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It would appear to be rather fundamental that the prime objective in 
designing controls for a process is to satisfy the needs of that process. Far 
too many instrument engineers have overlooked this and have placed too 
much emphasis on making an impressive array of instrumentation. This 
does not necessarily benefit the process. 

G R A P H I C P A N E L 

Eleven years ago we introduced a new concept [1] in the field of process 
control. This technique overcame some of the previous short-comings of 
pneumatic control systems by employing a controller mounted near the 
control valve instead of on the control board. By placing the controller at 
the control valve, the lags inherent in the long transmission lines to and 
from the control board were eliminated. 

This technique eliminated control problems which arose because petro
leum refineries were increasingly using centralized control systems instead 
of locally mounted recorder controllers. 

We found also that the instrument to be used on the control board could 
be much smaller in physical size. These instruments could be arranged in 
a simple schematic diagram of the process in order to show together all of 
the effects of change in the plant operation. 

However, far too many control engineers saw only the opportunity to 
make elaborate control panels. Too few took advantage of the real gain 
inherent in the graphic panel type of control system. 

Many of the installations used a detailed flow diagram of the process 
instead of the simple schematic diagram. This tended to confuse the operator 
more than it helped him. Entirely too many of these installations completely 
forgot the fact that graphic panels were originated to achieve better control 
for the process; not to draw a pretty picture on the control board. 

Temperature is usually the most important function in the control of a 
chemical or petroleum process in that it is related to product composition 
or rate of reaction of the process. The other controls are usually there to 
assist the temperature controllers in their proper functions. For instance, 
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Fig. 1.—Relative frequency response curves. Electronic controllers vs. valve mounted 
and board mounted pneumatic controllers. , pneumatic controller mounted on 
valve; , electronic control A; electronic control B; , 100 ft of transmission 
to and from controller. 

flow controllers are used to smooth out the flows to and from the point 
of temperature measurement and control. 

If proper care is not taken to minimize transmission lags in a flow control 
loop, it is not at all impossible to find that the period of oscillation of the 
flow control loop will approach that of the temperature control loop. When 
this occurs the flow controller will harm the overall performance of the 
temperature control instead of helping it. This is because the controllers 
will tend to resist each other. 

When flow controllers were mounted at the control valve a very short 
period of oscillation was provided, completely eliminating the possibility 
of interaction with the temperature controllers. 

Those designers who used the graphic panel, but did not field mount 
their flow controllers, did not make use of this advantage. Therefore they 
lost much of the benefits available in the graphic panel type of installation. 

E L E C T R O N I C P R O C E S S C O N T R O L 

Six years ago when the first of our electronic control systems [2] was in
stalled, we found that the benefits to be derived from electronic process 
control were not that they were faster than a properly used pneumatic 
controller, but that electronics permitted better control of the slower 
systems, such as temperature. Rather elaborate frequency response tests 
were run which showed that electronic control was no better than pneumatic 
control on the control valve. Both, however, were far superior to a pneumatic 
controller at even 100 ft from the control valve. 

Subsequent tests showed that electronic controllers have a minimum of 
hysteresis. Consequently, they can detect and control temperatures more 
closely than had been heretofore possible. This, then, was the major ad
vantage in using electronic controls. 
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Fig. 2.—Top tower temperature control 
system. 

Fig. 1 shows the results of frequency response tests of two electronic 
controllers and a pneumatic controller mounted on a control valve as well, 
as the same pneumatic controller with 100 ft of J-in pneumatic trans
mission between the valve and the controller. These tests indicate that there 
is not much benefit to be derived from the use of electronic controls if one 
considers only their speed of response. However, a great improvement was 
found in the control of the slower systems, such as temperature. 

Fig. 2 shows an installation on a fractionation column where the top 
tower temperature was being controlled by means of a control valve in the 
reflux line. 

Fig. 3 shows that the controller held the temperature of the top of the 
tower to within ^ ° out of 200°, yet was properly responding (in accordance 
with the changes shown in the reflux flow record) to actual temperature 
variations of considerably less than 

Fig. 3.—Top tower temperature. 
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Fig. 4.—Sensitivity test equip
ment. 

2 Pen Recorder 

Fig. 4 shows the method we use to test various types of temperature 
controllers in order to determine the actual hysteresis in the instrument. 

Fig. 5 shows the test results for what we consider to be a good electronic 
control system. 

Fig. 6 shows the test results for what we consider an unsatisfactory 
controller. 

Much controversy developed in the industry over our requirement that 
an electronic process controller be capable of responding to changes of one 
part in 10,000 of the measured value. Many believed that these restrictions 
were too severe and not worth while. 

Fig. 7 shows the result of some analog computer studies of the effect of 
hysteresis on control. The left-hand figure is the record of a proportional 
controller, controlling a process having four equal time constants. The 
middle figure shows the effect of adding the derivative function to the 
controller. It is easy to see that addition of the derivative action has reduced 
the proportional band by a factor of 2\ times and has reduced the point of 
oscillation by a like amount. 

The right-hand figure shows the effect of adding 0.5 per cent of hysteresis 
to the control loop just prior to the derivative function of the controller. 
This small addition of hysteresis has caused the controller to become com
pletely unstable, even though the proportional band setting was twice that 
used on the previous test. 

Fig. 5.— Hysteresis test results on all-
electronic temperature controller. 
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Fig. 6.—Hysteresis test results on servo-
balanced potentiometer. 

C O M P U T E R C O N T R O L 

It has been believed for some time that a large vacuum existed in the tools 
available in the field of process control. We have available to us today a 
black box which can add, subtract, multiply, integrate, and differentiate. 
This black box, while it is an analog computer, costs approximately $500. 
We use it as a controller. 

We could have bought a half-million dollars worth of general-purpose 
analog computer equipment, and accomplished exactly the same results. 
The control obtained would have been no better than that obtained with 
our $500 controller. Neither would it have been any worse. However, we 
could not use our $500 computer to do the scientific calculations that could 
be accomplished with the half-million dollar general-purpose analog com
puter. This does not hurt our professional pride at all, however, because 
all we wanted to do was to control a process variable; not to see how im
pressive a controller we could assemble. 

Fig. 7.—(Left) Record produced by 
proportional control of analog com
puter simulated four, equal-time-
constant process. 
(Center) Record produced by pro
portional plus rate ( + 60°) control 
if simulated process. Rate action 
reduced proportional band by 2\ 
times. 
(Right) Same setup as (Center) but 
with £ % hysteresis introduced just 
before derivative unit. Proportional 
plus reset plus rate. m 
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Today, while we have available to us very elaborate general-purpose 
digital computers, we do not have generally available the digital counter
part of our $500 analog controller. 

Much effort has been spent to try to justify the use of a general-purpose 
digital computer to solve a process control problem. However, many of 
the digital computer manufacturers seem to have developed a mental block 
when it comes to considering the possibility of designing and building a 
simple special-purpose digital computer. 

Three years ago the author designed and built a special-purpose digital 
computer for use in sports car rallies. This computer employed 50 enter
tainment-type transistors in its construction and could have been marketed 
for $500. 

For the uninitiated, the sports car rally requires that the participating 
car maintain an exact average speed specified in the instructions and at the 
same time follow a rather complicated series of instructions covering the 
rally route. With the use of this sports car computer the driver or navigator 
merely sets the knob to the desired average speed. In the event that the car 
has been running at a speed slower than the desired average, a green light 
will flash to advise the driver to speed up. On the other hand, if the car has 
accumulated an average speed in excess of that desired, a red light will flash 
to indicate that the driver should slow down. 

This appears to be a rather simple problem and certainly is a very easy 
one to handle with a general-purpose digital computer. Such a machine 
was beyond the author's pocketbook, however, and inasmuch as the author 
only wanted to win sports car rallies and not impress the public with how 
large a computer could be built and fitted into a sports car, the design 
proceeded as follows. 

The first problem was to obtain an accurate measurement of the distance 
that the car had traveled. Because the rear wheels can develop an appreciable 
amount of wheel slippage while under power on gravel roads, it was decided 
to measure the distance traveled by the front wheels. In order to do this, 
a small magnet was fitted to the front brake drum and a magnetic tape 
recorder head was mounted nearby. Then, each time the front wheel makes 
one revolution a pulse will be generated in the tape recorder head. 

These pulses are amplified and fed into a binary up-down counter. The 
desired speed is fed into the computer by means of a free-running multi
vibrator. The output of the multivibrator is fed to the pulse-shaping net
work and then into the "down" side of the up-down binary counter. The 
counter is arranged in such a way that an accumulation of 8 counts in the 
" u p " direction causes it to "spill over" and operate a mechanical counter 
in the " u p " direction, as well as to flash the red light. Similarly, the accumu
lation of 8 counts in the "down" direction will operate the mechanical 
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counter in the negative, or "down" direction and also flash a green light. 
Thus, in order to maintain a predetermined, exact order of speed, it is 
necessary only to see that the mechanical counter always reads zero. 

To call such a "contraption" a computer may possibly cause some of the 
purists to writhe in agony. Nevertheless, the author accomplished his 
original intention: that of winning some sports car rallies. Moreover, since 
the computer has successfully survived almost three years of being bounced 
around in a sports car, such a type of computer should be sufficiently 
reliable to consider for use in a petroleum or chemical plant. 

It is amazing just how many seemingly complex process computer control 
problems can be reduced to comparatively unpretentious computer problems, 
if enough engineering thought is given to the matter. 

In order to properly achieve such a desired low level of complexity it is 
necessary to first re-evaluate and reconsider all of the measuring techniques 
for process variables, in the light of the fact that it is now desirable to use 
them with a digital computer. 

A good example of this type of thinking is in the problem of flow measure
ment. The differential orifice meter has enjoyed for many years practically 
a monopoly on the measurement of flows. Other systems also have been 
tried, but were discarded for one reason or another. However, when used 
with a digital computer, the orifice meter presents some rather complicated 
problems. 

The first of these is that of converting a differential pressure measure
ment to a digital form. The second problem is that of linearizing the square-
root signal from the differential flow meter. The equipment required to 
convert an analog signal to a digital signal is normally quite expensive, if it 
is to be accurate and reliable, and the circuitry required in the computer to 
take the square-root of a number usually is quite complicated. 

There are flow meters available now which generate pulses proportional 
to the rate of flow. These are the turbine-type meter. They contain a small 
magnet mounted on a rotor and an adjacent magnetic pickup coil which 
generates a pulse each time the rotor completes a revolution. By using such a 
flow measuring device, the need for an analog-to-digital signal converter has 
been eliminated and, with it, any necessity for complicated square-root 
circuitry in the computer. The output of the turbine-type flow meter varies 
linearly with flow. 

The pulse from the turbine-type flow meter can be fed into a unit similar 
to that used in the sports car computer according to a predetermined 
program. 

Such a system can be used to solve many of the algebraic problems which 
may be encountered in the field of process control. For instance, the majority 
of optimizing requirements met in a process control problem require that 
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Fig. 8.—Photograph of Flowcon con
troller. 

some type of a material balance be made on the operating unit. Such a 
simple computer as just described would be ideal for this job. It will be 
rather unimpressive in appearance, but it will be capable of doing its job 
in a reliable manner and at a very reasonable cost. 

In order to design special-purpose control systems properly, it is necessary 
to have a complete understanding of the problems of the process itself. As 
process control engineers, it is necessary that we design control systems 
with the needs of the process uppermost in our minds. It is highly desirable 
that we arrive at a solution that is very simple, reliable, and reasonable in 
cost. We have designed and built a system (Fig. 8) which embodies the 
philosophy just discussed. It has been installed in one of our pilot plants. 
We believe that this system, which we call a "F lowcon" , meets the process 
requirements adequately and it certainly is far better than most of the 
equipment which heretofore has been available. 

As previously announced, Universal Oil Products Company and Day-
strom, Incorporated, have entered into a cooperative program for the 
application of the electronic controls to industrial processes. 

The author wishes to thank Daystrom, Incorporated, for their assistance in 
this project. 
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