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1. (15%)

Consider the inverted pendulum system as shown in Fig.1. Assume that the mass of the
inverted pendulum is m and the center of gravity of the pendulum is located at the center of

the rod. Assume that & is small.

Y i y
(a) Please derive the mathematical models in the
form of differential equations. (5%) -2 S .
(b) Please derive the mathematical models in the o A/t
~7 %
form of transfer functions. (5%) 1 = M
Z
(c) Please derive the mathematical models inthe 4 O 0
o A A A
form of state-space equations. (5%) Fig. 1

2. (20%)
Consider the system shown in Fig. 2, which involves velocity feedback. Determine the
values of the amplifier gain K and the velocity feedback gain X, so that the following
specifications are satisfied:

(a) Damping ratio of the

, R(s) + X 1
closed-loop poles is 0.5 T ST ol <)
{b) Settling time <2 sec I
() Static velocity error constant K, |-
K, 250 sec™
W 0<K, <1
Fig.2
3. (20%)
Consider the unity-feedback system which open loop transfer function is G(s) = Ga
s(s+

(a) Determine the range of X for system stability by Nyquist stability criterion (10%)
(b) Determine the phase margin and the gain margin as X=0.5 (10%)
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4. (25%)
A control system, as shown in Fig. 3, has the control target y,,, = 0, the output 3(£) and the
disturbance 4(¢).

f d Disturbance

K,
PD controller
=0 i K, o} ¥
ML O (s T e -
~ + 5"+ 20wy s+ 6
Fig.3

(a) Derive the transfer function G,(s)= ;ES;
g

for the disturbance d(#), and solve the output

w fort=1

0,
0 forr=0 (7%)

response () as d(¢)=d(t), where J(¢) is an impulse function as () ={
(b) Solve the output response y(¢) as d(¢) =D, cosw,t with zero initial values (8%)
(c) Solve the PD-controller, Kz and Ty, for keeping the damping ratio ¢, =0.707 and the

natural frequency w,. =10s~" in the close-loop system, where

c=01 w,=2s" K, =% K, =%. (10%)

5. (20%)
Consider the control system as X = Ax+Bu, y = Cx+Du, where
1 -1 -1 2
A=|-1 -1 -1 B=[ 0] C=[1 0 1} D=[o]
1 ¢ -1 -1

The system uses the state feedback control #=-Kx. Please solve the controller K for the

desired closed-loop poles at 5=-5, -10, -15.
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