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2. Root Locus (30%): The DC mator has the armature driven by the electric circuit shown in the
foliowing Fig. 2. It is standard to relate the torque " developed in the rotar in terms of the armature
current 4, and a torque constant K, and to express the voltage generated as a result of rotation in

terms of the shaft’s rotational velocity 9_,, and an eléctric or electromotive force constant X,. Thus
T=ki & e=k@,.
Now, assume the rotor has inertia J,, friction coefficient b, and disturbance w = 0.
{a} Find a transfer function of the DC motor relating the cutput shaft’s rotation 4, to the input
voltage v,? (10%)
(b} I, a normalized function of abave transfer function is

v, (s} s{s+¢)
then sketch a root locus with respect to the proportional feedback contral with ¢ = 2, {10%)
(c) If the central system is a unity feedback loop, find the root locus versus ¢. {10%)

Fig 2

3. Frequency Response (20%): The open loop system with the transfer function is

1
Gley= {s+1)(x+10)

If the sinusoidal input signal #() =2 cos(3#) +4 cos(15f) overtheinterval 0<s<35 sec, assuming _
Zero initzal conditions.

(a) Find the sinusoidal steady-state response y_({). (7%)

(b} Draw u(z) & y_{f) inasingle plot, and comment on their relationships to one another. (6%)

() Draw the Bode plot if the control system is a unity feedback loop. {7%}

i
. N :; rf‘Ij'quist Stability (25%): Consider the system in Fig. 3.
" (a) Find the closed-loop transfer function, T(s). (5%)
(b) Rewrite the characteristic equation of T(s) as 1+K1*G(s). Find G(s). (5%)
(¢} When K2=2, draw the Nyquist diagram for G(s). {10%)
(d) From the Nyguist diagrar, find cut the region of K1 to stabilize the ciosed-loop system (T(s))
for K2=2. (5%)
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Fig 3
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