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ECE 147B NSNS Dlgltal Control Systems: Theory and Des1gn Winter 2013
\ N A L f.ﬁppg"‘ t:é{_‘“ Homeworkl "'%SCL \’ESJ\ f:f) i

January 8,2013, at5 pm in the homework boxes outside Harold FIank Hall 3120A. Vv NS (

Problem 1. Continuous-time dynamics.
Below are 4 step responses (A,B,C,D), 4 Bode plots (1,2,3,4), and 4 pole-zero plots (LILIILIV).

a) Match these up. (i.e., list the 4 correctly-matched triplets. e.g., if A, 1, and I match, write “A-1-1".)
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ECE 147B Digital Control Systems: Theory and Design Winter 2013
Prolblem 2. S,tabﬂif}i_i)i\ continuous-time (CT) systems. . I Cg(f‘(;& fC‘(g} ,ﬂ: 3 L;\ - zﬂ"@ s bﬁ. E'L'I'A'f\ ‘
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Assume a unity-feedback configuration with a gain, K, as the (proportional) controller. For whaf vatues J\j :ljw\)
of K will the resulting closed-loop system be stable? (HINT: assume K might be negative or positive!)
Justify your answer via each of the following tvyo methods: S0, K=0 Stakie.wle need e &C\v g
(12K ~2)<D ank (2K+1)>0 s Bl jrw‘xf\,&\ e
a) Algebraically solve for the closed-loop transfer function, keepln0 Kasa Varlable therx:reaﬁe-rr
appropriate) about when the poles would all be stabli d © K< l'ﬁ)\ 2 i > —b
b) Sketch the Nyquist (frequency response) plot for the system; then reason (as appropriate ‘H’D‘“Tn‘wherr**
the poles would all be stable. Hints: 1. Please feel encouraged to explmt the * nyqu1st function in
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Problem 3. Discrete-time trans nctions. P
K, _ o Lt = (s s
—— / . =< Ko
Below at left is an impulse in u(t). At right is the response of a discrete-time system, P(z)=Y(z)/U(z), to \ 2 | }
this impulse, plotted as discrete values over time. ‘"“j‘T ~ T
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a) What is the sampling time, and what is the discrete-time transfer function, P(z) =Y (z)/U(z2).
(Assume y(t) continues to be 0 for all # > 2.0 sec in the plot at right, above...)

2 a4
b) By hand, plot the step response of P(z). I (ZB b7 /Jf-:\ Z % L
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Problem 4. Numerical integration approximations.

Hﬁ?h s RO minas iéf; L7 Pren (s+1)

T— b) By hand, calculate the maximum phase change i.e., magnitude of increase or decrease, as approprrate

ECE 147B Digital Control Systems: Theory and Design Winter 2013

2=l 4T

Consider the following continuous-time lead controller:

1 f ( ) =
z,v_ [M(Lﬂ( {/\ L{T ﬂ' /x\& )%\‘ \\ (3 ﬁﬁé}

(s+16)

controller would provide to the loop 1ransm15s10n C(s)P(s).

}c»r D‘/

that occurs due to this controller and at what frequency doej this occur? (We will call this frequency D )

(S0 dore ) [Phnat @ 4% (5 + blA43°
¢) Recall from lecture“fﬁa’[“'i‘)””Forward Euler, 1i) Backward Euler, and iii) Tustin (trapezoid rule)
approximations results in the following mappings between the differential operator, s, and the difference
equation operator, z, respectively: i

. g=1 N z—1 2z ~1) /
1) § — 11) § < e E— /
zT _ T+ v
For the remainder of the problem, use a sample period, T, of 0.03 seconds.|. Ly
= 92341097

“7'&7“‘7“*“ ﬂq,/')‘

b) Calculate the forward difference approximation, Cmm,d(z) for C(s). Whatisifs phase al z_ -
(Phose . (5.0044° \
¢) Calculate the backward drfference approx., C deckwam(z) for C(s). What is its phase at 7, = e’?"9

[Prose ’ 58,9352° |

d) Calculate the bilinear dlfference‘appugu__rmatmn Chijinear(2), for C(s). What is its phase at z, e’/
phage : (,1.92735° |

" e) Use MATLAB to generate a Bode plot for the o orrglnal C(s) along with all 3 approximations on a single

graph, using a frequency range from 0.1 (rad/s) up to the Nyquist frequency. Discuss the most important
effect(s) of each transform. Which one works “best”, and why? (Be sure to solve for and label the N yquist

frequency on your plot!) V\;(_)L 3\\\ neaxr ( ELD“\VL\ N sohes C[S\ b“l\k ( w& —

Problem 5. DT control dcslgn via emulation. — W‘_iww /6 T C::;-Q\ -';?, =

o))

a) Design a continuous-time lead compensator, C(s), for the plant P(s) = 5/57 SO that the overs
is about 15% (between 10% and 20% is OK...) and the peak time, #,, is approximately 0.1 seconds (e
in the range 0.08 to 0.12 seconds). Include a MATLAB step response plot to verify your answer.

n

b) What are the poles and zeros of the 1e closed- lgop system? What effect do the zeros have on ogtershoot /V‘z /)

and why? 'P \5'5 T ~i1(/ 3)\ % | 2-all KGN/ lzmﬁd S = -, z\glgﬂ’() L«U& \\

Repeat ) dd)“f""“"‘”i’yt £ T=01 T( 05 kd\Tx(); F - Dvecshals Poles 5
epeat ¢) an or sampling rates of T=.01, T=.05, an .06 seconds. .
? pne Qe 53‘«\(‘3*@\ QaJ\ \

¢) By hand, convert P(s) to P(z), assuming a zero-order hold, and convert C(s) to C(z), using the Tustin
approximation. (Show work by hand, but please DO use MATLAB to ¢/eck your work.)

w——

d) Calculate the closed-loop transfer function for the discrete-time (DT) system, and generate a step [
response for 5 seconds, using MATLAB. (e.g., “step(P,3)” What are the peak time and percent overshoot ‘
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for the DT system? Put all 4 step responses (the CT step and all three DT sampling rate cases) on a
single plot, clearly labeled.

e) What is the phase margin and overshoot for each of the 4 cases. (Hint: You can use “margin(P*C)” in
MATLAB for each loop transmission...) Which closed-loop systems are STABLE?

Problem 6. Gain and phase margins.

a) From the Bode plot below, estimate gain and phase margin. Also indicate the crossover frequency.
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(Assume there are no poles or zeros outside the frequency range shown.)

Bode Diagram
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b) From the Nyquist plot below, again estimate gain and phase margin. (At right is “zoom” view...)

Nyaquist Diagram
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Nygquist Diagram
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Problem 4
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See preceding pages for rest of the solution to Problem 4.
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Above: The Bode plots are for JUST C(s), only. Your C(s) may vary! Here are two
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Bode Diagram
Gm = -Inf dB (at O rad/s) , Pm = 67.7 deg (at 31.3 rad/s)
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examples. In both cases, the zero and pole are spaced as “wa/a” and “wa*a”
(geometrically equal spacing) wrt crossover, wa.
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Problem 5: Depending on your C(s), C(z) with T=0.06 may or may not be stable!
Note that having more phase margin (upper plot previous page) allows one to be

Amplitude

Amplitude

HW1 Solutions

Ph: C{s)=5H000%(s+6.2)/(s+160) ... 13.5% overshoot at ¢, = 0.1 scc
(s) / )

W er

c(s), Mp 013453
C,(@ [T=.01s], M

C,(2) [T=.05s], M, = 0.76809
C4(2) [T=.08s], M = 0.84034

=0.16049
P

NI D

— A

MR L L

0.5
-1 | | | | | | Il | |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Time (seconds)
Ph: Cs)=4000*(s+7.8)/(s+126) ... 17% overshoot at ¢, = 0.1 scc
20 T T T T T
C(s), M, =0.17121
15 C,(2) [T=.01s], M, = 0.21957
ol C,(2) [T=08s], M, = 0.97035
C,(2) [T=.06s], M, = 0.85874
5 -
o % um"uurmwuuuﬂ111L
5
A0k ]
A5 R
-20 1 | | | | 1 1 | |
0 05 1 1.5 2 25 3 35 4 4.5

Time (seconds)

stable using a larger time step (upper plot THIS page).
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