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ROCESS DYNAMICS and Control is normally

taught to ChE students in their senior year.
At the University of Lowell this is a two semester
course consisting of 3 hours of lecture in the fall
semester and 1 hour of lecture and 3 hours of
laboratory in the spring semester. The fall semes-
ter course is intended to provide a sound theoret-
ical background in control theory with emphasis
on mathematical techniques, open and closed loop
systems and stability analysis (root locus and
Bode diagrams). The spring semester consists of
weekly lectures on advanced topics and laboratory
work consisting of digital and analog computer
techniques and experimental techniques using
hardware such as pneumatic and electronic con-
trollers, valves, level control systems and flow
control systems.

In addition the university has established a
college-wide digital control laboratory for the pur-
pose of developing real time systems and demon-
stration programs for both teaching and research
projects.

Three ChE seniors, (Dennett, Greenlee, Le-
Blanc) developed SYCONS as an elective senior
project in conjunction with this laboratory, work-
ing under the direction of the senior author,
(Wengrow).

SYCONS, which stands for Systems Control
Simulator, is an interactive program written in
BASIC which allows the user to simulate a closed
loop block diagram of up to 30 individual com-
ponents, consisting of a 3-mode controller (any
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combination of modes), step loads or setpoint, first
and second order systems, and dead times. The
transfer functions for components are shown in
Table 1. The set point can also be a sine wave and
the system may be run open loop.

TABLE 1
Transfer Functions for SYCONS
Transfer Function Name Comments
X=R-Y Comparator 1st element in loop
K1 + % + 7ps]  Controller g;’,n;’;’“;ﬁi)?ig)’ L, D,
G 1st order Specify G and +
s + 1
G 2nd Order Specify G, 7, and ¢
7287 + 2878 + 1
e-7Ss lag Specify + < 5
X=Y+TU Summing Must be between each
junction non-summing junction

element.

With these combinations available, most com-
mon type control problems arising in ChE can be
solved. The output consists of the time domain
response of the final element in the loop.

The program philosophy is to allow the user to
specify the control loop and provide answers in
the least restricted fashion possible.

The machine used is a NOVA 1200 with 16K
memory and disk storage. Input is through key-
board with CRT display or punched paper type
and output is CRT, line printer or punched paper
type.

Computing Algorithms—Each individual ele-
ment is considered as a block with input, X, and
output, Y. Summing junctions have an additional
input U which may be zero and serve both to al-
low step changes in load and to convert the output
of one block to the input of the next block.

Comparator—This element allows for negative
feedback and is analogous to the comparator in
real systems.
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Controller—A simple trapezoidal rule is used
for the integral portion and a difference approxi-
mation is used for the derivative mode.
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First and Second Order Systems—The rela-
tively unsophisticated Euler method is used for
the solutions of the first and second order differ-
ential equations. A time step of 0.02 is used
throughout.
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Time Lag—The time lag is achieved by storing
inputs in an array and recalling at the proper
time. Because of array size limitations for BASIC,
only time lags of 5 and less can be used.

Y(@#) =X(t-7) (4)

Also only one delay element may be used per loop
simulation.

USE OF SYCONS

THE USE OF SYCONS is relatively simple and
can be used by students of control with mini-

mum instruction. The closed loop process shown in

Figure 1 was run on the computer by way of il-

lustrations. In the language of SYCONS it con-

sists of 8 elements:

5. Summing Junction

6. First Order

7. Summing Junction
8. Time Lag

1. Comparator

2. Controller

3. Summing Junction
4. First Order

At each point in the program where a user
must enter information, SYCONS requests the
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FIGURE 1. Block Diagram.
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FIGURE 2. Response to step change in load.

proper information giving the user the proper
codes to assist in the input. Interested readers
may request a copy of the program from the
author.

Figure 2 is a plot of the time domain response
of the last element.

Several additional techniques can be used with
SYCONS. A sine wave can be used in the first
load position (comparator set-point) and if the
process is run open-loop the frequency response
can be determined. The derivative mode of the
controller can be used to generate an impulse fune-
tion by putting a step change into the set point
under open loop conditions and the integral mode
will generate a ramp input under similar condi-
tions. With an impulse input, data for Fourier
analysis can be generated.

CONCLUSIONS

YCONS APPEARS to work well and to be a

versatile tool for both the learning of process

control techniques and for the solution of complex
transient responses.

It has been used by several students with some
control background and was found to be simple to
use and instructive in illustrating methods that
were merely concepts.

A copy of the project report which includes the
program listing, additional illustrated examples
and the program logic diagram can be obtained
from Digital Control Lab, College of Engineering,
University of Lowell, Lowell, MA. 01854.
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