements 4-state arrangements

5-compound arrangements

b-Write six controller types depending on its control actions?



Classifications of industrial controllers.
according to their control actions as:

1. Two-position or on—oft controllers

2. Proportional controllers

3. Integral controllers

4. Proportional-plus-integral controllers
5. Proportional-plus-derivative controllers

Industrial controllers may be classified

6. Proportional-plus-integral-plus-derivative controllers

c-Write three compensator types depending on its function?

1-Lead compensator 2-Lag compensator 3-lag-Lead compensator

d-Explain the main functions of the P, PI, PD controllers?

1-the P controllers reduces the rise time

2-the PI controllers reduces the steady state error

3-the P controllers reduces the maximum overshoot

Q5-
Amplifier=Controller = G¢(s)

sensor =1

b- Study the system (stability, step response) when
(i) Gc(s)=Kp=10

(iii) Ge(s) = Ky + KS

1
Reference |

input
Actuator

Actoating
error signal

________________________

actuator=Valve* heated process =

(ii) Ge(s) = Kp + Ki/S

(iv) G(s) = Kp + Ki/S + K¢S

Output R(s) Cis)
——

His)

i ———

Ge(s) G (s) = 10¥10/[S(S+1)],

, step=R(s)=1/s



Cls) w?
R(s) 52 + 2w,s + o

Underdamped case (0 < { < 1): In this case, C(s)/R(s) can be written

Cls) o,
R(s) (s + Lw, + jog)(s + Lw, — joy)

LC(s)] = e(r)

_ 4 :
— . L, _
1l —-e (cﬂsmdf + msmmdr)
& G ( 1 — ;2)
=1 — ———sin{ wyt + tan™
V1 —¢

C(s)=100/[s(s2+s+100)], C(t)= (200*3997(L/2)*exp(-t/2)*sin((3997(1/2)*1)/2))/399

Q6
Consider a unity feedback control system has an open loop T.F=[4/(S?+2S)]. It has

A= [_04 _12],3 =[9].c=1401,D =10]

a-Find the state feedback controller (gain) using the pole placement method such that

the new closed loop transfer function is = [9/(S°+3.65+9)]?

b-Find the [My, t, t,, & ex(t)] with and without the controller?

c- Write a short MATLAB program to solve a?

H=[h1 h2];det(sl-A+BH)

S -1
ST=A+BHI = |, [h1 s+2+h2

=s’+s(h2+2)+hl1+4
Then h1=9-4=5, h2=3.6-2=1.6

a=[0 1;-4 -2];b=[0;1];c=[4 0];c=[0];r=roots([1 3.6 9]); acker(a,b,r)



G1s=4/[s°+4s] without

G25=9/[s°+3.6s] with

K, = im G(s)

=00

=00

1
oy = - 0 0
&5 1 4 KF
K, = limsG(s) 1 9/3.6
—+
o = L 1 3.6/9
=5 Ku
K, = lims°G(s) 0 0
‘- 1 =00 =CO
feg = E
o = {w,
{, =47 = —=— (2% criterion)
= -1 ﬂ
B = tan pn
{ = T B
Wy
wy = mﬂ\/i - {é

'EWP = (,_.‘{ﬁ ! \‘I"_?}"

L C(s)] = e(r)
e*-{w,,f

Vi-¢

=1-

sin(mdr + tan™

Vi-¢

)




