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Abstract

The University of Tulsa has recently revised itsgaiss controls class from one 3-hour course to
one 2-hour course covering transient modeling ar@3hour course in advanced control
techniques with laboratory experiments. Theseslgieriments use the equipment from our unit
operations laboratory which is controlled with Hgwell PlantScape software. This allows the
students to gain experience with process contiftlvace used in industry.

The first experiment is tuning a PID feedback coligr for the flow manifold used with the
double pipe heat exchanger experiment. The seexperiment is tuning a feedforward
controller (lead-lag unit) for the liquid level ée bottom of the packed tower absorber. The
third experiment is cascade control of the tempeeadf an oil bath, and this is not part of the
unit operations lab but used PlantScape. A foexgeriment, used only as a demonstration for
this first year, is multivariable control of a disttion column.

PlantScape is designed for operating plants, mqaédagogical experiments, which led to
challenges in designing the labs. This presemtatidl discuss those challenges and how we
overcame them.

Industrial Process Control Course

This course is the second course in out procedsateiseries. In the first course, the students
learn to model transient systems, develop trarigfeations from those models, create block
diagrams and P&IDs, and select components for grfig@ddback PID control systems. This
second course continues with tuning PID feedbackroblers on physical systems and goes on
to feedforward, cascade, ratio, and multivarialoletiol systems. The textbook for the course is
Process Dynamics and Confrand this text covers these control systems amidduprocesses
for them. The course is set up as 1 hour of laboyand 2 hours of lecture per week, on
average over the semester.

The class was scheduled to meet from 8:00 to 1&5n Tuesdays and Thursdays, taking up
two 3-hour class slots. Lectures usually ran f@80 to 10:45 am. There were a total of three
lab weeks during the semester. For each lab ttigests were divided into groups of four and
assigned a 90 minute time slot for the lab. Theestts came in at 8:00 am only during lab
weeks, and then only if they were assigned an éaly Each lab was run after the tuning
information had been covered in the lectures.
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Experiment Overview

Most of the experiments use equipment from our ojpérations laboratory courses. Analyzers,
sensors, and control elements are connected tomayde@ll automated control system that runs
PlantScape software (Release 500.1). We plarstalitthe latest software version, Expefin

in the near future. More than 11,000 Honeywelbendtion systems have been installed since
1974, giving Honeywell the largest installed basthie automation industry Using this

industrial software in the unit operations and stdal control laboratories prepares the students
for using it on the job. The students will be faamiwith the software that their plant operators
are using, and they will already know how to geteeséep response curves. They will have seen
advanced control techniques implemented and knawtbdune them.

The first experiment is tuning a proportional-imaederivative (P1D) feedback controller for the
flow manifold used with the double pipe heat exgerexperiment (Figure 1). The flowrate is
measured by the pressure drop across an Annulzhtharflowrate is controlled with a valve.
There are three flowlines, each with its own Anmudoad control valve. The three Annubars
have different flow ranges, and the control valkasge different lift characteristics. The students
experimentally determine the lift characteristiosl ghe transfer function for the flowrate with
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Figure 1. Plantscape screenshot for the Flow Méhif Setpoints (Set Pt.); controller modes
(MODE); proportional (P), integral (1), and deriixag (D) controller settings; valve openings
(CV-#, % open); and flowrates (FX-#, gpm) are abhwn.
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respect to the control valve opening. They tui@lacontroller using internal model control
setting, and then they implement and test the obbatr At the end of the experiment they were
supposed to apply their tuning to another flowlimet all of the students ran out of time.

The second experiment is tuning a feedforward-faekllzontroller with a lead-lag unit for the
liquid level at the bottom of the packed columnabser (Figure 2). One existing feedback
controller controls the flowrate into the top oéttower by manipulating a control valve on the
inlet line, and another control valve manages itingd level at the bottom with a control valve

on the liquid outlet line. After determining trdesfunctions, the students add a lead-lag unit to
the level controller that anticipates level chandes to the valve opening of the control valve

for the inlet flow. They tune the lead-lag unitdaest its response to small and large changes in
inlet flowrate.
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Figure 2. PlantScape screenshot of the Packed@oéxperiment. The feedforward
controller adjusts the outlet flow valve (CCV-1)kd on information from the inlet valve
position (CC\-3) in order to keep the level at the bottom ofabkimn (LC-1) steady.

The third experiment is cascade control of the enapire of an oil bath (Figure 3). This
equipment is the only one that is not part of thi2 aperations lab, but it still uses PlantScape.
The cascade controller attempts to control the &ratpre of oil in a beaker on a hotplate. The
master controller sets the setpoint for the slardroller based on the oil temperature. The slave
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Figure 3. PlantScape screenshot of the Hotplasedke Control. The oil temperature is the
process variable (PV) for the Master PID Controléerd the hotplate temperature is the
process variable for the Slave PID Controller. ©hgput (OP) of the master controller is
scaled and becomes the setpoint (SP) for the slaveoller.

controller adjusts the hotplate voltage based erhtiiplate temperature and its setpoint from the
master controller. In the first year, the studemse asked to tune the slave and master
controllers and test the response to a disturbaktmst were able to test at least two
disturbances.

A fourth experiment, used only as a demonstratiwrHis first year, is multivariable control of a
distillation column (Figure 4). The column hasefileedback control loops. Feed and distillate
flowrate controllers both control the flow with androl valve on the pipe. The condensate
temperature is controlled by manipulating the auplvater flowrate. The condensate
accumulator level is managed by adjusting a contble on reflux flow back to the chamber.
The reboiler level is controlled by turning the toods pump on or off. The power to the feed
heater and the reboiler can also be set. In thegsfhe column was still under development, but
the students were able to watch the column apitoaghed steady state with only water. In
future years the students will be asked to detegrirensfer functions for some interacting loops.
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Figure 4. PlantScape screenshot of the Distitla@Golumn. Control loops are indicated by
the light blue boxes where the process variable,(B&tpoint (SP), and manipulated
variable (operating variable, OP) may be set.

The PlantScape software allows the students t@xperiments with the controller on (AUTO or
CAScade modes) or off (MANual mode). With the colér off, the students may specify the
manipulated variable value: the control valve patopening or the voltage into the hotplate.
With the controller on, the students may specigy/phocess variable (flowrate, level, or
temperature) setpoint and adjust the controlleingiproportional, integral, derivative, lead, and
lag constants). The software can be set up todebe manipulated variable and process
variable values.

For some of the experiments, the students hadashaigsis to perform before running any
experiments. All labs had a report, and the sttederere required to revise the first report and
submit a second version.

Implementation Challenges

The first challenge in setting up these experimarase due to the original intent of the
equipment and limitations of the PlantScape sofwarhe flow manifold was intended simply

to set the stream flowrates for the heat exchangetdor process control experiments. The lab-
scale equipment is much smaller than most plaregtpuipment, and the corresponding time
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constant and time delay are order of seconds. Pldn@Scape software was set up to record data
every 5 seconds. Data are updated on the screeim more often, but only the 5 second average
was exportable to an Excel spreadsheet. [We hage shanged this setting to 1 second.]
Students cannot fit a first order plus dead tim@RPBT) model to a system with time constant
and time delay under 5 seconds with data recorde & seconds. To work around this
problem, | used two features of the PlantScapevsoét to alter the time constant and time delay
of the process. One feature time averages the, deiach is useful for noisy data and

effectively changes the time constant of the precdhe second feature adds a dead time to the
datd. One could model the overall process as theraighysical process followed by a
measurement and transmission transfer function.s&Véhe measurement and transmission time
constants from 0.4 to 0.6 minutes and the deadftiome 3 second to 9 seconds. At these
settings, the measurement and transmission coastené much larger than the physical
constants, and we could choose the transfer fumébiothe process, as long as the constants
were 5 seconds or longer. This released us fremestrictions of the physical equipment’s
constants and allowed us to choose values thateddsktter for our process control experiment.

Another major limitation was time. The studentgevgiven 1.5 hours to complete the
experiments and in-lab calculations, and this oftas not long enough. Different
compensations could be or were made for each lab.

* In the first experiment, PID control of a flow ménid, the students recorded the flowrate
response to step changes in valve opening. ThayHFOPDT model to the data and
calculated PID tunings based on the model. They timplemented the tunings. The
students had forgotten how to fit the FOPDT modeldta and calculate tunings.
Requiring a pre-lab report in which they fit a FOPm@odel, calculate tunings, and
provide a spreadsheet to calculate tunings basédgedab data will reduce the time
limitations on this experiment.

* Inthe second experiment, the feedforward contrdhe tower liquid level, the students
did an unsteady mass balance on the system béfotali. They also found the
relationships between the disturbance transfertimm@and the lead-lag constants. The
slow part of the lab was experimentally determirtimg disturbance and process transfer
functions. The level at the bottom of the tanknsintegrator process, and it is very hard
to reach a steady state so that a step changévimmaening can be made. In the future,
we will probably produce step changes for thenntalyze in the pre-lab report and let
them try a few in the lab to see how difficult tisstem is to control.

» The third experiment on cascade control of a heladtil had the opposite time problem
from the flow manifold: the time constant of theecall process is 20 minutes. For this
lab we did provide the results of step changesheistudents to analyze before the lab.
They also determined the tunings for the slaveraaster controllers before arriving in
the lab. The system was at steady state befoyeathiged to run experiments. They
adjusted their tunings and tested the responselistibance. We provided them with
the response of a plain PID feedback controlléghéosame disturbance for them to use in
comparison. This lab probably ran the best on tmastly because we applied some of
the lessons learned from the previous labs.

" Under PID Point Detail, PV&OP tab, set Filter Tifminutes).
" In Control Builder, add a DEADTIME auxiliary blodk the module.
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» The fourth experiment, multivariate control, has Ib@en run yet since the equipment is
still in development. Based on previous labs, vilenged to generate the step responses
for the students to analyze before the lab. Weneiéd to bring the system to steady
state before they arrive. They will be able td the responses of their tunings to setpoint
changes during the lab time.

The total time in the lab was 6 hours, which isebdugh for 1 credit hour. We may need to
revise the class schedule in the future to relaxithe constraints and make the lab portion of
the class worth 1 credit hour.

One last challenge is that the original experini@splays and Trends in PlantScape did not
always include enough information for process aargkperiments, even though there was
enough information for unit operations experimerfsr example, the valve position on the inlet
line for the tower (feedforward experiment) is needed in the unit operations lab, but it is
needed in the process controls lab. PlantScapebruslid to keep a long-term history of data,
or only the data on the screen since the last Treschling are exportable to Excel. Expanding
the list of variables that are “historized” is enpie change to make in Control Builder

Summary

Some unit operations experiments run with Honey®RkhtScape have been successfully
adapted to process control experiments. Someulifies were encountered with both fast and
slow process kinetics. The fast kinetics were kahdsing PlantScape’s time averaging and
dead time features and changing the data recorditeg Slow kinetics were handled by
providing the students with extra data to analyz@®ite and after the lab exercise. Major time
limitations on the experiments were handled mdsylproviding data for analysis before the lab.
A small problem in that the Displays and Trendsensst set up for process control experiments
was easy corrected by adding variables to the Hi€onfiguration. The students had the
opportunity to practice measuring step responsefd controllers, and evaluating tuning
effectiveness, all with commercial process conggplipment that they may see on the job.
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* In the Project tab of Control Builder, right click the module name. Choose Configure Module Petens1 Add
the needed parameters under History Configuratiothe Server History tab.
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