mmboratory )

COMPUTER CONTROL
OF A DISTILLATION EXPERIMENT

CaArL T. Lira

Michigan State University
East Lansing, MI 48824-1226

sing the GENESIS environment, software has

been developed for computer control of a 10-tray
column in the chemical engineering department at
Michigan State University. The software permits
sequenced start-up of the column, transition to
steady-state cascade control, and data acquisition.
During runtime, process data are displayed on an
equipment schematic or a graphical trend window.
The GENESIS software is a powerful authoring sys-
tem for writing control and data acquisition pro-
grams and requires minimal background in com-
puter control.

EQUIPMENT AND INSTRUMENTATION

Our department developed the control program
to help introduce industrial-style computer control
to undergraduate students. The system has two dif-
ferent columns which may be used independently
and a single reboiler, condenser, and tank system.

Flows through the desired column are obtained
by moving blind flanges just above the reboiler and
just below the reflux splitter. The columns are Pyrex,
which permits the students to observe upsets in the
columns as well as normal tray operation. The six-
inch diameter columns have ten trays. One column
consists of five valve trays and five bubble cap trays.
The other column consists of sieve trays. The trays
are constructed from stainless steel and Teflon. (Fur-
ther reference to the system will refer to "the col-
umn' since only one column is used at a given time.)

Our department developed the control

program to help introduce industrial-style
computer control to undergraduate students. The
system has two different columns which may be
used independently and a single reboiler,
condenser, and tank system.
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A schematic of our equipment is shown in Figure
1. The input and output signals are summarized in
Table 1. All of the wiring from the column passes
through conduit to a wall panel box. An identical
panel box is installed on the back of the computer
cart. BNC and computer cables are used to connect
the two panels. This provides flexibility in computer
location as well as in use of the computer with other
experiments.

INTERFACE HARDWARE

An IBM AT is used for computer control. We
purchased interface hardware from Analog Devices
Inc. We use both RTI815 and RTI817 boards in the
computer. These boards require signal conditioning
which must be performed with additional boards.

The combination of boards and configuration are
dependent on the large number of signals which
were interfaced in our system, and details will be
supplied upon request.

SELECTION OF SOFTWARE

Several different commercial programs are avail-
able which could equivalently fulfill the objectives of
this project. GENESIS was selected because of the
following capabilities:

1. A user-friendly interface which requires minimal
expertise in hardware/software interfacing and data
input

2. Graphic display of the process flowsheet and
process variables
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3. Graphic-based control-loop strategy to provide easy
editing and visualization of the control loop

4. Sequencing to permit stepwise start-up of the
column

5. Security to limit the control parameters and
setpoints the students can change

6. Capability of "on-the-fly" alteration of control
parameters.

In addition to the above advantages, MSU had
previously purchased the interface hardware and
therefore did not need a hardware/software combi-
nation. We also knew that GENESIS software had
received favorable reviews.'"?!

PROGRAMMING WITH GENESIS

There are two main components of GENESIS—
the strategy builder and the runtime system. The
strategy builder is used to "write" the control pro-
gram. Actually, no code needs to be written since the
control loops are entered graphically on the screen.
As part of the strategy builder, GENESIS provides a
powerful graphics program (the graphics builder) to
construct schematics of the process which are to be
viewed during process control.

An example of a simple strategy is shown in
Figure 2. The strategy is constructed using a mouse
to select icons from pictorial menus. By clicking on
an icon, the algorithm blocks are selected and may
be placed on the screen, dragged, and sized with the
mouse.

Each of the algorithm blocks is labeled with an
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acronym which identifies the type of block. In Figure
2, DEV represents the interface board (hardware
device). AIN, AOUT, and DOUT are analog inputs,
analog outputs, and digital outputs, respectively.
DGAP and PID represent a gap controller and PID
controller. Many other blocks may be used, includ-
ing an F(x) block which may contain up to five lines
of calculations using several inputs and registers.

Each algorithm block is given a tag name to
make the block unique and easily identifiable. In
this example, temperature input blocks are indi-
cated by PLATE1 and PLATE7. The DGAP control-
ler and PID controllers are used to control the re-
boiler level and steam flow. Specification of details
of a block is achieved by selecting the block with the
mouse and entering information in parameter win-

AIN AIN AIN
REBLVL PLATEI f PLATE7

DGAP DEV PID AIN
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)

Figure 2. Example control strategy as constructed by
strategy builder.
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dows which pop up on the screen. The actual control
loop is more complex than Figure 2 because it is
desirable to use direct manipulation of the steam
flow setpoint while keeping the temperature control-
ler disabled during start-up of the column or for
manual override of cascade during operation, as
shown in Figure 3.

An example of our control screen designed with
the graphics builder is shown in Figure 4. As the
students step through the start-up procedure, differ-
ent control screens are displayed. For each of our
screens, the equipment schematic remains the same,
but the control panel in the upper left contains dif-
ferent instructions. Figure 4 is the cascade control
screen. The control screen is displayed using colors
which are not reproduced here. During runtime, the
graphics screens provide instructions and data dis-
play. Depending on how the graphics are designed,
process data may be displayed numerically, graphi-
cally, or pictorially using a change in the size or color
of an object. In our schematic the valves are dis-
played in brown when closed and bright green when
opened.

On the control screen, all process data are nu-
merically displayed near the sensing device in the
schematic and are updated each second. The secu-
rity of cursor positions and the range of valid entries
is controlled. The only valid cursor locations are the
data-entry positions in the control panel in the up-
per left of the screen.

ing runtime to follow the controller performance
and the approach to steady state. Trends may be
displayed over time intervals of 1, 6, or 30 minutes
only. Up to 20 variables may be trended and are
displayed on the screens in groups of up to 5. The
screens may be selected using the "Page Up" and
"Page Down" keys. An example of a trend window is
shown in Figure 5, illustrating the effect of a tem-
perature setpoint change on the steam flow rate.
The trend windows utilize colors to differentiate be-
tween variables and labels. For Figure 5, different
fonts have been used to differentiate variables for
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Figure 3. Schematic of the cascade control loop used for
the MSU distillation column.
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Figure 4. Example control screen for the MSU control program. This screen is the screen

for cascade control
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purposes of this publication. During runtime, ac-
quired data may be written to the hard disk at time
intervals ranging from 1/10*-second upwards.

STUDENT USE

The objectives of the use of the distillation equip-
ment are:
* to expose the students to the industrial equipment
and sensors

* to run the column at steady-state and collect and
analyze tray samples to calculate tray efficiencies

* to expose the students to an industrial-style control
system.

The students are provided with a short problem
statement. Typically, they are to separate an equimo-
lar feed of ethanol and propanol to a product of 90%
ethanol and bottoms of 90% propanol and to deter-
mine Murphree tray efficiencies. They must obtain
literature data to construct the x-y diagram and
then perform a McCabe-Thiele analysis to predict
the composition on tray 7 at steady-state, which
determines the setpoint temperature. Also, the ap-
propriate reflux ratio must be calculated.

During the first 3-hour laboratory period the stu-
dents familiarize themselves with the experiment by
watching a video tape which illustrates the start-up
procedure and use of the computer. The teaching
assistant demonstrates the use of the gas chromato-
graph used for sample analysis. Students read
through the laboratory manual which contains por-
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Figure 5. Example trend window which may be viewed
during experimental runs.
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During the first 3-hour laboratory

period the students familiarize themselves with
the experiment by watching a video tape

which illustrates the start-up procedure

and use of the computer.
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tions of the data sheets and documentation which
the manufacturers supply with the instrumentation.
Upon student request, the column is started to fur-
ther illustrate correct operation.

The students submit a written project proposal
twenty-four hours before the second laboratory pe-
riod which summarizes their McCabe-Thiele calcu-
lations and proposed laboratory procedure. Upon ap-
proval, the students may begin the experimental
work.

A six-page instruction summary in the labora-
tory manual provides the necessary guidance for the
use of GENESIS with this experiment. Although an
experienced operator can start the column without
the instructions, the printed information provides
useful reference regarding the steps performed at
each screen during the sequence, hints on steam
flow during start-up, explanation on handling alarms,
and important keystroke combinations to plot trend
data on the control screen.

The sequencing capability of GENESIS is uti-
lized during the start-up to display instruction
screens to the students. At each screen the students
must take some action, such as verifying that the
cooling water is flowing, or draining condensate from
the steam line, or turning on the pump. When they
are ready to proceed, a keyboard command takes
them to the next sequence step.

Feed is prepared by mixing alcohols from the
product and bottoms tanks. The composition is de-
termined by gas chromatography. Usually, students
use 30-45 minutes to drain the tanks and prepare
the correct feed composition. Start-up of the column
is achieved using the steam-flow controller only. The
setpoint is entered on the screen by the students.
Although the written instructions provide sugges-
tions on the steam flowrate, the final choice is made
by the student. Typically, the students will encoun-
ter some type of difficulty during start-up, such as

* flooding due to vapor flow up the downcomer of the

bottom tray

* flooding on the feed tray

« reboiler level too high or too low

* slugs of vapor in the reboiler thermal siphon, causing
incorrect readings in the reboiler level.
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Usually, we permit the students to encounter
these difficulties because they help to illustrate the
limitations of control systems. In the absence of com-
plications, vapors reach tray 7 in about fifteen min-
utes and the condenser in thirty minutes.

After vapors have reached the condenser the stu-
dents proceed to the cascade control screen shown in
Figure 4. Two factors are important in determining
the approach to steady-state. First, the temperature
controller has very little integral control due to the
sluggish behavior of the system. Students are en-
couraged to use the manual steam flow setpoint
until the temperature of plate 7 is within three de-
grees Celsius of the desired setpoint before proceed-
ing to cascade. The second factor is that GENESIS
provides bumpless transition of the steam flow set-
point upon transfer to cascade control, which means
the steam setpoint will be adjusted gradually from
the value existing at transfer to cascade control.
Students are encouraged to anticipate the sluggish-
ness and adjust the steam flow setpoint up or down
before transferring to cascade control. This adjust-
ment requires them to make a judgement as to
whether the system will overshoot if operating at
the current settings. An overshoot of a couple of
degrees will result in stabilization at setpoint taking
up to fifty minutes. A well-planned transfer to cas-
cade will result in a stabilization in about twenty
minutes. The trend screen data plots are useful in
watching the approach to setpoint and steady-state.

After tray 7 has reached the setpoint value, tray
temperatures are monitored for at least twenty min-
utes to assure that temperature drifting (composi-
tion changes) are not present on any trays. The
students then collect tray samples.

Shutdown of the system is also performed using
GENESIS. Shutdown uses the same procedure as an
emergency shutdown, so the student operator enters
a "Y" in the cursor location next to the "EMER-
GENCY SHUTDOWN?" prompt in Figure 4. (This
prompt is present on all screens.) The record of col-
umn history is printed from the hard disk following
completion of the experiment and is submitted with
the student's laboratory report.

Typically, students will repeat the experimental
run in a third laboratory period, making slight modi-
fications to the reflux ratio or setpoint temperature.
With our current laboratory objectives, the students
do not have adequate time to fully explore the wealth
of control experiences feasible with GENESIS. Pos-
sible control exercises include studying the effects of
sudden changes in feed flowrate or reflux ratio. An-
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other possibility is to further explore the tuning of
the controllers. Typically, the students do not fully
appreciate the sluggishness of the system. An ex-
ample exercise would permit them to increase the
integral control to improve the rate of approach to
setpoint and then observe that the change results in
continuous oscillations about the setpoint value. An-
other possibility is to permit the students to perform
the Ziegler-Nichols tuning of the controllers, or to
attempt control without using cascade methodology.
We do not utilize these unsteady-state exercises be-
cause, with the available laboratory time, it is not
possible to restabilize the system and collect tray
samples for meaningful comparison with McCabe-
Thiele analysis.

CRITIQUE AND SUMMARY

Student response to the use of GENESIS is ex-
tremely positive. We have chosen to install the con-
trol system on equipment that illustrates the use of
a large number of data inputs. GENESIS would also
be extremely useful for a smaller scale experiment
with a single control loop. The flexibility of software
permits the instructor to prepare exercises and con-
trol screens which require little knowledge of con-
trollers or which are very advanced. The capability
for watching unsteady-state behavior is excellent.
It would be easy to plot the integral, derivative
and proportional components of a controller on the
same trend window as the overall controller and
loop response. The use of logged data from the spread-
sheet compatible files permits the students to fur-
ther manipulate their data and prepare plots. The
data files are compatible with LOTUS 1-2-3 and
may be manipulated further, although we do not use
this feature.

We have found the application of GENESIS to
provide a powerful method for design of control and
data acquisition programs, especially for those with-
out experience in computer control. Because of the
graphic-based strategy builder, the programmer does
not need to develop or maintain expertise in reading
or writing to registers. Once an understanding of the
software has been developed, it becomes easy to
write new control loops. The control program does
not greatly change the instructional time that must
be spent with the students, but provides exposure to
an important aspect of control technology.
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APPENDIX 1: Equipment Description

The level indicators are floats which indicate only whether a
tank is nearly full or empty. All of the ball valves are air actuated,
with a sensor to indicate valve position. The air supply is switched
to the valves using solenoid valves in an air-supply line. The feed
pump is a small bellows pump. Feed rate is sensed with a
Micromotion mass-flow meter. The oscillations from the recipro-
cating pump cause fluctuations in the flow-meter readout which
are dampened by adjusting the electronic filter furnished on the
flow meter. The flow-meter signal is furnished to the computer as
a 4-20 mA signal. The feed enters the column after passing
through a single tube in shell preheater constructed from two
different sizes of stainless-steel tubing.

The steam is regulated from a supply pressure of 90 psig to
20 psig before entering the system. A steam pressure sensor
provides a 4-20 mA signal to the computer. Steam flow is sensed
with a differential pressure (DP) cell across an orifice plate. The
DP cell provides a 4-20 mA signal on a single pair of wires using a
24V supply. Steam flow is regulated by a 4-20 mA signal from the
computer. An I/P (current to pressure) converter provides the air
pressure to drive the control valve. The relative placement of the
orifice plate and control valve have provided satisfactory control
of the column. In the current configuration, the upstream pres-
sure on the orifice plate depends on the control-valve position.

The reboiler consists of a stainless-steel heat exchanger. The
reboiler level is sensed using a DP cell. This DP cell operates on
the same principles as the steam-flow DP cell. The reboiler level
overflow to the bottoms receiver is controlled with a solenoid
valve. The computer controls the solenoid with a bistate gap
controller signal based on the reading from the DP cell. A needle
valve in the overflow line serves as a restriction to limit the flow
rate. The gap controller is set to open the solenoid at hydrostatic
pressure of 25.1" of water and to close at 24.9".

The reflux splitter is driven by a 120 VAC solenoid. The
computer may be used to close a relay to provide the AC power or
a separate electrical/mechanical timer may also be used.

APPENDIX 2: Interface Hardware and Software

Analog signals are isolated and converted with an Analog
Device 3B signal conditioning system. Analog input signals from
the thermocouples and current inputs are converted to 0-10V
signals which the interface boards then converted to numerical
values of 0-4096. GENESIS reads the registers and converts the
register values to engineering units. The analog output for con-
trol of the steam flow is passed through the conditioning system
with a reverse of this procedure. Digital signal I/O is handled
through optical isolator modules and the signals are passed
through either the RTI815 or the RTI817.

GENESIS is available from ICONICS (phone 508-543-8600).
A variety of control versions is available in addition to a wide
range of device drivers to communicate with hardware from many
manufacturers. Data Translation and MetraByte boards, which
are popular in many university laboratories, are supported. GEN-
ESIS is priced competitively with other control packages such as
LABTECH Control. ICONICS offers a university discount. A very
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inexpensive demo version is available which is limited to 20
algorithm blocks.

APPENDIX 3: Using the Strategy Builder

The start-up of the column is achieved using a sequencing
algorithm block which is not illustrated in Figure 2. The se-
quencer is designed with a series of states. Eight states are used
in our start-up sequence, along with an emergency state. Control
events may be associated with each state. Sixteen bits are associ-
ated with each state which may also trigger events. The status of
each bit may change with a given state of the sequencer. In our
application, the sequencer is used to control the display of control
screens which provide instructions for start-up, enable alarms
and warning messages which alert the students when a step has
not been completed, and provide restrictions on the type of steam-
flow control for a given state.

After an algorithm block has been placed on the screen, the
details regarding the block may be entered by clicking the mouse
on the block. When a block is selected, a parameter window pops
up on the screen. Parameter values for input ranges, output
ranges, alarms, controller settings, etc., are entered in this win-
dow. All of the values entered in the blocks are in engineering
units, making the programming quite simple. The instrument
range and operating range may differ. For example, our thermo-
couple inputs provide an instrument range of 0-500 C, but the
measurements are only expected in the 15-110C range. By speci-
fying the operating range, the graphical use of the acquired data
is kept on a meaningful scale. GENESIS scales all data internally
for communication between blocks.

Following specification of the blocks, arrows are added be-
tween blocks, using the mouse, to specify the flow of information.
For example, in Figure 2 the reboiler level (REBLVL) is obtained
from the interface card (RTI815). At the time the arrow is con-
structed, windows pop up to facilitate specification of the input
channel of the card which carries the signal. REBLVL serves to
convert the raw signal to engineering units. OVERFLW provides
a digital signal to OVR, which communicates with the hardware
card.

TMPSET is an example of a block which does not obtain its
value from the interface card. The initial value of TMPSET can be
entered at the time the strategy is constructed, but the value may
be changed during runtime from the computer screen. This is
done by associating a particular cursor location on the control
screen with TMPSET during graphical construction of the control
screen. The graphics builder is used after the strategy has been
developed to design the computer-control screens which display
data from the strategy during runtime.

Careful design of the control loop and graphic display should
precede programming to minimize modifications. Alteration of
the strategy block connections or graphic display requires leaving
the runtime system and reentering the strategy-builder program.
Our system runs on an older 286 IBM AT which was slow in
loading the large strategy builder and in saving the compiled
control program "code.” On the other hand, most of the param-
eters for the algorithm blocks may be changed during runtime,
eliminating the need for reentering the strategy builder if the
structure of the strategy is correct. This makes controller tuning
relatively simple. The revised parameters are stored on the hard
disk, and by simply renaming a file after completion of the run
the revised parameter file becomes the default file. The details of
some of the strategy algorithm blocks are not described com-
pletely in the GENESISdocumentation, but many of the capabili-
ties exceed the needs for most applications. In general, a phone
call to the company quickly resolves any confusion. GENESIS
offers a training course which is helpful in learning the capabili-
ties of the software. O
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