THREE TERM (PID) CONTROL

The following is a gand aone tutorid to explain the meaning of P.I.D. or 3 Term control used in analogue and
digitd control sysems. P.I.D. stands for Proportiona, Integrd and Derivaive. It is difficult to understand this
feature on a PLC unless you are familiar with control theory. Here is an attempt to explain it briefly usng the control
of the speed of an dectric motor as an example. Here is ablock diagram of a control system for an eectric motor.
The PID dement will be in the signa processor.
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The ideaisto make the output Speed Y the same astheinput X at al times. The input would be from some kind of
cdibrated instrument producing the setting as a voltage. The output speed would be converted into avoltage by
some form of transducer but this is not shown to keep it ample. If we change the vadue of X or some externd
disturbance causes Y to change, we get an error. The error is determined by the comparer or error detector. This
works by subtracting Y from X sothe error is

E=X-Y.
Thisis cdled NEGATIVE FEEDBACK. The eror is then processed by the processor. For the moment treet this
as an amplifier with again of K. The signa from the processor is K E and thisis added to the input with an adder.
The input to the power amplifier is X + K E. The power amplifier converts thissgnd into dectric power that drives
the motor. The power amplifier should be powerful enough to cope with al requirements.

Suppose for some reason there is an error so that the motor is running dower than that selected. The input to the
system will increase by an amount K E so the motor will speed up again until E = 0 and we have restored baance.
If the motor is running too fad, E is negative and the input to the system is reduced and it dows down until balance
IS restored.

Let us condder the importance of the PROCESSOR. We have just treated it as an amplifier with again of K. In
fact thisis the P1.D. unit and processes the signd in three ways, Proportiond, Integral and Derivetive. Thisishow
it works.

PROPORTIONAL CONTROL

If the processor is aSmple amplifier with proportiona gain then the output Sgnd isK; E

E KlE
—# Processor —8

K is the congtant of proportiondity but in fact it is the gain of the amplifier. The larger the vaue of this gain, the
faster the motor will respond to any error. If this gain is too high, the motor can become unstable and speed up too
quickly to stop in time at the right speed. This is caled OVERSHOOT. It can aso work the other way when
dowing down (UNDERSHOQT). In the worst case the speed continuously goes up and down and doesn't settle
at the correct vaue. Thisis known as HUNTING. We am for the maximum gain without producing ill affects.
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INTEGRAL CONTROL

Thisis used to get rid of OFFSET ERROR. Typically this occurs when the output settles a the wrong speed. This
could be due to diction in the sysem, smdl errors in the transducers and most likely in the case of a motor,
excessive load dowing it down. If this happens we reed to make the input to the system even larger to produce
more power to the motor.
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Integral control action increases the power with time such that the output is k , ¢ E dt
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Figure4

K, isthe integral congtant. So long as an error exists, the output will grow with time. In thisway the power
signd will build up until the motor peed is back to its normd level. The power signd will build up until it is
big enough to overcome the stiction or load and o totally iminate the error. Of course there is a limit to
which any thing can grow and the system should be designed to have a suitable limit.

The use of integrd control brings in a new problem, an increase in the tendency to overshoot, especidly
when the system has alarge proportiona constant. Thisis solved by using derivetive action aso.
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DERIVATIVE CONTROL
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Idedlly we wish an error to be corrected as quickly as possible with no overshoot. To do this we need to
have maximum gain a the beginning of the correction and then reduce the gain as the error approaches
zero. Thisis achieved with derivative control. With derivative control the output of the processor is:

K3 dE/dt

The sgnd is proportiona to the rate of change of the error and K3 is the derivative congtant. It follows
thet at the start of the change dE/dt is greatest. At this point the power will be & its greatest vaue. Asthe
error is reduced, dE/dt gets smaler and the motor is decelerated. With ideal derivetive action, the response
is as shown below.
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3TERM CONTROL

The dgna processor may incorporate dl three control dements and it then becomes a Three Term
Controller.
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Figure5
The three terms used by the controller are Proportional, Integra and Derivative. For this reason it is aso

caled PI.D. control. In order to obtain optimal response for a given system, dl three control terms are
used and the controller produces the following action.

Output =K1 E+ Ko OE dt + K3 dE/dt
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Thisis caled 3 Term control or PID control. In analogue systems the control unit will have the facility to
adjust K1, Ko and K3 in order to obtain optima settings for the given sysem. This is often cdled
TUNING.
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DIGITAL P.I.D CONTROL

Congder the complete block diagram below. It shows how an dectric motor might be controlled with a
programmeable Logic Controller.
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The input to the system is a voltage in the range 0 — 10 V generated by a potentiometer. The output speed
of the motor isaso in the range 0 — 10 V generated by a tachometer. Both Sgnds are converted into digital
form with A/D converters and read into the PLC registers. The negative feed back is then achieved with a
Subtraction routine and the error resulting is digitally processed with PI.D. The result is added to the
origind input and converted back into an analogue signd and fed out to the power amplifier. For those
studying the PLC, we need to know how the P.1.D. action is achieved. Not many PLCs have the facility to
conduct P.1.D. control but those that do have specid commands to invoke the action. In its smplest form,
it involves increasing or decreasing the value of the number stored in the register. A programming command
such as PIDINC causes the processing to take place on the number stored. The following description is of
an INCREMENTAL P.I.D. CONTROLLER which isanumerica method.

NUMERICAL PROCESSING

The processing is based on digitdly sampling the error at regular timeintervals of T seconds. From thiswe
can deduce the following.

Theincrementa change in the error for proportiona control.
Theincrementd changein the time integra for integra control.
Theincrementa change in the rate of change of error for derivative control.

Let the most recent sample be the " sample. The one before that was n-1 and before that n-2.
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PROPORTIONAL

Let the error be x (it was E previoudy) and this is multiplied by the proportiond congtant k; to give the
output of the processor Qp.

Qn = K1 X The output of the previous sample would be would be Q-1 = K1 Xn-1

Theincremental changein the processor output isthen the difference between the two vaues.

DQ =k1Xn - k1 Xp-1=k1(Xn - Xn-1)
INTEGRAL

Congder the time — error graph as made o of thin gtrips of width T. The time integrd of the error over
time T seconds is the shaded part of the graph. The incrementd output is obtained by multiplying this by the
integral constant ko so:

DQ =koT xp
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DERIVATIVE

In this we need to determine the incrementd change in rate of change of the error so we need three
samples to give us two successive rates of change. We cdculate the rate of change between two adjacent
samples by taking the change and dividing by the time taken.

Therate of change between the sample n and sample n-1 1S (Xn - Xn-1)/T

Therate of change between the samplesn-1 and n-21is (X1 - Xp-2)/T

The difference between these two resultsis the incrementa change (Xn - Xn-D/T - Xn-1 - X 2)/T

To find the incrementa change DQ we must multiply this by derivetive constant k3.

DQ = K3 [(Xn - Xn-D/T - X1 - X 2)/T]
DQ =k3[(Xn- Xn-1) - -1 - Xn- 2IT
DQ=k3[(Xn- Xn-1- X1+ Xn-2)/T

DQ =k3[(Xn - 2Xp-1 +Xn2IT
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3TERMS
For dl three control terms, the incrementa change to the output is
DQ = k1(Xn - Xn-1) + k2T Xn + k3 [(*n- 2.1 + X 21T
This vaue may be computed and then added to the previous vaue to give the new output Q.

Hence
Qn=0Qn-1+k1(Xn - Xn-1) + k2T X + k3 [(Xn - 2Xp-1 + Xn2IT

Thisisthe 9gnd thet is added to the origind input and then put out to the A/D converter and the power
amplifier.

NOTE ON TYPESOF CONTROL SYSTEMS

Note that in many control systems, we do not add the input to the processed error. In the case of systems
such as an eectric motors, we cannot drive the motor from the error aone because when thereis no error,
there will be no power. In postion control systems (e.g. robots, satellite dishes and machine tools), when
the actuators are in the correct position, we need no power to keep it there so we drive the system from
the error done. If thereis any error power is provided to reduce it back to zero.

PLC PROGRAMMING

Some PLC's have a CPU operation to caculate the incremental change. Typicdly this command is
PIDINC. The sampling time may be sat dso by adding the sampling time or rate to the PIDINC command.
A typicd sysem would have an andogue/digita 1/0 module. The set value and output vaues would be
typicaly anaogue (but could be digitd). These vaues would be read into the PLC and stored. This would
be repeated at intervals of T seconds. Three samples would be stored and then updated with each sample.
The numerica operation as detailed previoudy is carried out. A further command to add the incrementd
change to the last vadue must dso be used and the resulting vaue placed out on the 1/0 module as an
andogue sgnd. A typica ladder diagram would contain the sub-routine shown below to do this. The exact
diagram will depend upon the type of PLC used.
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