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1-a) 1-a) For the system whose signal flow graph is shown in Figure 1, Find:
(i) the transfer function

(if) The steady state error for unit input
(iii) The expression of y(t) for unit input

Figure 1

1-b) If the transfer function of a system is given by:

M) S+ S +2

T3 2
U(s) s +4S° +55 +2

i) Obtain a state-space equation and output equation for the system defined by
i) Draw a signal flow graph represents this system.

2- a) Determine whether the standard feedback system is stable for the following cases, and justify your answers. If
the feedback system is unstable determine how many of its poles are in the right half plane.
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Figure 3

b) What is the type of the system for the given three casees, determine the steady state error for unit step, ramp, and
acceleration inputs.

3-a) Consider a unity gain feedback control system. The plant transfer function is G(s)=1/(s"2+5s+6). Let the controller be of the

form C(s) =K(s+2z)/(s+p). Design the controller (ie choose K, z, p>0) so that the closed loop system has poles at ~ 1+j
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3-b) For the control system shown in figure 3, sketch the root locus for the following three cases, indicate its direction, where K =

0, where K = oo, and if they exist, find asymptotes.
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Figure 2
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(i) Gg(s)=1., (i) G(s) =s+1l (PD compensation),
For the appropriate choice of compensator, use root locus and Routh Hurwitz techniques to find the range of K for

an under damped response.

4-a ) Bode Plots of a stable plant Gp(s) are shown in Figure 4 below. Design a proportional controller G(s) = K, so that the steady
state error for a unit step input is as small as possible, and the gain margin of the feedback system is greater or equal to 5 db.

Figure 3

(i) Ge(s) =1+1/s

Bods Diagram
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4-b) Consider the following system where G(s) is a transfer function. Asymptotic Bode plots of G(s) is given in

Frequency [radEec)

Figure 4

figure 5 below. For calculations, you may use these Asymptotic plots.

i) Find the gain margin of the system.
i) Find the phase margin of the system.

iii) Find the transfer function of the system. .
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Figure 5

Note : justfy your answer
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1-a) The signal flow graph of the sysytem shown in Figure 1. List all loops, , and use Masson rule to find the transfer function

of the given system.

MRish

Figure 1

Loopsare L;=-5/s , L,=-2/s , Ly=-3/s
Pathsare  M;=-20/s M,=-10/s, M= 30/s

A=1- (L1+ L2 + L3 ) + ( L1L2+ L1L3 +L2L3 ) - (L1L2L3)
A =1+ 10/s +31/s* +30/s°

Ay = 1 + 5/s +6/5

A, =1 + 8/s +15/s?

A3 =1+ 7/s +10/s*

30 30
TE= MAA+MA+M A, s 30(s+1)
A T 1+10/s +31/s2 +30/s° 52 +10s? + 315 + 30

ii) For unit step input R(s)=1/s



then Y(s)= { 30(s +1) Jl

s® +10s* +31s+30 |s
The steady state value of Y = y(o0) = Iirrg sY(s)=1
S—
The steady state error is 0
1-b)
If the transfer function of a system is given by:
Y(s) _  S*+S+2

U(s) S®+4S2+5S5+2
Devide both numenator and denomenator by s*

1,12
_ s s* &8
4 5 2

I+ —+—+—
s s? s’

we get

i) signal flow graph represents this system

U(s)
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2-b) System (a) is type zero with kp =10 . k, =,0 Kk,=0,

And the steady state errors for unit step, ramp, and acceleration inputs are respectively 1/11, oo, oo.
System (b) is type one with kp =0 . k, =,-2.5 k=0,

And the steady state errors for unit step, ramp, and acceleration inputs are respectively 0, -0.4, c.
System (c) is type one with kp =0 . k,, =,0.4, k=0,

And the steady state errors for unit step, ramp, and acceleration inputs are respectively 0, 2.5, c.

3-a) Consider a unity gain feedback control system. The plant transfer function is G(s)=1/(s"2+5s+6). Let the controller be of the

form C(s) =K(s+z)/(s+p). Design the controller (ie choose K, z, p>0) so that the closed loop system has poles at ~ 1+j
U Y
G Gp
Figure 3
K(s+2)

The open loop transfer function is given by C(S)G(S) = >
(s+p)(s”+5s5+6)

K(s+2)
(s+ p)(s® +55+6)

=0 which is reduced to

The characteristic equation is given by 1+

(s+p)(s*+55+6) + K(s+2) = 0

$*+(5+ p)s® +(6+5p+K)s+(Kz+6p)=0

The function is devisible by (s+1-i)(s+1-i) i.e devisible by s*+2s+2

ie s®+(5+p)s®+(6+5p+K)s+(Kz+6p)= (s*°+2s+2)(s+a)=0
(s*+2s+2)(s+a)=0
(s°+2s+2)(s+a)=s’+(2+a)s*+(2+2a)s+2a=0

Comparing the coefficients

S+p=2+a=.p>0=a>3



6+5(a-3)+k=2+2a

k=11-3a=a< 1—31

kz+6p=2a—>kz+6(a—3)=2a
z(11-3a)=18-4a—=a <1—31:> z>0

Multiplying the coefficient of s> by 2 and subtract the coefficient of s

4-3p—-k=2—>k+3p=2

O<p<§ﬂ<k<2
kz:2a—6p:>2<kz<2—32.'.z>1

S0=< p<§,0<k<2,z>l

3-b) For the control system shown in figure 3, sketch the root locus for the following three cases, indicate its direction, where K =
0, where K = oo, and if they exist, find asymptotes.

1
(s-1)(s-2)

Y

G.(5)

Figure 4

(i) G(s)=1., (i) G(s) =s+1 (PD compensation), (iii)G.(s) =1+1/s (Pl compensation).
For the appropriate choice of compensator, use root locus and Routh Hurwitz techniques to find the range of K for
an under damped response

(i) K 0 5
GE-00s-2) peer %= 77z




Because of the root locus typically approach the asymptotes as in (iii) , but may also lie on the asymptotes as in (i)
and (ii)
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4-a) Bode Plots of a stable plant Gp(s) are shown in Figure 4 below. Design a proportional controller G¢(s) = K, so that the steady
state error for a unit step input is as small as possible, and the gain margin of the feedback system is greater or equal to 5 db.

Booe Diagram

Magnitude (dB)

Frequency (radses)
Figure 5
The proportional controller does not chsnge the phase but it does change then gain only
We can shift the Bode plot representing the gain 6db and keep a gain margin of at least 5db as shown in figure below



Bloge Diagram

Magnitude (dB)}

Frequency (radsec)

As o tends to zero the gain approaches 10
..10=20log kp = kp =3.16

Before the controller kp =10%% =1.585

The steady state error for unit input €, = as the system is zero type so

P
The steady state error is reduced from approximately 0.4 to approximately 0.25

4-b) Consider the following system where G(s) is a transfer function. Asymptotic Bode plots of G(s) is given in figure
5 below. For calculations, you may use these Asymptotic plots.

i) Find the gain margin of the system.

iii) Find the phase margin of the system.

iv) Find the transfer function of the system. .
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