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| NTRODUCT| ON

A second-order system can be descri bed mathematically in Laplace
formas follows:
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where ( is the danping ratio andw, is the undanped frequency of
the system The response of the systemis dependent upon the roots
of the characteristic equation which is the denom nator of the
above equation. The roots of the characteristic equation are called
pol es and are expressed as follows for ( <= 1.
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The paraneters, o and wy, are called the danping factor and the
danped frequency. A second-order pole-plot on the S-plane would
| ook as foll ows:
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The magnitude of the vector fromthe origin to the pole |ocation
woul d be,

s1l = J@p)2 + (a1 -~ ) = @,

The cosine of the angle fromthe negative real axis to the vector
woul d be,
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It can be seen that by hol di ng t he magni tude of the vector constant
and varying the angle would be in effect holding the undanped
natural frequency of the system constant and varying the danpi ng
ratio. Al so, hol di ng the angl e constant and varyi ng t he nmagni t ude
woul d be in effect holding the danping ratio constant and varying
t he undanped natural frequency. It is the purpose of this
experinment to vary the danpi ng rati o and undanped natural frequency
of a second-order system and determne their effect on the tine
response of the system This will be done utilizing the anal og
conput er.

PRELI M NARY

P-1. Witing the above second-order system equation as a function
of tinme with a unit-step input yields:

X'(t)+ax(t)+bX(t) = cU(t)

wher e,
a = 2wy, b = w, C = w,



P-1. (continued)

Draw the schematic for the particular anal og conputer to be
used.

P-2. Make a Table of values for the coefficients a, b, and c for
t he condi ti ons bel ow.

Casel Wy 4 Casell (AN 4
#1 3 1.0 #1 1 0.7
#2 3 0.7 #2 2 0.7
#3 3 0.3 #3 3 0.7
#4 3 0.0

X max = 2, Xmax = 2; X" (0) = X (0) = X(0) = O.



P-3. Research and wite down the definitions and equations for the
foll owi ng terms.

a. Rise tinme (tr).

b. Delay time (td).

C. Percent overshoot (PO .

d. Settling tinme (ts).

e. Danped frequency (W).

P-4. Obtain sinulated plots of Case |, #1-4, and Case Il, #1-3, on
the digital conputer using MATLAB (or simlar software).
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PROCEDURE

F-1.

F- 2.

F- 3.

Place Case |, condition #1, as specified in the Prelimnary
exercise, P-1, above on the analog conputer and plot the
results on a sheet of graph paper using an X-Y recorder
Adj ust the time-base and the Y-input of the X-Y recorder so
that the response just reaches steady-state at the end of the
graph paper and about a third of the way up.

Repeat F-1 above for Case |, conditions #2, #3, and #4,
plotting the results on top of the results of F-1 above. DO
NOT' RE- ADJUST THE TI ME BASE OF THE X-Y RECORDER FROM THAT OF
F-1 ABOVE! The Y-input should be adjusted, if necessary, so
that all the curves settle out to (or are symetrical about)
the steady-state value of the response of F-1.

Repeat F-1 and F-2 above for Case Il, condition #1, #2, and
#3 on a separate piece of graph paper.

REPORT

R-1.

R- 2.

Pl ot the poles for the conditions specifiedinthe Prelimnary
exercise, P-2, on a single sheet of graph paper.

Conpare the anal og conputer results with the digital conputer
results.

Tabulate the results from P-3, P-4, and from the anal og
conputer for conparison

Di scuss FULLY the effects of varying { and w, on the response
of a second-order systemin terns of rise tine (tr), delay
time (td), percent overshoot (PO, settling tinme (ts), and
danped frequency (wy).



