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PULSE TESTING WITH A MICROCOMPUTER

Y.L. YEOW*
University of Edinburgh ,
Edinburgh EH9 3JL Scotland ;
INCE THEY BECAME available in the 1970s,
microcomputers have been featured more and
more in undergraduate curricula. The chemical
engineering laboratory is no exception. The flexi-
bility of the microcomputer can be exploited in a
variety of ways. One simple way is to use the
microcomputer, where possible, as a substitute for
specialized -and expensive electronic hardware
normally found only in research laboratories. This
opens up a whole new range of experiments for
the undergraduates. This paper describes one such
development where a microcomputer was pro-
grammed to function as a transfer function
analyzer and was used to investigate the dynamics
of stirred vessels. The main objective of this ex-
periment is to illustrate the theory and application
of the pulse test.

THEORY OF PULSE TEST

Pulse test is a method of determining the
transfer function of a process and is described in
most standard textbooks on process dynamics. See,
for example, Luyben [1]. To carry out a pulse test,
a signal pulse of arbitrary shape is introduced in
the input to the process. The resulting output
signal is monitored. The first task of a transfer
function analyzer is to analyze the input and out-
put signals into their Fourier spectra. From these
spectra it calculates the amplitude ratio, A.R.,
and phase angle, ¢, between the input and output
at various frequencies, w. These then allow the
Bode diagram to be constructed and the nature
of the transfer function to be deduced.

Let £(t) and h(t) be the input and output
pulses respectively. Denote their Laplace trans-
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forms by Ir?fr?s) and H(s). The transfer function
G(s) is then given by G(s) = H(s)/F(s). The
frequency "response function is obtained by re-
placing s in the transfer function by iw. w is the

frequenc'}y of the input signal and i = \/-1. Thus
the frequency response function is given by
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A, B, C and D are the real and imaginary parts of
the numerator and denominator. The numerator
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This paper describes one such development where a microcomputer was programmed to
function as a transfer function analyzer and was used to investigate the dynamics of stirred vessels.
The main objective . . . is to illustrate the theory and application of the pulse test.

and denominator can be identified as the Fourier
transforms of the output and input respectively.
For any input pulse and its resulting measured
output, A, B, C and D can be evaluated for differ-
ent w. From these the amplitude ratio and phase
angle can be calculated.
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Plotting log (A.R.) and ¢ against log (w) gives
the Bode diagram.

In this experiment the input pulse was a rec-
tangular pulse: ie, f(t) = 0 fort < 0 and t >
te; f(t) = f, for 0 < t < tg. The width of the
pulse is t, and f, is a constant. It is the height of
the pulse. For such an input C = f, (sin(wty)) /o
and D = f, (cos(wtq) - 1) /o.

EXPERIMENTAL SETUP

Fig. 1 is a schematic representation of the ap-
paratus used. Water from a cold tap was fed to
the stirred vessels at a constant rate, F, via a
rotameter. Fluctuation in this stream was kept
to a minimum during the experimental run. The
input signal was a rectangular pulse of concen-
trated salt solution. This was injected directly into
the first stirred vessel. The salt solution was de-
livered by a syringe pump at a constant rate F,.
To generate the rectangular pulse the pump dis-
charge was intercepted and diverted away from

Rotameter Syrirnge Pump

\utobialance Digital

Bridge Voltmeter

Micro-
computer

To Drain

Stirred Vessels

FIGURE 1. Apparatus for pulse testing of stirred vessels.
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the stirred vessels for t < 0 and t > t,. This way
a very sharp rectangular pulse of accurately con-
trolled width was produced.

The salt concentration in the outlet was con-
tinuously monitored by a conductivity cell in the
final stirred vessel. This cell was connected to an
autobalance bridge (Wayne Kerr TUniversal
Bridge B642). The analogue output from the
bridge was sent to a digital voltmeter. Its digital
output was in turn fed to a microcomputer (Com-
modore Pet 3008) using an IEEE interface.

The stirred vessels were 1000 c.c. plastic beak-
ers. The flow rate of water was kept constant at
approximately 160 c.c. per minute giving a resi-
dence time of about 6.25 minutes per vessel. The
flow rate of the concentrated salt solution was
much smaller than F, with a typical value of 9 c.c.
per minute. The concentration of the salt solution
depends on the sensitivity of the conductivity
measurement. It should be sufficiently concen-
trated so that a distinct output signal could be de-
tected. On the other hand, for ease of converting
conductivity readings in mhos into concentration
in gm. per c.c., the maximum output signal should
stay within the linear range of the conductivity
vs concentration calibration curve. A suitable con-
centration can be established by a test run. For this
experiment a salt solution of 0.16 gm. per c.c. was
used. This together with F,, = 160 c.c. per minute
and Fy = 9 c.c. per minute gave a pulse height f, =
8.5 X 1072 gm. per c.c.

The choice of input pulse width, ts, depends
very much on the time constants of the process
under investigation. Luyben recommended, as a
rule of thumb, that the pulse width should not ex-
ceed one half of the smallest time constant in the
process. In this experiment pulse widths between
three to four minutes were used.

COMPUTER PROGRAMS

There are two main programs associated with
this experiment. The first program is a short real-
time program which directs the computer to obtain
from the IEEE interface the conductivity read-
ing. Sampling intervals between 20 to 30 seconds
were used. These sampling frequencies can be
achieved with a program written in Basic or simi-
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lar high level languages. This program was started
simultaneously with the injection of the pulse of
salt solution. During the experimental run data
collected were stored as an array in the computer
memory. For a typical run lasting about two
hours a 1 X 400 array would be needed. This is
within the capacity of most microcomputers. At
the end of the run these data were transferred
to a cassette tape for subsequent processing. The
run was terminated when the conductivity of the
outlet returned to that of pure tap water. Other
data transferred to the tape were F,,F,t4, concen-
tration of salt solution used, sampling interval
used and slope and intercept of the linear calibra-
tion curve.

The second program reads the data from the
tape and performs the computation for A, B, C, D,
A.R. and ¢ according to the expressions derived
above for each w entered from the keyboard. To
get A and B from the measured output h(t)
numerical integration has to be carried out. This
was done by the trapezoidal rule. The sampling
interval was also used as the interval for the trape-
zoidal rule. Interpolation between sampling points
was tried out to test the accuracy of the numerical
integration. This is particularly important for
large w.

RESULTS

The Bode diagrams derived from two experi-
mental runs are shown in Figs. 2 and 3. Fig. 2 is
for a single stirred vessel (volume = 955 c.c.,
F, = 160 c.c. per minute). Fig. 3 is for two stirred
vessels in series (volumes = 970 c.c. and 990 c.c.,
F, = 160 c.c. per minute).

From the asymptotes of the Bode diagrams it is
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FIGURE 2. Bode diagram for single stirred vessel.
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FIGURE 3. Bode diagram for two stirred vessels in series.

clear that the single stirred vessel behaved as a
first order process with G(s) = 1/(6.3s + 1). The
two vessels in series behaved as a second order pro-
cess with G(s) = 1/(6.2s + 1)2 s is in reciprocal
minutes. The value of the time constants are in
good agreement with the theoretical values given
by volume divided by the flow rate.

In the calculation of A.R. and ¢, results showed
random scatter when o > 2 radians per minute.
This is to be expected. For a pulse width of 3 to 4
minutes the “frequency content” for w > 27/t =
1.5 radians per minute becomes very small leading
to unacceptably small signal to noise ratio. The
upper limit of o can be extended by reducing the
width of the pulse.

DISCUSSION

The microcomputer performed very satis-
factorily as a transfer function analyzer. The pulse
tests have successfully determined the transfer
functions of the stirred vessels. The most at-
tractive feature of this experiment is that it il-
lustrates clearly every stage of the working of
pulse testing.

If time permits, students should be encouraged
to find out for themselves the proper choice of
pulse height, pulse width, sampling frequency etc.
as these are crucial to the success of pulse testing.
They should also be given the opportunity to
analyse and, if necessary, modify the programs
used in the experiment. This would serve to re-
move any feeling of “black box” for the transfer
function analyzer.

The same apparatus can also be used to per-
form step tests. For such a test the stirred vessels
are filled with salt solution. At t = 0 the tap water
feed is turned on. The salt concentration of the
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outlet is again monitored. Curve fitting techniques
can then be used to obtain the time constants. At
the University of Edinburgh step tests and pulse
tests on various arrangements of stirred vessels
were carried out by students as a laboratory
project lasting for a week. In addition they were
required to construct the conductivity-concentra-
tion calibration curve. This was again carried out
with the aid of the microcomputer. The project
proved to be a very effective tool for illustrating
the principles of process dynamics in general and
the dynamics of stirred vessels in particular. 0O
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SIMULATION AND MODELLING

Continued from page 63.

tions), thermodynamics, heat, mass and mo-
mentum transfer, as well as computer pro-
gramming. It is possible to exert some control on
the background in many topic areas, but in some
key subjects (such as programming) the back-
ground varies widely among the students. These
students have usually followed the prerequisite
courses at other military colleges before trans-
ferring to RMC for their final two years. It is
therefore unavoidable that some precious time has
to be spent in bringing all the students up to the
same level.

One handicap is in the lack of good textbooks.
Presently, Mickley, Sherwood and Reed [1] is used
for the modelling part, and Daniels [2] is used as a
reference for the optimization part. The need for
more recent textbooks, especially in modelling, is
obvious, and a search for them is always under
way.

On the positive side, the small size of the
classes (twenty students) is a real asset; the
course can be more tutorial in nature and more
time can be devoted to each individual. Assessment
of the students can be performed more often, with
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three quizzes and a final 3-hour exam in addition
to the assignments and projects. The performance
of each student can be monitored closely and prob-
lems cured soon after they show up.

The course is considered as a dynamic pro-
cess, where improvements are continuously
sought and made. Currently, more simultation
problems are needed in order to cover the spectrum
of chemical processes and of systems suitable for
simulation. It is necessary to expand the course to
include economical models within the mathemati-
cal models of the processes. Finally, as RMC is
about to acquire a new and more powerful com-
puter, it is expected that the limitations imposed
by our present computer will vanish and that more
interesting simulation/optimization problems can
be solved by the students in a more efficient
manner.

CONCLUSIONS

The present simulation/optimization course
taught at RMC is the result of rapid evolution over
several years. Divided into four main parts (op-
timization, simulation, differential equations
solutions and mathematical modelling), the course
emphasizes the effective writing of differential
equations in order to simulate chemical processes
or physical systems and the solution of these
mathematical equations either analytically or
numerically.

Simulation of the systems in steady state
allows the prediction of the properties of that
system as a function of the value of the various
control or design parameters, which can be op-
timized using suitable optimization techniques.
This permits the effective design of chemical pro-
cesses to meet the needs of industry or the armed
forces particularly.

Although the course is satisfactory for the
moment, the staff wishes to make further improve-
ments. Better text books and a greater variety of
simulation problems are needed. Hopefully this
presentation will bring comments, criticisms and
suggestions from readers with relevant ex-
periences. O
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