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1. (10 pts) Consider the right closed-loop control system:

Let’s design a PD )

controller of G. for G, to W(s)

satisfy the closed-loop R(s) _E(s) G=K +K,s ‘é _lG,= L _Y6)
system with the . = - s(s+2)

specification

@A) rise time = 0.45x /2 seconds;
(i)  overshoot=4.32%.

Please give your PD controller (K s Kg)
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2. (a) (10 pts) The Nichols Charts on the right

w
show 4 different G,(S)G,(S) in above ) e 0] % = »(t)
block diagram, where G(s)=1. Please match < o(s)

A: : B: =1 3. Dz ;
to one of the following system, respectively. (there is no partial credit!)
s+1 Nichols Chart
M) Gl = Zr770 '
z . s—-1
@ Gc(s) ?(S) ~ 2(s + 10) g
s—=1 £
) Gel)Gp() = - 10) o
s+1 3
4 =— &
“) GC(S)Gp(S) s2(s + 10) §_
s—1
5 T T
®) Ge()Gp(s) s2(s — 10) s
s—1 -180 -90 0 20 180
(6) GC(S)Gp(S) = “m Open-Loop Phase (deg)
1 1
7 =— 8 BTN
D G66® =5 ® 6966 = -5

(b) (5 pts) Draw the Nyquist plot for System B (describe how you get this plot in
details)

(¢) (5 pts) Use Nyquist criterion to determine the stability of closed-loop system
(System B)

S+27Z
(d) Change G(s)=1to G.(s) =K STP for the same G,(s) shown at above
Nichols Chart B to answer the following problems (d-i) & (d-ii):

S+2Z

S+ P
loop system of 10° Phase Margin. The gain crossover frequency of G, Gp did not

(d-i) (15 pts) Design a lead compensator G.(s) =K

to result in a closed-

change by adding in G.. (G Gpand Gp have the same gain crossover frequency).
Please give (K, p, z)?

(d-ii) (5 pts) For a unit step signal on the disturbance W(s) and the controller Ge
from (b-i), what is the steady-state error for signal on e ?
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3. Consider a single-input-single-output plant described by

X =Ax+ Bu
y = Cx.

It is desired that y be regulated to a constant value r. To do so, we define an error
variable e =y —r. Augment x; = [e to x and form a new state vector ¥ =
[x x]T.
(a) (S pts) Write down the state equation for the new state vector . (Hint: X =e=
y—-r=Cx—r.) '
(b) (5 pts) Derive the controllability condition for the system you derived in (a).
Notice that your answer should be expressed in terms of the A4, B, C matrices.

(©) (6 pts) Let G(s) =% = _2

= . Realize the system in control canonical form and
u(s) sz-2

augment the system as you did in part (a). Verify that the augmented system is
controllable.

(d) (8 pts) Compute a control gain matrix K so that the controller u = —K#% can
place the poles of the augmented system in part (c) at —1 + J»=7. (6 pts) What are the

rise time, overshoot, and the steady state error tlim (y — ) ofthe closed-loop system?
—00
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4. Atypical geometry for a loudspeaker for producing sound is sketched in Fig. 1(a)
and Fig. 1(b). The permanent magnet establishes a radial field in the cylindrical gap
between the magnet's poles. The force on the conductor wound on the bobbin causes
the voice coil to move, producing sound. The effects of the air can be modeled as if
the cone had equivalent mass M, spring constant K, and viscous friction coefficient
B. The electro-mechanical dynamics for the loudspeaker is shown in Fig. 1(c) in
which v, is the input voltage, R is the coil resistance, L is the coil inductance, €coil
is the back emf voltage, F is the force generated by the voice coil, and finally x is
the displacement of the cone. Notice that because of the electro-mechanical
interaction, F = Ai and e.,; = A% in which A is a constant.
(2) Bpts) Using x =[x % i]” asthe state vector, u = v, astheinput,and y =i
as the output (measurement), write down the state equations and the output equation.
(b) (S pts) Prove that if K =0, one cannot observe x and % from the measured
current (i).
(c) (7 pts) Let the numerical values of M,K,B,R,L,A all equal 1. Design an
observer to estimate x from the measured current (i) so that the estimation errors
decay at the rate of e™**. You should write down the state equations for the

observer.
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