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1.  a) A plant is described by the following differential equations: (SPT)

x1=3x, +sin x, +S5u

x2=4sin x, +2ucos x, +3x;

Find the lineariezed state model approximation for the above system about nominal point x¢1= Xo2 =ue=0.
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b) Given the following connection equations for the servomotor shown in Figure 1, derive (10 PT)

the equations of motion (governing equations)
for the system. Then find the state space model

that describes the system. Where:
K, =torque constant, K, = back-emf constant,

e, (t) =back emf
e, (t) = system

t(t)= K, *i,

e, (1)=K, *
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2.a) Determine if the system Shown in Figure 2 is controllable and observable. (5 PT)

Where a =1, b =2,

c=2,andd=1
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b) The system is described by \
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Where E(t) = tllor t > 0. The initial conditions are x;(0) =2, x2(0) = 3. Determine the state vector x (t) for

t>0. -4 - -4 .44 (7PT)
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3. a) The block diagram of a control system is shown in Figure 3 (10 PT)

1

G, =k, G,(s)= R
T s(s+D) o G5 ] G (5 |
H(s)=1+Ps .
Determine the value of k and P so that the maximum
overshoot in the unit step response is 0.4 and settling
time is 5 sec. then obtain the rise time and the steady Hig) e
state error for step input
f, _ \ - 09_8 Figure 3
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b) Using parallel decomposition technique, obtain the state-space model of the system
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4.a) Find the range of values for k so that the system represented by the Figure 3 will be stable.

Gp(s): 3 12 P H(S)=1’ GC(S)zk (SPT)
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b) Choose the right answer; — (5 PT)
i. When the pole of a system is moved towards the imaginary axis, then

a) Settling time of the system decreases.

b) Steady state error is reduced to zero
@Settling time of the system increases

d) Settling time increases by 20% of initial value

ii. The case in Routh Hurwitz in which a particular row elements are zero, show that

a) There is a pole at the origin b) The system is unstable
¢) The system is stable

Some roots are distributed symmetrically about the origin

iii. A system is required to have a peak overshoot of 4.32 % and natural frequency of 5 rad/sec. the
required location of dominant pole is:

a) -3.535 +j 5.535

b) -2.535 + j 2.525
¢) -2.535 + j 3.535

(@) -3.535+ ) 3.535

iv. The number of integrators in the system transfer function G(s) indicates
a) Number of finite poles

b) Number of zeros at origin
¢) Number of finite zeros

Number of poles at origin
v. Type number of a system gets decreased if

a) First an integrator and then a differentiator is included in the system.
b) An integrator is included in the forward path.

(CYA differentiator is included in the forward path
d) A differentiator is included in a parallel path.

EXTRA CREDIT: (3 PT)

Sketch the root locus with respect to K for the system showing in Figure 3. Also find the value of K
when the R-L crosses the imaginary- axis, if any.

G.=K, G.(s)= o+
© T TP s+ 1) (57 +4s+5)

H(s)=1



