




















Fig. 6 Mag,netic Drum Storage 



The objective of the project was to use a cOInputer control systeIn to optiInize 
a batch process. The process chosen was the hydrogenizationo of cottonseed 
oil to forIn oleoInargarine. The usual batch process control is shown in Fig. 7. 
The criterion for optiInization is that which would have been norInally chosen 
by InanageInent - to cOInplete the process in a IniniInuIn length of tiIne, i. e. at 
the lowest cost. Both analog and digital cOInputers were considered, but an 
analog cOInputer was chosen for this experiInent on the basis of cost and avail­
ability several years ago. 

While the proces s chosen was relatively simple cOInpared with Inany industrial 
processes, yet the details of the process kinetics and response characteristics 
are not known. The variables that express process behaviour were difficult to 
measure, and statistical fluctuations in the process Inade it difficult to Ineasure 
the ·exact state of process at anyone tiIne. Measurements of product COInposi­
tion were Inade by refractive index and by infrared spectography to cOInpute 
control of teInperature and pressure, as shown in Fig. 8. 

The procedure consists basically of setting up the initial conditions and the 
desired final conditions in the computer. The equation for the process is 
known only approxiInately, and the path was derived using calculus of variations. 
Fig. 9 shows the cOInputed path. The cOInputer was used to control the process 
along the desired path. If, however, deviations between the two paths occur, 
the cOInputer recoInputes an optiInuIn path by a self-checking cOInputer and 
guides the systeIn along a new path to the end point. 

We can see here siInilarity between this and experience in the Inilitary control 
field. When an aircraft is being controlled to fly toward a given target and if 
it deviates froIn this path or if the wind changes, it does not atteInpt to go back 
to the old path but flies a new course which gives the IninimuIn time of approach. 
Fig. 10 shows a plot of the actual path in test runs, This shows that the experi­
mental points compared with the predicted curve are in good agreement. The 
workers conclude that the experimental results deInonstrate that optiInizing 
for cOInputer control is feasible with existing equipment. In particular, the 
batch process could be controlled so that a product of desired specification was 
produced and this was done in a miniInuIn proces sing time following a path 
which always provided the optimum path froIn the point of the process. In con­
cluding, the authors pointed out that total control of the plant would require 
more automatic instruInentation, a more cOInplex computer, a magnetic drum 
storage, and provisions for prograInming start-up and shutdown operations. 
It is evident from these conclusions that a digital computer would have been a 
much. mOre flexible tool for a control application of this type. 

3. Continuous Process Control. A teaIn of engineers froIn DuPont and 
Burroughs has recently carried out an on-line digital computer analysis of a 
chemical process to investigate requireInents for computer, instrumentation, 
and output (Refs. 6 and 7). The controlled process was a chemical reaction 
between liquid and gaseous ingredients at the Electrochemical Department of 
the DuPont Niagara Falls plant, shown in Fig. 11. Eleven measurements 
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Fig. 8 

AUTOMATION OF HYDROOENATION PROOESS (COMPuTER CONTROL) 

La - Level Control 
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Fig. 9 
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were selected to define the instantaneous state of the process. These were 
ten liquid levels and one chemical composition of reactor output. These data 
were transmitted to the Burroughs' general-purpose computer UDEC 11 in 
Philadelphia where flow rates and other calculations were made (see Fig. 12). 
The results were then transmitted to Wilmington, Delaware and displayed. 
The results gave continuous data on total production, production rates, raw 
material used, yield, material balance, and los ses. 

The computation required about 2, 150 storage locations (1, 800 instructions 
and 350 numbers), took 20 seconds of computing time, and was repeated every 
six minutes. Measurement and conversion required about three minutes, and 
a computation was performed every six minutes. Results were averaged over 
half-hour intervals. Fig. 13 shows reactor yield and Fig, 14, total production -
typical compute r 'output s, 

The results proved the feasibility of digital control of continuous processes and 
gave data on computer and output requirem.ents. Improvements that could be 
made in plant instrumentation were also indicated. 

4. A New Digital Control System. One great deterrent to the employment 
of computer control in the process industry has been the lack of availability of 
a process control computer designed specifically for this type of application. 
You will note that at Case Institute analog equipment was used because it was 
cheaper and available at the time. In the Burroughs -DuPont experiment a 
scientific computer was employed. In general, industries are not willing to pay 
for the development of special digital computers for proces s control systems. 
They consider it too much of a gamble at this stage. Again we might draw.a 
parallel with business, Business did not trust electronics at first - now they 
embrace it to the point of ordering data processors without knowing what they 
will be used for. The equipment now in use, even though it may be 'three or 
four years old, is reliable. Self-checking is possible, and, in general, we 
might say that busines s is quite satisfied with performance. 

We have under design in our company, based on our military computer experience, 
a digital control system designed specifically for industrial control - with high 
reliability. This digital control system will consist of a digital computer and 
associated conversion equipment to provide analog inputs and outputs, As such, 
it can be employed in a great variety of industrial control situations. It will 
be a serial magnetic drum computer with storage for 8, 000 words. The com­
puter has general purpose stored program capability. A particular feature of 
lts design for industrial proces s control is its ability to accept in analog form, 
.-.:ignals from a large number of process measuring instruments and to furnish 
in analog form, signals to a large number of process control actuators. A large 
number of digital inputs and outputs may also be handled. All circuitry will 
use transistors and diodes. The computer is being developed by a group of com­
puter engineers in cooperation with a team of engineers experienced in the 
various phases of chemical and industrial process instrumentation and control. 
We expect to have this system completed by next fall. 
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Fig. 13. Computed Cumulative React:)r Yield 
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Conclusion 

Four developments in digital control that have corne about in the last year or 
so, or that are now under way, have been outlined. These results demonstrate 
the value of digital control in complex systems. System performance may be 
optimized even though process dynamics are known only approximately and multi­
variable measurements may be combined to compute production and yield rates. 
Finally, computers designed specifically for process control are under develop­
ment. 

In concluding, I would like to emphasize once more the need for operational 
experience in employing digital control systems. Our pre.sent situation reminds 
me of the old saying that the time to prune an apple tree is "when the saw is 
sharp." We have seen a steady sharpening of digital techniques, instrumentation, 
and knowledge of proces s dynamics - we are ready for more operational exper­
ience. 

Note: Figures 11, 12, 13, and 14 are reproduced from 
CONTROL ENGINEERING (Refs. 6, 7) 
Figur es 7, a, 9, and 10 are taken from Ref. 4 
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