
580.222 SYSTEMS AND CONTROLS

SPRING 2007- Controls Homework Set 5
Distributed: April 18th 2007
Due: April 25th 2007

READING ASSIGNMENT
Chapter 7.1-7.4 of Franklin
Study the following MATLAB commands: impulse, step, eig, pole, zero, tf, ss, tf2ss, zpk, conv, feedback,
rlocus, plot, canon, ctrb, obsv

Problem 1: Franklin 4.28

Problem 2: Franklin 4.36

1



Problem 3: Franklin 4.37

Problem 4:
Consider a system G(s) = 1/((s+1)(s+2)(s+3)).

a. Compute the gain of a proportional controller that makes the system critically stable. Compute also the
associated critical gain.

b. Find the parameters of a P, PI, and PID controller using the critical gain method of Ziegler and Nichols.

c. Implement each one of the three controllers in SIMULINK, and plot the response of each one of the closed loop
systems to a step function. Compare the responses in terms of rising time, settling time, overshoot and zero
steady state error.

d. Increase and reduce each of the gains of the PID controllers and plot the responses. Comment on the effect of
each one of the gains.

e. Explain what the following MATLAB program does

% Part 1

num = 1

den = conv(conv([1 1],[1 2]),[1 3])

sys = tf(num,den)

pole(sys)

zero(sys)

% Part 2

canon(sys)

[A,B,C,D] = tf2ss(num,den)
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eig(A)

ctrb(A,B)

ctrb(sys)

% Part 3

figure(1), step(sys)

figure(2), rlocus(sys)

feedback(sys,1)

pole(feedback(sys,60))

figure(3), step(feedback(sys,30))

Problem 5: Controlled insulin release
A biomedical device company has commissioned you to design a device that releases insulin in a controlled manner.
You have a simple linear model of the device dynamics:

ẋ1 = x2 ẋ2 = −x1 − 2x2 + u(t) + d(t)

where x1 and x2 is the amount and rate of insulin release respectively, u(t) is the plant input and d(t) is a disturbance
input. The desired output y(t) is the rate of insulin release, x2(t). Using the feedback architecture from class, you
would like to design a controller C(s) that tracks an input reference signal r(t) with the following specifications: 1)
y(t) should respond to a unit step change in r(t) with overshoot Mp = 0.05 and tsettling = 0.1. 2) The steady state
error to a unit step or unit ramp disturbance should be < 0.1

a. Draw a block diagram of the feedback control system. Find the plant transfer function from the differential
equations given.

b. Can we use a proportional controller to meet these specifications? Justify your answer.

c. Can we use a PI controller to meet these specifications? Justify your answer.
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