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Question 1: Solve the following guestions (28 marks

a) Convert the following equation from transfer function form to state space model
form x=Ax+Bu, y=Cx+Du

Y(s) _ 45 +2
U(s) s*+5s*+8s+10




b) Using mason theorem, find the overall gain of the control system represented by
the following signal flow diagram.
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c¢) If the open loop transfer function G(s)H(s) = has the following

direct polar plot. Determine for the c¥osed loop system gg; =1 Gii;;{(s) = ‘;g; ,

the number of zeros of B(s) on the right half of s-plane Z,, the number of poles
of B(s) on the right half of s-plane P, and the number of unstable poles in the
closed loop system if they exist.
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d) Consider a closed loop DC motor system with negative unity feedback, and a
forward compensator C(s) added in series with the DC motor to control the
applied voltage to DC motor. The transfer function of motor angular speed
w(s) 10
V(s) (s+3)s+8) _
derivative = compensator with  the  following transfer function

2 » .
Cls)=K (1+s+—1—)= K(s +s5+1) =K(s+0.5+_10.8666)(s+0.5 10.8666).
s s s

Sketch roughly the root locus of the closed loop system.
Note: You don’t need to do root locus calculations.

TOTA w(s)

C(s) Motor

. The compensator is assumed to be proportional integral

-




¢) Mention on the following table what are the ranges of the damping coefficient
that causes the following system responses. ’

The transient response

The range of damping coefficient ¢

System is unstable
increases without bound.

and response

The system is damped with maximum
overshoot >0.

The system is damped with maximum
overshoot =0.

“The system is critically damped.

System responses are pure sinusoidal,

f) Indicate on the following table using a right mark (V) whether the following

types of controllers will

- Improve the controlled system response and reduce the settling time.
- Reduce the steady state error in a controlled system.

error

Reduces the steady state

Improves the transient
response and reduces the
settling time.

Proportional integral
controller

Proportional derivative
controller

Phase lag compensator

Phase lead compensator

Lead lag compensator

Optimal state feedback
controller with tracking
capability




Question 2: Solve the following questions (36 marks)

Given that a closed loop negative feedback system with the following transfer
functions for the forward and feedback gains:

) == N H(9)=—
(s +6s5-16) (s—2)*(s+8) (s +6)
The objective is to plot the root locus of the open loop transfer function G(s)H(s)

and to obtain the system transient response when £ =0.342

a) Calculate the real axis intercept of the asymptotes and the asymptotes of the root
locus as s approaches infinity.

b) Sketch roughly the initial estimate for the root locus of G(s)H(s).



¢) Calculate the breakaway point on the real axis and the value of loop sensitivity
K at the breakaway point if exist.



d) Write the overall system gain %?—% of the negative feedback system.
s

¢) Calculate the imaginary axis crossover points and the value of loop sensitivity X
at the crossover points if exist.




) Draw the root locus of G(s)H(s) based on the results obtained in the previous

parts.
RoulLocus
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g) If a radial line corresponding to £ = 0.342 is drawn on the graph, determine the
dominant poles and the value of loop sensitivity K at these points.

h) Calculate any additional roots using the grants rule.
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i} Write the overall system transfer function % with the value of gain and roots
§

calculated previously corresponding to £ = 0.342, and then determine the transient

response of c(f) for a unit step input r(t) = u(t). What is the steady state value of the

output?
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Question 3: Solve the following questions (36 marks)

The objective is to draw the bode plot and the polar plot for the following open loop

transfer function
. , 15
G(jo)H(jo) =

Jo(1+0.015j0+0.022 (jw)*)

a) Complete the following table:

Term Cutoff Log magnitude Angle equation
; frequency equation of the of the
If exist asymptotes asymptotes
15
1
Jjo
1
1+0.015j0 +0.02°(j@)?*)
J
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b) Complete the following table to calculate the log magnitude and angle at certain
frequencies in the composite curve.
Note: Consider the correction at cutoff frequency.

Frequency Log Magnitude at that Angle at that frequency
frequency
{Not required)

0

Decade before first cutoff
Arequency

0.1o,

First cutoff frequency
a
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Angle at that frequency

Frequency Log Magnitude at that
frequency

Decade after cutoff frequency

10w,

INFINITY {Not Required)
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¢) Draw the composite log magnitude and phase curves for overall open loop
transfer function. :
15
jo(+0.015j0+0.02*(jw)*)
Note: In the following bode diagram, put the scale that is suitable with your
analysis and results,

Gjo)H(jo) =

Bode Diagram
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d) From the composite log magnitude and phase angles curves, estimate

Gain crossover frequency:

Phase margin:

‘Phase crossover frequency:

Gain margin:

e) Indicate with reasoning if the closed loop system stable or not. If the system
stable calculate the gain that will cause the system to be unstable.
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f) Draw roughly the polar (Nyquist) plot for the previous open loop transfer

function G(jo)H(jo)= 13 > 5
Jo(1+0.015j0+0.02°(jo)*)
location of phase crossover frequency and gain crossover frequency. What
should be phase crossover frequency and how much the gain margin?

Note: You can utilize some of the results obtained in the bode plot section in order to
draw the polar plot.

. Mention on the plot the
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