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b) For the unit step response shown beloy esti -
(y(k)=0 for all k<=0 here.) > CStimate the conespondmg plant, Pb(Z).
Unit STEP Response for Pb(z)
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on for a continuous-time controller:

s#41
c(s)=——
s) s+4

a) Convert ((s)to a discrete-time transfer function, C(z), using the Tustin transformation (no
« arn”” ing ti "=(), conds.
pre-warp”). Usea sampling time of T .i)l)-lﬁe_O_lds rr: 0. 01

2) Below isthe transfer functi
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b) Rapidly estimate the gain and phase of C(z) at 2 rad/sec. (Hint: evaluate C(s), using
appendix to estimate phase of C(s) quickly! C(s) and C(z) should be close here.)
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¢) To evaluate the exact frequency response of C(z) at 2 rad/sec requires plugging in some

value for z. Estimate numerically what this value of “z” is, and SKETCH this value of z on
the z-plane. (Show all or a blown-up subsection of the unit circle in this plot. Recall, T=0.0]
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3) Discrete-time system time response analysis. Given a second-order system P(z), with
sampling time T=0.1 seconds and poles on the z-plane at S
7= 0,99 + 0.03]

answer the following questions about a unit step response for the system;
a) Approximately how many samples are there in one oscillation, and what is the time for

one full cycle (peak-to-peak)? ‘ 0.0 4t l). 0. 01
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b) What is the time constant of the decay envelopi‘{ :__4_—_—,___
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c) Assume the system has a single zero at z = —1. Either write an expression for (or
estimate numerically) the percent overshoot of a unit step response. (i.e., the percentage
by which the response exceeds the final value.)
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4) For the discrete-time transfer function with T=0.01 seconds, shown below:

G(z) =

(z-0.9)(z - 0.96)

a) What are the DC gain and phase? =2 2-4
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b) What is the Nyquist frequency?

3. /4
Ly, = 77.7.: o T 2 31Y rAg,

c) What are the gain (approximately, to within +/-3dB) and phase (exact value) at the
Nyquist frequency?
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a Bode plot for G(z) on the axes provided. (Hint, you can break the TF into two
Multiplying two transfer functions corresponds to adding their
arefully label breakpoints for all poles and/or zeros, and show

a dashed vertical line).

d) Sketch
parts, if helpful.
respective Bode plots.) C
the Nyquist frequency (e.g., as
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5) Consider the discrete-time state space system,
X1 = AaXy + Bally
. . . Yk = Caxpe + Doy
with the following matrices:

=[] a=ln 71 2=l
Ca=1[0 1] D, = [0]

a) What is the characteristic equation for the DT SS system shown? Is the system stable,
unstable, or marginally stable — and why?
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b) Find the four matrices A, B, C, and D for a continuous-time state space representation
that maps to this DT SS system via the forward Euler transformation, with T=.01
seconds. (As partial hints, recall for this transformation that: A4 = I + AT, B, =BT, ..)
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¢) Solve for the control gain matrix, K, to place all poles at the origin (i.e,, deadbeat
control) for the original discrete-time state space system from part a. ) i
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