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1. (a) Find the Laplace transform of the signal e(t). (§%)

e(t)

t1 t2

(b) f,is a periodic function with period T

f,0)=1f,@t+T)

and f, is definedas

YA 0<t<T
f(f)“{ 0 T <t

Please use the Laplace transform of f{#) to describe the
Laplace transform of f,(t) (6%)

(c) Given

| |
G(s) = , Re(s)>0
(0)=— o Rl
Find the inverse Laplace transform (7%)

and plot g(t) (2%)
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2. A train suspended by magnetism shown in the following Fig. can be described by
the differential equation

X +c,i+ex+cyx=by—k,z

where
X : air gap
y : control voltage
z : disturbance

c, =0.445 s Im; ¢, =1.72 st im; c,=-2883 s/m
cy =-2241 1/m; b=05 11/V;
train

L~ guide magnet

|
! air gap support magnet

-—-r

control \}oltage

(a) Investigate the system without control (i.e. y=0) stable, or not 7 (7%)
(b) If a PD-controller [K.(1+7} -s)] is used,
calculate the stable range of the parameters K, and 7, with the help of
Hurwitz criterion (8%)

(c) To improve the control error, a PID-controller

KR(1+TL1+T,,-.;)

M S
with the parameters

K,=5500V/m; T,=0.2s; T,=0.8s areused.
Determine with the help of the Routh criterion, if the control system is
stable 7 (10%)

>
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3. An inverted pendulum is mounted on a wagon shown in the following figure.
Assume the rod between pendulum and wagon is rigid. The car has to be moved to
keep the mass m at the middle position. Such a system can be described by

Mi+ml@-f(t)=0
mli+ml@-mgl@=0

Assume M>>m and @ is quite small, f{?) is the external force on the wagon.

(a) describe the system with state space reprensentation. (8%)
~(b) prove the system is stable or unstable. (7%)

mx

I"T'Iltj.‘,I 4 5
O
_X() Y f(t)
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4, Consider the feedback system

K — G(s) -

where X is a constant proportional controller

G(s) = ——
T s(s+2)(s+4)

(a) sketch the loci of the closed-loop pole for varying K (8%)
(b) describe the system stability from K, and the point where the branches
intersect the jw -axis (7%)

(¢) determine the special value of K, to realize a damping ratio & = )/ 5

for the dominating pair of closed-loop poles (10%)

5. Consider a system with unit feedback

A_".'Q_.. G(S) e

2
s—1

where G(s) =

(a) sketch the Nyquist plot (9%)
(b) determine the phase margin and gain margin (6%)




