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Experi ment No. The Anal og Conput er and Magni t ude- Scal i ng

| NTRODUCT| ON

Oten the magnitude of system paraneters are such that a system
cannot be sinulated on an anal og conmputer wi thout exceeding the
voltage limts of the conputer. In other cases, the paraneter
magni tudes may be so small that accurate, neasurable results are
not possible. In such cases, it beconmes necessary to nagnitude-
scal e the systemparaneters in order to sinulate the systemon the
conput er and obtain reasonable results.

Consi der the stem below which is to be sinulated on a +/- 10 volt
machi ne.

X"(t)+aX'(t)+bX(t) = cY(t)

wher e,
X max = 1, X (0+) = 2

Xmax = 25 X(0+) = -8.

In this case, the paraneter, X(t), nust be magnitude-scal ed since
its maxi mum val ue exceeds the voltage capability of the conputer.
Also, its initial condition nust be magnitude-scal ed by the sane
anount. The magni tude-scal ed paraneter nmust be |ess than 10 volts
and shoul d be greater than 0.1 volts. Scaling by a factors of ten
is nost desirable since the anplifiers generally have a x10 i nput.

In order not to change the original equation, each paraneter nust
be divided and nmultiplied by the sanme scaling factor. Such as,

X'(t)+aX'(t)+ 10b[XlLot)} = cY(t)

and,

X max = 1 X (04) = 2



10 [ Xmax/ 10] = 25 or [ Xmax/ 10] = 2.5
10 [ X(0+)/10] = -8 or [ X(0+)/10] = -0.8.

One of the outputs of the conputer is now [X(t)/10]. If this
paranmeter were recorded on a piece of graph paper as a function of
time, it would be necessary to scale the output by a factor of ten
in order to have a plot of the original paraneter as a function of
time, or,

X(t) = 10 [X(t)/10].

It should be pointed out that if the initial condition of a
paranmeter is larger than its maxi mnum val ue, then the nmagnitude-
scaling is based on the initial condition rather than the nmaxi num
val ue of the paraneter.

Oten the maxi mum val ues of system paraneters are not known. In
such cases, the problem can be run on the conputer while

si mul taneously magnitude-scaling until satisfactory outputs are
obt ai ned.
The probl em bel ow not only illustrates magnitude-scaling but also

the variety of systenms that can be sinulated on the analog
conput er.

The Problem 1In the attached figure is an open-top tank which
contains a |liquid. The liquid | eaves the tank at the bottom and
is replenished at the top. In order to hold the level of the
liquid in the tank at sonme desired level, H a controller is used
to operate an inlet valve which varies the rate of flow of liquid
in the tank. The output flowrate is determ ned by the hei ght of
liquid in the tank and the viscous drag of the output pipe.

If lamnar flow is assumed in the output pipe, then the
differential equations describing the height and volune-flowrate
are,

Adzh(t)+1dh(t) _df1(t)
dt2 D dt dt

dfdl_t(t) = K[H — h(t)]



wher e,
h(t) - height of the liquid in the tank
f1(t) - volume-flowrate of the liquid into the tank
A - cross-sectional area of the tank

D - coefficient of viscous drag

K- controller gain

H - desired height of the liquid in the tank
PRELI M NARY

P-1. Set up equations (1) and (2) above for analog sinulation
assum ng the foll ow ng paraneter val ues.

A =5 sq. neters

H = 15 neters

K = 0.25 (sq. neters)/sec?
D =0.5 sec/(sg. neters)
h(0+) = 10 neters

h’ (0+) = 0.

The desired outputs are h(t) and h’(t) as a function of tine.



P- 2.

For the systemabove, the solution for h(t) can be shown to be;
h(t) = 15 - 11.18 exp(-0.2t) Cos(0.1t - 63.439

btain a simulated plot of h(t) and h’(t) on the digita
conput er using MATLAB (or simlar software).

P-3. Drawthe anal og conputer schematic for the probl emabove bei ng
cogni zant of the features of the anal og conputer to be used.

(I NSTRUCTOR S SI GNATURE DATE )

PROCEDURE

F-1. Set up the problemfromthe prelimnary report on the anal og

conputer and plot [h(t)/M and dh(t)/dt as a function of tine
on an X-Y recorder (“M is the magnitude-scaling factor). Be
sure to record the scales.

REPORT (should include at |east the follow ng)

R-1.

R- 2.

Verify the accuracy of your graph using known points (such as
h(0) and h(e).

Scal e the graph obtained in the procedure to reflect h(t) vs.
tine.

Plot the points calculated in the prelimnary report on the
graphs obtained in the procedure. D scuss any differences.

Di scuss the experinment in terns of nmagnitude-scaling and of
t he anal og conputer as a probl em sol ving device.



Controll er

Fl oat

J\ area, A

h(t)

Tank cross-secti onal

Ao|2h(t)+10|h(t)

+Kh(t) = KH

dt 2

D dt



