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+1. (25%) Consider an inverted pendulum system shown as below, where u is the applied force.

(a) Please derive the equations of motions. (10%)

(b) Apply the system linearization with respect to the small angle condition and find the corresponding
transfer function from the applied input = to the system output z. (10%).

(c) Examine and explain the stability of the linearized system. (5%)

PS : Please follow the coordinate system defined in the figure.
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2. (25%) Please derive the transfer function of f(t) and find the step response of these functions.

(a) f(t)=6(t), where §(t) denotesanimpulse function. (5%)
(b) f(t)=t.(5%)

(c) f(t)=Ae™,where A and a are constants. (5%)

(d) f(t)=sin(wt), where w denotes a constant frequency. (5%)
(e) f(t)=e"sin(wt), where @ and w are constants. (5%)

PS : Detailed derivations must be given via using the definition of Laplace transform!




B9 1% BILAREIAEE 112 SR LY 4 B 5
% B MZEREIEZZ

e BB S EH 0206 i ¢ 1
F2H 2K

M OHEEAR  ASEAAIERESE - EREERRIES  REAREREESE > RPets -
3.
Consider the system shown in Figure 3 with
G(s)= 0.1

(s+5)(s+10)
(a). Using root-locus approach, design Ci(s) that will produce closed-loop complex poles at s = -5 + 10j and
zero steady state error to a step input reference, for Ca(s) = 1. (15%)
(b). With the controller Ci(s) obtained in (a), design a cascade lag compensator Ca(s) such that the steady
state error to ramp reference is 0.05 without a significant influence on the performance achieved by Ci(s).
(10%)
Achieve the requirement with minimum order controller on both cases and sketch the corresponding root

locus.
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Figure 3 Block diagram of a closed loop system
4.

Consider the Bode plot of a system G(f@) shown in Figure 4.

(a) Determine the corresponding transfer function of the system. (10%)

(b) Draw the corresponding Nyquist plots . (10%)

(¢) Determine the stability of the unity negative feedback system by Nyquist stability criterion. (5%)

Bode Diagram
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Frequency (rad/s) Figure 4




