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ABSTARCT:

In this paper, a brief introduction of the processcontrollers is given followed by the detailing of pinciples
of proportional ,integral and derivative controllers. A detailed description of PID controller is giva next.
An overview of methods for PID tuning is given briély. The methods discussed are Manual tuning on-
site, Ziegler-Nichols Reaction Curve Method,ZiegleNichols Oscillation Method and Cohen-Coon
Method. These methods are compared based on theiegormance.
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1. INTRODUCTION

As the complexity of the industrial processes Inassiased, there has been a consequent incredse mumber
of process variables such as pressure, temperéued, flow etc.to be controlled. Further deveteggmt would
be difficult without the aid of controlling deviceghich would automatically measure and control ¢heocess
variables. Automatic control does not replace thi&n operator but rather supplements them.
The essence of simple automatic control is
e The state of the process is measured which isriweps variable or process value (PV)and compared
to the desired value which is the set point
e The controller responds in a predefined way to cedany discrepancy between the measured value
and the set point which is the error.
* The output of the controller is translated by arecting unit to alter the state of the process tting,
the error is rectified.

The Proportional Integral Derivative (PID) contaallis still the most popular in the industry of pess control
despite the advances in technology, control themg the abundance of sophisticated tools, conigplthore
that 95% of closed-loop industrial processes. Thecass of PID is due to its simple structure, effit
performance and applicability to abroad class atfical control systems. When the mathematical inofihe
plant is not known and therefore analytical desigethods cannot be used, PID controls prove to bst mo
useful

1. CONTROL ALGORITHMS

The pre-defined response of the controller to tinerds known as the controller Algorithm. PID cuoiter is
the most commonly used controller Algorithm. Pl@rsts for ‘proportional, integral, derivative’. Tlee3 terms
describe the basic elements of a PID controllechk# these performs different task and has a rdiffeeffect
on the functioning of the system. In a typical Ri@ntroller, these elements are driven by a comiginaif the
system command and the feedback signal from thecblijat is being controlled (ie.plant). Their autpare

added together to form the system output
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2.1.The proportional Controller

The proportional term produces an output value ihatoportional to the current error value. Theganrtional
response can be adjusted by multiplying the eryom bonstanKp, called the proportional gain constant. If the
proportional gain is too high, the system can bexamstable. If the proportional gain is too lowe ttontrol
action may be too small when responding to syststurtbances. Tuning theory and industrial pradtickcate
that the proportional term should contribute thi lmf the output change.

The proportional term is given by:

P = Ke(t)

__________________ Set point
Offset
Process
variable
Proportional control
Time o
AigThe response of proportional Controller
2.1.1.0ffset

Offset also calleddroop, is deviation that remains after a process habiligeed. Offset is an inherent
characteristic of the proportional mode of contial.other words, the proportional mode of contrall wot
necessarily return a controlled variable to itsg@ht. Droop may be mitigated by adding a compensatiag

term (setting the set point above the true desiedde), or corrected by adding an integral term

2.2.The Integral Controller

The integral in a PID controller is the sum of thetantaneous error over time and gives the acatetdboffset
that should have been corrected previously. Theraatated error is then multiplied by the integralrgand
added to the controller output. The integral tenveterates the movement of the process towardsogat and
eliminates the residual steady-state error thatiscwith a pure proportional controller. Howevencg the
integral term responds to accumulated errors frlioenpast, it can cause the present value to oversheset
point value.

The integral term is given by:

(2
I = I{E-/ e(T)dr
0
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Fig 2: Ttesponse of integral Controller
2.3.The DerivativeController
Derivative control is used to reduce the magnitati¢he overshoot produced by the integral comporagial
improve the combined controller-process stabilitpwever, the derivative term slows the transieapomse of

the controller.

The derivative term is given by:

. d
Dout == fidEE(f)
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Fig 3: Tresponse of derivative Controller
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2. PID CONTROLLERS

A PID controller calculates an "error" value as difference between a measured process variabla dedired
set point. The controller attempts to minimize ¢neor by adjusting the process control inputs.
Defining u(t) as the controller output, the final form of thi®Rlgorithm is:

f
u(t) =MV (t) = Kpe(t) + Kt-[ e(T)dr + fi’dt_%e(t)
0 't

where

K, Proportional gain, a tuning parameter
Ki: Integral gain, a tuning parameter

Kg: Derivative gain, a tuning parameter

e: Error =SP-PV

t: Time or instantaneous time (the present)

3.1 Laplace form of the PID controller

PID controller in Laplace transform form:
K; Kys* + Kps + K
G()—Iap+—+ﬂds— :

Having the PID controIIer written in Laplace formdahavmg the transfer function of the controllgdtem
makes it easy to determine the closed-loop trarfisfation of the system.

3.2 PID Pole Zero Cancellation

The PID equation can be written in this followirayrh:

e
G(s) = K o Fa°

When this form is used it is easy to determinectbeed loop transfer function.

1

B = o 90u0s 12
K; » K,
— w P _ 9w
If, K. mﬂ, K. S then,
l’_}’(s)jr:l‘r(s):E
5

This can be very useful to remove unstable poles.
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3. PID CONTROLLER TUNING

Tuning a control loop is the adjustment of its cohparameters (gain/proportional band, integrahfgeset,
derivative gain/rate) to the optimum values for ¢tlesired control response. Stability (bounded ladimh) is a
basic requirement, but beyond that, different systéhave different behaviour, different applicatidresve
different requirements, and requirements may ccinflith each.

Each of the three mathematical control function®IiB- Proportional, Integral &Derivative is govethby a
user-defined parameter. These parameters needladjbisted to optimize the precision of controhe process
of determining the values of these parameters @svknas PID Tuning. The goal of good tuning is teéhthe
fastest response possible without causing instgbili

Designing and tuning a PID controller appears tocbeceptually intuitive, but can be hard in prasticf
multiple (and often conflicting) objectives suchsimrt transient and high stability are to be addde Usually,
initial designs obtained by all means need to hested repeatedly through computer simulations| uhé
closed-loop system performs or compromises asetksir

Some processes have a degree of non-linearity aqmmeters that work well at full-load conditicshan't
work when the process is starting up from no-laais can be corrected by gain scheduling (usinteift
parameters in different operating regions). PID taglers often provide acceptable control using adéf
tunings, but performance can generally be imprdwedareful tuning, and performance may be unacbépta
with poor tuning.

There are several methods for tuning a PID loog fiost effective methods generally involve the tgument
of some form of process model, then choosing Rndl D based on the dynamic model parameters. Manual
tuning methods can be relatively inefficient, partarly if the loops have response times on theciomf
minutes or longer.

The choice of method will depend largely on whettienot the loop can be taken "offline" for tuniregd the
response time of the system. If the system camkentoffline, the best tuning method often involsabjecting
the system to a step change in input, measuringtitieut as a function of time, and using this resgoto
determine the control parameters.

Commonly used methods of tuning rules :
= Manual tuning on-site
= Ziegler-Nichols Reaction Curve Method
= Ziegler-Nichols Oscillation Method
= Cohen-Coon Method

4.1 Manual tuning

If the system must remain online, one tuning metisoi first set integral constakt and derivative constant
Kq values to zero. Increase the proportional congtanintil the output of the loop oscillates, then Kgeshould

be set to approximately half of that value for adder amplitude decay" type response. Then inergasntil

any offset is corrected in sufficient time for thecess. However, too muéh will cause instability. Finally,
increaseKy, if required, until the loop is acceptably quiak teach its reference after a load disturbance.
However, too muclky will cause excessive response and overshoot. tAPi&s loop tuning usually overshoots
slightly to reach the setpoint more quickly; howew®me systems cannot accept overshoot, in wtdsh an
over-dampedlosed-loop system is required, which will requar,, setting significantly less than half that of

theK,, setting causing oscillation

Tablel: Effects of increasing a paramigtéependently

Parameter Rise time Overshoot Settling time Steadstate error Stability
Kp Decrease Increase Small chande Decrease Degrade
Ki Decrease Increase Increase Decrease significantly egrdde
Ky Minor decrease| Minor decreage  Minor decrease Naziffi theory Improve Ky small
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4.2 Ziegler—Nichols tuning method

The most commonly used methodZiegler—Nichols.In order to understand this method, the relatiqgnshithe
constants Kp,Kand Ky with the 4 major characteristic of the closed loegponses such dse time, settling
time, overshoot and steady state erafrthe system should be analyzed. This is shovovbe

Table2: The relationship of the constants K@id ks with characteristic of the closed loop responses
Response Rise Time Overshoot Settling Time S-SrErro
Kp Decrease Increase NT Decrease
K, Decrease Increase Increase Eliminate
Kp NT Decrease Decrease NT

NT:No definite trend. Minor change

Typical steps for designing a PID controller are:
» Determine what characteristicsnof the system n&ets improved
» Use Kp to decrease the rise time
» Use K to reduce the overshoot and settling time
* Use K to eliminate steady state error.

This works in many cases,but to have a good stppoint, a good set of initial parameters neeetéound out
easily and quickly. It can be done with Zieglerhts tuning rule. Ziegler and Nichols proposed suler
determining values of the proportional g#p integral timeT;, and derivative timély based on the transient
response characteristics of a given plant. Sucérehiation of the parameters of PID controllerduming of
PID controllers can be made by engineers on-sitexpgriments on the plant. Such rules suggest ef selues

of Ky, T;, and Ty that will give a stable operation of the systemwduer, the resulting system may exhibit a
large maximum overshoot in the step response, whicnacceptable. Series of fine tunings are neadéban
acceptable result is obtained.

4.3.1Ziegler-Nichols Reaction Curve Method (for operpleystem)

The Ziegler—Nichols tuning method is a heuristidime of tuning a PID controller, that attempts toguce
good values for the three PID gain parameters. R3ttuning rules are based on the assumptiorthiegblant
can be approximated by a first-order plus time ylsisstem whose unit-step response resemble anfg@gha
curve with no overshoot. The step response is r@sdhe Process Reaction Curve in process. Thisoche
applies to plants with neither integrators nor dwamit complex-conjugate poles, whose unit-step resgpo
resemble an S-shaped curve with no overshoot.S4sisaped curve is called theaction curve.Such step
response curves can be generated experimentdlgrora dynamic simulation of the plant.

The S-shaped reaction curve can be characterizégidogonstants, delay time L and time constant Aictvare
determined by drawing a tangent line at the initecpoint of the curve and finding the intersent®f the
tangent line with the time axis and the steadyedtatel line.

For a system, if we assume the system can keapakamum response speed all the time, then theraysi#
take exact the time of the time constant to retchteady-state.

Therefore, the time constant can be identified dking the maximum slope and measuring the timeogeri
between the points where the maximum slope linsse®the initial and final response lines.
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Fig 4: Reaction curve

Transfer Function:

C(s) Ke
U(s) Ts+1

Table3: Ziegler—Nichols TuniRgle Based on Step Response of Plant

Type of
Controller K, T; T,
T
P a B 0
T I
Pl 09— == 0]
L 0.3
T
PID 12 T 2L 05L

4.3.2Ziegler-Nichols Oscillation Method (for closed lospstem)

This procedure is carried out through the followstgps:

Set the true plant under proportional oantvith a very small gain.
Increase the gain until the loop startsliaging.

Note that linear oscillation is requiretahat it should be detected at the controllepout

SetT; = wandTy= 0 using the proportional control action only (fégure below).
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Fig 5: Closed loop system with proportiooahtroller

P

IncreaseK, from O to a critical valué,, at which the output first exhibits sustained oatidins.

@ A

]
ANVANS
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gHa: Sustained oscillation with peri®y,. (P, is measured in sec.)

Ziegler and Nichols suggested that the values®ptdrameterk , T, and T, should be set according to the
formula shown in Table below:

Table 4: Ziegler—Nichols Tuning Rilased on Critical GaiK. and Critical PeriodP,

Type of
Controller K, T; T;
P 05K, o0 0
PI 045K 4 P 0
i cr 1'2 cr
PID 0.6K., 0.5PF, 0.125P,

4.3 Cohen-Coon Reaction Curve Method
Cohen and Coon carried out further studies to ématroller settings which, based on the same moéekd, to a
weaker dependence on the ratio of delay to timstaoih
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Table 5: Comparison of different tuning methods

Method Advantages Disadvantages
Requires experienced personnel.
No math required
Process upset, some trial-and-errpr,
Ziegler—Nichols Proven Method. Online method.| very aggressive tuning. Used only
for process control systems.

Manual Tuning Online method.

Consistent tuning. Online or offlin

method. May include valve and
Software Tools sensor analysis. Allow simulation Some cost and training involved
before downloading. Can support
Non-Steady State (NSS) Tuning

11

Offline method. Only good for

Cohen-Coon Good process models. :
first-order processes.
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