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1. Consider the system shown in Figure 1.

(a) (10 points) Plot the root loci for positive K. Please write down the coordinates on
the plot for the starting points, ending points, the points on the imaginary axis and
the break-away/break-in points.

(b) (8 points) Find the corresponding values of X for these points.

(¢) (7 points) When the input signal is an unit step function (i.e. R(s)=1/s5) » find the
range for K, when the overshoot of y(#) is less than 5%.
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Figure 1 ~ The closed-loop system

2. A car's suspension system can be modeled by a simple mass-damper-spring system,
where M is the mass, & is the spring constant, and b is the damping coefficient. The
height of the road at any time £ is the input function to the system, #(#). The ouiput of the
system, x(#), is the movement of the mass as a function of the input. Assuming M = 1 kg,
b =4 N-s/m, k=9 N/m.

(a) (5 points) Find the dynamic equation relating #(¢) and x(¥).

(b) (5 points) Find the transfer function, G(s)=X{(s)/R(s).

(c) (5 points) Find the DC gain,

(d) (10 points) Find the natural frequency of the system. If r(¢) = sin (wf), what range of

w would you operate the system?
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Figure 2 » Auto suspension system
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(a) (5 points) find the time constant 7 of the closed-loop system when the system has
complex poles.

3. Given a unit feedback system with G(s) =

(b) Design a LEAD controller (assuming p, = 10) such that the closed-loop system
desired poles satisfy { = 0.707 and 7 = %
i. (5 points) What are the new desired poles?
ii. (5 points) Determine z.?
iii. (5 points) What is the coordinate of the third pole when the compensated
system passes the new poles?

{c) (5 points) Sketch the root locus AFTER compensation (no detail computations are
needed, but with clarit\r)
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