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1. (20%) Please step by step draw the Nyquist plot of the following open-loop transfer
function and determine the range of K such that its close-loop system can be stable.

G(s)H(s) =

Fa

s(s +2)°

2. (20%) A unit feedback control system has feed-forward transfer function as
K

S{s+2)(s*+45+8).
Please sketch the closed-loop root Iocus step by step as K varying from zero to infinity.

3. (20%) What is PID control law (4%)? Please write down its expressions and explain the
advantages and disadvantages of each component (16%).

4. (20%) An armature controlled DC servomotor is used in a position control system as
depicted in the following drawing. All the necessary parameters and variables are also
listed. Other effects if not listed are negligible.
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R, = armature resistance
iy = armature current
e, = applied armature voltage
ey = back emf
K., = motor torque constant
K, = motor back emf constant
K, = power amplifier voltage gain
K, = potentiometer voltage to angle proportional constant
8 = angular displacement of the motor shaft
0, = angular displacement of control knob
T = torque developed by the motor
J = equivalent moment of inertia in the motor shaft
b = equivalent viscous friction coefficient in the motor shaft
e = error signal
(1)List all the equations necessary for modeling (4%).
(2)Draw a block diagram showing every detail of the system (4%).
(3)Find the transfer function of @(5)/0,(s) (4%).
(4)Determine the damping ratio, {, and undamped natural frequency, ®,, of the system
(4%).
(5)Determine the unit step response of the system in terms of { and @, (4%).

5. (20%) A unit feedback system has its Nichols diagram as in the following. Please determine
its (1) phase margin and gain margin (8%), (2) closed-loop peak resonance amplitude ratio
and frequency (8%), (3) closed-loop bandwidth (4%).
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