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1. INTRODUCTION

Most control  problens oo industry  arve currently  solved by
simple control algovithms of the PID type. These vegulators
are manufactured in learge guantities as standard products.
When digital computsrs are introduced into control systems
it is common pracbice to organize the systens so that they
took like PID regulators to the user. There are well
gstablished procedures to commission and to  turne standard
regulators. There are also lavge numbers of  songinsers who
are well educeted in usings tuning and troubleshooting
standard regulstaors. In spite of this many regulators are
not well tuned.  Ths reason For this is  that the regulators
should be retuned when operating conditions change. Since a
large process may have hurdreds of regulators it is  not
feasible to retuns w0 aany regulators freguently. It would
thus be useful tn heve deviges which can tune simple
regulators automatically. Since there are 80 many persons
whe  are familiar with the standard regulators and theip
tuning rules it is wuseful if the tuner is based on the well
kinower  ddeas. Onsg  conoercisl  device of  this  type is  the
"mupertunert. See Anon (19762 . The supertuner is a special
Mardware device which is connected to the process. When the
regulators  are bassd on wicroprocessors 1t s however
possible to provide all loops with a tuner provided that the
tungr  can be made sufficiently simple. Buch & device is
described in this vraport. The proposed self-tuner is
substantially simpler then the PID turner described in
Wittenmark et.al. (198073,

The report is organized as follows. The well known tuning
rules are described in Section 2. The tuning 15 based upon
krnowledge of the oritical gain and the wltimate period. The
critical gain is the gein of a proportional controllev whicoh
brings the closed loop system to the stability limit. The
ultimate period it the period of the covresponding
oscillation. A technigue to obtain these paramaters
aytomatically is discussed in Bection 3. In Section 4 it is
described how a regulator with an avtomatic tuning facility
can  be constructed based on the idess of Section 2 and
Bection 3. Bome practical problems which reguire Ffurther
attention are discussed in Section 5.

. THE TUNING RULES

Two methods of tuning siople regulators have beesn proposed
by Ziegler and Nicholes (19433, One wmethod ls based on the
determination of the open loop step response. The other
method iz based on an  expevimental determination of the
quantities called the o
The superturer i1s based on determination of the step
response. This method is ewpirically  krown to  give poorer
results than the method bassed on the sxpervimental procedures.
This procedure can bDe descoribed as follows. The loop is
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af the relay outpult, The self-uscillaeting adaptive looap thus
automatically gives the parameters vagqulred for the
Ziwgler-Nichols design.

4. THE SELF-TUNING REGULATOR

The idess presented in the previous sections will now be
used to obtein & self-turning regulator. Suckh a rvegulator
will have all the cownponents of an ordinary FlD-regulator.
It will thus have & hand-automatic switchsy Dbuttons  for
increase and decrsase  in manual wodes disgplays for  set
points measured value and control  vaviable. The mode switoh
will however also have a position for autosabic tuning. In
this mode the S0AY aysten is activated. The oritical gain
and the ultimats period will be determined and  the
corresponding Ziegler-Nichols settings will be computed.

The advantage of using an S0AE to determineg the critical
: g

gain and the ultimsate period is that the iunplenentation

becomes very simple.

G, PRACTICAL ABPECTS

There are several practical problems that aust be considered
before a practical design can be obtained. & few of these
issues are discussed below.

The key problem is the determination of K and T. A& siwmple
way to detevming 7 is  to aBasure the time betweern zero
crossings at  the relay output. 4 sisple way to obtain the
limit cyole samplitude is to meassure the signel swing. More
gophisticated estimation methods caen alsco be used.

When the B048 asode s activated during the tuning it is
necaesssry that the mean value of the ocutput sigral has the
right  wvaelue. This oguld be achisved wmanuslly by  First
setting the regulator in manual mode but 1t can also be done
automatically.

It is mecessary to adgust the liwit coyele amplitude during
the tuning phase, This csan  he done by adjyusting the
amplitude of the vrelay output. Automatic adjustment to a
preset amplitude is alzgo a possibility.

The Ziegler-Nichols design is konown to give a reasonable
closed loop response. The response  can however sometines be
too oscillative. Orne possibility to  have additional
tlexibility is to use potentiometers to allow for individual
adjustment of the Ziegler-Nichols settings.

Concerning the ogperabion of the tuning it sesenms useful to

arrange the systen 1n such a8 way so that the tuning rums
avtomatically after initistion. It should probably be useful



to be able to overvide the tuning by switching to manual
mode .

To provide a safe startup it could perhaps also be wuseful to
give default values via potentiomsters.
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