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Q1. In this problem we will design a lead-compensator for an unstable plant G(s) =

;zKTl' (K > 0) step by step.
(a) Plot the bode plots of G(s) and G'(s) = (—Sfl—)z, (K > 0). Identify the

corner frequencies of the two systems. (4 pts)
(b) Plot the root locus of the compensated unity feedback system I:-;—G as K

varies. Explain whether such a control system is appropriate. (4 pts)
(c¢) Now we consider adding a lead controller so that the loop transfer function

K 1+aTs

5 where a, T and K are the control parameters to be
s4—-1 1+Ts

becomes

determined. Assume that the gain crossover frequency occurs at w, =
2rad/s where the loop transfer function exhibits the minimum phase lag, and
that the corresponding phase marginis 60°. Determine the numerical values
of a, T and K. (12 pts)

(d) To verify the stability of the control system you design in (c), plot the Nyquist
plot of the corresponding loop transfer function. Using the Nyquist criterion
to examine the closed-loop stability. What is the gain margin? (10 pts)
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Q2. For the DC motor given in Fig. 1. As_sume that the motor has a torque constant
K; and a back emf constant K, and its rotor inertia is J . Ignore the rotational

damping, frictional effect, and the loading torque ( 7}).

R{I Lll
AN A 1LN
& o I;ﬁ Magnetic
flux
mn
3
= Fig. 1

(a) (Voltage control) Derive the transfer function from input voltage e, to the

rotor angle 6,,. (7 pts)

(b) (Current control) Derive the transfer function from i input current la to the rotor
angle 6,,. (6 pts):

(c) Assume that the motor is connected to the op-amp ciréuitry shown in Fig. 2.
The objective is to make theé motor current i, track the input voltage V,,,
thereby enabling implementation of the current control scheme described in part
(b). Derive the transfer function from Vi, (s) to i, (). (7 pts)

1 @ DC motor

Olll

Fig.2
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Q3. Let’s consider the saturation element shown in Fig. 3 and the small-signal
situation where the signal reach is always below the saturation. The slope of the
saturation element is K. ‘

(a) Compute the roots of the closed-loop characteristic equation when the slope K
is 1. (5 pts)

(b) For (a), determine (i) the system type (5 pts) and (ii) the corresponding steady-
state error with respect to reference inputs(5 pts). :

(Notes: (i) counts only if (ii) is correct.)

(c) Before any internal signal reach saturation, (i) sketch the root locus with respect
to the slope K (K>0) (10 pts) and (ii) give the break-away/break-in points (5
pts). -

(d) For (c), what maximum value of slope K is required to stabilize the closed-loop
system? (5 pts)

- Saturation

R(s) +

1| Y&

2sﬁ

Fig. 3: Block diagram illustrating integral anti-windup
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Q4. The equation of motion for a motor control in state space representation is

[:)2] - [—12 8] [ﬁ;] + [é]u + [2] W; (w is the process noise)

=[0 10] [ ] + v (v is the sensor noise)

u=—mlkﬂbﬂ

Here the performance cost functionis | = f “[PY2(E) + u? (D]dt

Use Linear Quadratlc Regulator (Symmetric Root Locus) to find the optimal control
([ky  k2]), which minimizes the cost function J, and gives the closed-loop system
with the settling time of 1.15 seconds.

(2) What is the targeting closed-loop poles? (5 pts)

(b) what is the optimal control ([k;  k,])? (10 pts)



