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W) Check for updates

A continuing feature in which noted individuals in various areas are solicited to report on what is and should be going on
in their fields. Response is welcomed and will appear in the Discussion section of future issues.

Those Magnificent Men and Their Controlling
Machines

J. G. ZIEGLER! The decade following 1930 was remarkable
for the number of automatic control developments that came into
being. I consider it a privilege to have been there and to have
witnessed so much of the startling proliferation of understanding
that took place in so few years. It was indeed a magic time in
which nearly all of the concepts of automatic control that are
taken for granted nowadays were elucidated by people who
dedicated their lives and thinking to the then new science.
Perhaps a review of those exciting years in which automatic con-
trol came of age would be of interest to those who missed it.

At the start of the thirties, the combined recorder and regulator
was a half accepted novelty. The controllers were almost all
high gain proportional response devices and were capable of
producing good results on only a limited number of industrial
processes. Extended application of these devices taxed the in-
genuity of all instrument people and their stock in trade was a
mixture of cut-and-try and luck; about all they could do was
darnp measurement or valve response and hope that that they
could find a combination that would produce acceptable results.
The explanation as to why either increased or decreased damping
could at times improve stability was not forthcoming until the
end of the decade.

In the early thirties, adjustable proportional response gain
hecame available and inereased the possibility of obtaining stable
control of more and more processes. Inevitably the offset of
control point with changing loads was recognized as a limitation
of the one response; the development of integral response was
predictable.

Apparently the first such response of this type was the primi-
tive one developed by C. E. Mason which retained the then high
gain proportional mode but severely limited the amount of con-
troller output regardless of variable deviation from the control
point; then added something like a constant speed floating re-
sponse to bring the variable back to the control point. In
many respects this was similar to C. B. Moore’s “inverse de-
rivative’’ relay which did not appear until many years later but
does have use on a limited nfmber of specialized control ap-
plications such as flow and pressure, often characterized by
horrid non-linearities. The late George Philbrick, was un-
doubtedly the person who, while working with Mason at the
Foxboro Co. refined the limited initial concept into the more
umiversally adaptable proportional speed floating which we now
recognize as automatic reset or integral response.

Credit must be given to Ralph Clarridge, a researcher at
Taylor Instrument Co., who recognized the possibilities of de-
rivative response, and first applied it to the temperature control
of viscose rayon shredders in the early thirties. It solved a
problem that was, until then, hopeless but it’s extended use was
curtailed for some years. It was used hesitatingly until the end

1Ziegler and Associates, Walnut Creek, Calif.
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of the decade when improved analytic methods showed that this
response did indeed have a place in the scheme of things.

Valve positioners came on the scene in the mid-thirties be-
cause the Taylor embodiment of integral response was a unit
that mounted on the control valve and had mechanical feedback
from the valve stem position. The integral response could be
set to zero and it was found that control results were improved,
even with only proportional response, because valve stuffing
box friction was eliminated by the stem feedback.

So as the thirties ended, industry had available very good
three response controllers with quite adequate adjustability. In
addition, the response adjustments were beginning to be cali-
brated in meaningful units, paving the way for better process
understanding. While the form of instruments have changed
over the years, there have been little if any additions to the basic
control responses. Iiven “derivative-before-reset’” had been
used when the original Taylor valve mounted integral response
units received their input from a P-D controller.

The astonishing pace of control mechanism development was
accompanied by increased attention to the other half of the prob-
lem, the processes themselves, but there progress was much
slower. A good part of the effort toward process analysis came
from members of the ASME Committee on Industrial Instru-
ments and Regulators (later the A.C. Div.) whose papers ap-
peared in the Transactions. Spitzglass, Smith, and Keppler
took the mathematical approach, Mason and Philbrick experi-
mented with process models and tried to relate their results to
actual industrial processes. Peters was probably the most
realistic; he sensed the overall complexity, experimented well
and reported results meticulously but did not try to extrapolate
them into general conclusions. Outside of the ASME, Grebe,
Ziebolz and many others contributed mightily.

The most popular approach in those days was the ‘“Mass-
Spring-Damping'’ analogy. A spring suspended mass with a
dashpot would oscillate if suddenly disturbed and the rate of de-
cay could be adjusted to look like the curves obtained on actual
processes. But the approach was too simple; actual processes
perversely refused to behave as predicted. The M-8-D analog
was only valid for processes with no more than two first order
lags or “lag elements’” in series and the addition of even small
additional components which were invariably present in real
processes profoundly affected the predicted stability and con-
troller settings. At one A.A.A.S. Gibson Island conference,
Philbrick demonstrated a beautifully conceived process analog
and controller which displayed recovery curves on a CRT in-
stantly. The M-S8-D adherents asked him to set it for a process
with only one lag element to prove their contention that con-
troller gain could never be set high enough to produce instability.
George did it reluctantly and at their urging, finally raised it to a
point that produced an oscillation. The viewers were appalled
but Goerge explained that some little pixie in his amplifiers was
supplying additional lag elements that made his process some-
what more complex than one or even two element.

Many joined in the struggle to find some analogy that lent
itself to mathematical treatment and would apply to all in-
dustrial processes. A more realistic approach came from Ivanoff
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in England. He proposed the analogy provided by a system with
distributed capacitance and conductance such as a bar of metal,
heated at one end to control a temperature at the far end. Such
a system, similar to a pneumatic transmission line, responds to a
step input with a time delay or distance velocity lag followed by
a guick rounding into a single exponential approach to final
equilibrium. Broken down, the process could be described as
consisting of a dead period lag, I, as major lag element plus a
time constant of about 4L, and a minor element with time con-
stant about 0.1L.

Ivanoff was far closer to an approximation of the average in-
dustrial process but he unhappily fell into a common trap—he
was a sucker for dimensionless numbers. Since his process was
always self-regulating, he took as his controller gain, the ratio of
uncontrolled deviation to the offset under proportional control.
On processes without self-regulation, the ratio became infinite
and so meaningless.

What was needed was a simple analogy that would apply to
all normal industrial processes from simple to complex and be
capable of predicting the control results obtainable with reason-
able aceuracy. Not for the purpose of pre~determining controller
response settings because by this time, they were available with
wide adjustability, but to compare the various ways in which
processes could be altered to improve their controllability.

A fairly good method was introduced near the end of the
thirties in the form of the Ziegler-Nichols Approximation which
proposed that most industrial processes could be adequately
represented as being made up of a dead period lag and a simple
lag element with infinite time constant. The response of such a
process to a unit step input change would be a constant rate of
output change (Ry) after a dead period lag, (L). They reasoned
that the amount of self regulation was of minor importance and
that a process reaction curve which rounded into its maximum
slope would only make the approximation conservative by a
factor of less than 5/1 which they considered pretty good when
compared with previous analogies. The approximation was
simply made by drawing a tangent to the point of an experi-
mental or caleulated process reaction curve.

More precise process analysis techniques were forthcoming in
the late 1940’s but the Z-V method solved a great many war-time
control problems and is still widely used.

Modern control technology owes a great deal to those many
fumbling but dedicated and hard-working thinkers who did so
much forty years ago to advance the art of antomatic control.

THE NEXT GENERATION
OF SINGLE LOOP CONTROLLERS:

Hardware and Algorithms for the
Discrete/Decimal Process Controller

D. M. AUSLANDER,D? V. TAKAHASHL! and M. TOMIZUKA.! Sin-
gle-loop controllers, pneumatic, mechanical, hydraulic, elec-
tronic, have always been analog devices. At times, there has
been considerable competition between one technology or another
for a sharve of the process control market but the control al-
gorithms have not changed materially. Since the experimenta-
tion of the 1930’s, PID has reigned supreme. This is a funda-

TAssociate Professor, Professor, and Assistant Professor, respectively, Mech.
Eng. Dept., University of Californis, Berkeley, Calif,
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mental limitation of simple analog devices and has been ope of
the selling points of direct digital control (DDC), that s jq
capable of using a wider range of algorithms (although’ thijs is
not always taken advantage of). Despite the limitation, single.
loop controllers have not become obsolete, and are still ll:ied
where DDC cannot be justified (too few loops, for example), fo,
DDC backup, and in situations where centralized control g
not considered desirable. With LSI technology now standarq
practice, we feel it is imperative to examine the single-loop con.
troller and bring it up to date.

Are Microprocessors the Answer?

A discrete-time, programmable device certainly seems to bhe
the prime contender for the computational portion of a new
single-loop controller. Analog devices can be (and are being)
improved with respect to their cost, size, and reliability, but. that,
will not alter the nature of the algorithms that can be realized;
the next generation should be able to match DDC’s capability
for a variety of algorithms. Most of the current speculation
centers on the role of microprocessors (or microcomputers) in
control. We feel, however, that there is a mismatch in applying
microprocessors to single-loop process control. Microprocessors
are very fast and efficient at handling small word length (8 to
16 bits) integer and logic operations whereas process control de-
mands only modest speed but the ability to handle caleulations
directly in engineering units, which requires floating point
capability (at least 24 bit words).

Calculator technology appears to offer an answer to these re-
quirements. All calculations and data paths are in binary-coded
decimal (BCD) and can be in scientific notation. Key-stroke
programming is much simpler to understand and apply for
process control algorithms than microprocessor programming and
would allow simple field programming or algorithm modifica-
tion without the need of assemblers, editors, ete., that are re-
quired for effective microprocessor programming. The cost of a
unit based on calculator technology seems reasonable. For ex-
ample, the HP programmable caleulator (which has scientific
notation) costs about $400 retail, and the Novus programmable
unit (which doesn’t) costs about $140. In both cases, after sub-
tracting the cost of the transcendental functions (sine, ex-

also subtracting the cost of retail outlet markup, advertising,
and other costs associated with consumer products, the basic
cost of the calculation, programming, keyboard, and display
units appears to be within an acceptable range. The calculation
speed of currently available components is marginal for process
control use, but there is no reason to expect that faster units will
not be developed. The HP-55, for example, runs at about 1/1000-
th of the speed of a typical minicomputer for execution of float-
ing point adds, multiplies, and compares (about 300 milliseconds
per operation). This should be adequate for many processes; &
ten second sample time could be achieved for an algorithm re-
quiring thirty operations per sample. The sample interval could
be changed dynamically, if desired, since there is no interaction
with other loops. Analog-to-digital and digital-to-analog con-
verters for BCD operation are already standard equipment. and
should pose no problem in the design of a single-loop, caleulator-
based controller (which we have dubbed the “Discrete/Decimal
Process Controller’”).

Conirol Methodology

Virtually any of the discrete-time control algorithms can be
expressed in relations that require only multiplication, addition,
and subtraction. Iither reverse Polish notation (RPN) or
algebraic notation are satisfactory for evaluation. Since the
speed of current calculator devices is relatively slow, however,
algorithms which require extensive iteration should be avoided.
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