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When a system is subjected to an external disturbance w, one can estimate this equivalent

disturbance, and add to the control a term — w that will cancel out the effects of the real

disturbance in the steady state. In the figure below, a first order system o under a

s+3
constant disturbance w, we can describe the system as
w=0
X=-3x+u+w
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(1) (10%) Please construct an estimator to estimate the state x and disturbance w, with two
estimator poles at's =—15.

(2) (10%) Please find the gain K so that the control pole at s = — 5.

(3) (10%) Please find the feed forward gain N for a constant reference input so that the
steady state error of the overall system can be eliminated.

2. A simplified sketch of a computer tape drive is given below
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(1) (20%) Write the equations of motion in terms of the parameters listed below. K and B
represent the spring constant and the damping of tape stretch, respectively, and w; and
o, are angular velocities.
Ji=4x 10'5 kg'mz, motor and capstan

Bi=1x 10 Nemesec, motor damping

r1=2x10"m |
Ki=3x 102 Nem/A, motor-torque constant
K=2x10*N/m

B =20 N/mesec
r,=2x10%m
h=1x IO'Skg-m2
B, =1 x 10 Nemesec, viscous damping, idler
F = 6N, constant force
x,= tape velocity (variable to be controlled)
(2)  (10%) Use the values in part (1) to write the equations in state-variable form as a set of
first-order differential equations. Use (x1,01 X2 ,m;) as state variables, and i, as input
variable.
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3. Consider a pendulum with control torque T, and disturbance T4 whose differential

equation is

6+40=T +T,

Assume there is a potentiometer at the pin that measures the output angle 4, that is, y=86,
and the control torque T.=K,(8,-0), where 8, is the reference input angle. '
(1) (5%) Please find the transfer function H(s) from reference input angled, to output
angled
(2) (5%) Please find the transfer function Hy (s)from the disturbance Ty to output angle 8
(3) (15%) Design a lead compensation using frequency response to replace the proportional
gain K,, so that the overall system can satisfy the specifications of phase margin PM>50°

and bandwidth, opw>1 rad/sec.

4. (15%) The Bode plot in figure below is for a transfer function of the form

Ks
G(s) = 5
. 1+ Ts)(A+T,s)
where K, Ti, T, are positive constants, Determine values for these three constants from
the bode plot below.
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