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1. a) Figure (a) sl;ows a first order system for R{sg) 1 C<s) R¢s 1 |: CCs
which you would like to improve the response 4 (s+1) —> K (s+1) 7

time. Assuming you place contro} devices on -
this system as shown in Figure (b), what must
the values of K, and Kt be in order to bring
the settling time down to 1 second while

leaving the magnitude of the steady state Figure <a> x
output unchanged? (6 PT.) - ___ - ,..
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b) 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. (8 PT.)
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2. a) Write the equations of motion for the system in the time domain (4 PT.) f - ﬁ m m/;,_
foom X, Lo 4b(X,-% ) ¥ k (=% b " 6
Figure 2
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b) The system is described by (8PT.)

dx;
— =X, tul(t
5 = a0

dx
d—t2 =X, +x, +u(t)

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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3.2a) The block diagram of a control system is shown in Figure 3 -
1 _ |
G ks G"(S)=s3+6s2+105 )
g (\S\*Bt.\) H(s) |
H(s)=1
Sketch the root locus with respect to K for the system showing in
Figure 3. Also find the value of K with locations of poles when the R-L crosses the imaginary- axis, if any. (10. PT.)
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b) Write state-space equations for the transfer function (using canonical form) (4 PT.)
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4. Consider the plant transfer function shown in Figure. 3 (5PT.)

Gp(s)=

s*(s+7)
(a)Find steady-state error due to a unit step, a unit ramp, and a unit parabolic. For G(s) = K, and unity feedback.
(b) For the gain G¢(s) = 5 and feedback H(s) = 0.2(s + 5), find the steady-state error due to a unit step, a unit ramp, and a unit parabolic.
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C) Choose the right answer; (5 Points)
i. A glass bulb thermometer is immersed in a hot water bath or 1 minute reads 98.2% of final temperature. The thermal
time constant of the thermometer is?
a) 2.3456 (b)0.2489
c) 0.4978 d) 4.017

ii.  The transfer function of the plantis G(s) =

! ; and the feedback path H(s) = (s-b). the value of b for

Which the system will be stable is

a) b>0. (’b% b<0.
<-1.
¢) b>1 9 b<-1
iii. The effect of addition of a pole to an open-loop transfer function will
a) Pull the root locus towards the imaginary axis. b) Pull the root locus to the right of imaginary axis.
¢) Have no effect on the root locus. @Pull the root locus to the left of imaginary axis.

iv. When the gain k of a system is increased, the steady state error of the system
a) Increases. b) Remains unchanged.
¢) May increase or decrease. @Decreases.

v. Open loop control
a) Takes account of actual output and compares this to desired output b) has feedback
@ls blind to actual output. d) Results more accurate than closed loop system



