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1. INTRODUCTION.

To pass the civilingenj8rsexamen (master degree) the
students have to write & short thesis., This Yexa-
mensarbete" (master thesis) sheall take the student
about three months full time work. This report is a
collection of abstracts of master theses made at the
Division of Automatic Control, Lund Institute of Tech-
nology, during the academic year 70/71. During 70/71
14 theses have been completed by 19 authors. Abstracts

of earlier theses are found in

G. Olsson: Master Theses in Automatic Control 1965-70,
Report 7011, Nov., 1970, Lund Institute of Tech-

nology.

The object with collecting these abstracts is to give
a survey of the research activity on the undergraduate
level at the Division. The majority of the theses are
made within the framework of the research program of
the Division. Some of the theses have been made in

cooperation with the industry and other divisions.

All reports have been written in Swedish with abstracts
in English. Every thesis is presented in this report
with the name of the author and with one abstract in
Swedish and one in English. Also at every abstract the
name of the responsible advisor is shown within brac-
kets. In several cases two or more advisors have been

engaged with different kinds of work or ideas.

Further information concerning the results can be ob-
tained from the Division by contacting the responsible
advisor. The theses are available at the Division 1lib-

rary and may be bought at reproduction cost.

Every year a list of suitable subjects for master the-
ses have been published in Swedish. The list for 70/71

is given in Appendix.
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4, ABSTRACTS.

RE-82 July, 1970 (J. Wieslander)

Lindberg, Lave

KALMANFILTER, ADAPTIVA KALMANFILTER.REELLTIDSIDENTI-
FTERING.

D& man anvinder Kalman-teori mdste man veta kovarians-
matriserna fér det drivande bruset, R1, och for mdt-
bruset, R,. Om dessa dr okdnda kan det vara mdjligt
att uppskatta dem. Tva algoritmer for att uppskatta
R1 och R2
varians &r relativt ldtt att uppskatta med de givna

dr undersdkta. Det visar sig att mdtbrusets

algoritmerna. Det drivande brusets varians dr dére-

mot ndgot svarare att uppskatta.

Det adaptiva Kalman-filtret &r sedan anvdnt for att
gbra reelltidsidentifiering. Estimatet av tillstdnds-
vektorn fljer de sanna vdrdena bra. Uppskattningen
av R, d&r efter ca. 1500 steg mindre dn 5% frdn det
riktiga vidrdet. Felet i uppskattat R, &r ca. 30%.
Slutligen dr givet en alternativ metod att uppskatta

R1.

KALMAN FILTER., ADAPTIVE KALMAN FILTER. REAL-TIME IDEN-
TIFICATION.

When using Kalman filter the variance of the driving
noise R, and measurement noise R, has to be known. If
the statistic is unknown it is possible to estimate

R1 and RZ'

matrices R, and R, are specially examined. The result

Two algorithms to calculate the unknown

is that the measurement noise variance is fairly easy

to estimate while the plant noise is somewhat more

difficult to achieve.




The adaptive Kalman filter is then used to make real-
time identification. The estimates of the state fol-
low the true values very well. The estimation of the
measurement noise variance is after about 1500 samples
less than 5% apart from the true value. The difference
between the true and estimated values of the plant
noise variance stays within 30%. Finally an alterna-
tive method to estimate the plant noise variance 1is

given.




RE-83 July, 1970 (P. Hagander)
Ekdahl, Kurt

Henriksson, Ingvar
OM REGULATORER FUOR MAXIMALEKONOMISK STYRNING AV FARTYG.

Optimal styrning av stora fartyg har behandlats. Malet
har varit att konstruera en regulator, som ndr farty-
get pdverkas av olika stdrningar haller detta p& den

mest ekonomiska kursen.

Fartyget antages ha en konstant hastighet framdt, och
kan s&lunda endast styras med rodret. Utgdende fran

en matematisk modell berdknas rdrelse-ekvationerna

och 8verfdres till linjidr form. D& fartygets rdrelser
antages inskrdnkta till horisontalplanet, &r de int-
ressanta tillsténdsvariablerna: hastighet i sida, vin-
kelhastighet och vinkel, En f&rlustfunktion beskrives
och anvédndes for att j&mfdra olika regulatorer. De
stérningar som anvéndes &r: stegstdrning i ett till-
stand i taget eller en kombination av stegstdrningar

i de tvd tillstdnden vinkel och vinkelhastighet.

F8rst har en optimal regulator berdknats, men d& has-
tigheten i sida inte &r m&tbar har ocksa en subopti-

mal regulator studerats.

Resultatet av examensarbetet &dr att den optimala regu-
latorn, som kan realiseras med rekonstruktion av det
icke mdtbara tillstdndet, inte &r nddvindig d& den
suboptimala regulatorn dr praktiskt taget lika bra.

Dessutom har koefficienterna i Aterkopplingen bestdmts.




ON REGULATORS FOR ECONOMICAL OPTIMAL CONTROL OF SHIP.

Optimal long-distance steering of large vessels has
been studied. The purpose is to design a regulator,
that keeps a vessel, when affected by different dis-

turbances, on an economical course.

The vessel is supposed to have constant speed forward
and therefore the only steering variable is the rudder
angle. From a mathematical model of the vessel, the
equations of motion are calculated into a linear form.
Since the motion of the vessel is studied only in the
horizontal plane, the motion variables of interest
are: transversal velocity, angular velocity and angle
of heading. A loss function is described and used to
evaluate the quality of different regulators. The dis-
turbances applied to the system are: step disturbance
in only one degree of motion at a time or combinations
of step disturbances in the two degrees of motion:

angle of heading and angular velocity.

First an optimal regulator is calculated, but as the
transversal velocity is not measurable a suboptimal
regulator is also studied. When different disturbances
are applied to the system the loss function gives an

estimation of the quality of the actual regulator.

The result is that an optimal regulator is not neces-
sary since proper suboptimal regulator essentially
represents as good a steering as an optimal one.
Further result is that the feedback coefficients of

the regulator can be determined.




RE-8L4 August, 1970 (G. Olsson)

Andersson, Leif

NUMERISK BEHANDLING AV KALMANS EKVATIONER FOR TIDS-
DISKRETA SYSTEM.

Olika algoritmer f&r skattning av tillstdndsvariabler
enligt Kalman-teorin diskuteras. Det framgdr att den
hégsta noggrannheten uppnds med en algoritm bestdende
av tre positivt semidefinita delar, men att kortare
algoritmer kan ge tillrdcklig noggrannhet for vissa
system. Nodvdndigheten av att symmetrisera algoritmer-
na diskuteras tillsammans med olika metoder f8r att
utféra detta. En kort diskussion om m8jligheten att
berikna vissa matriser i fdrvdg och lagra dem avslu-

tar rapporten.

NUMERICAL CONSIDERATIONS ON IMPLEMENTING DISCRETE
TIME KALMAN FILTERS.

Different algorithms for the state estimation problem
according to the Kalman theory are discussed. It is
shown that the highest accuracy is obtained with an
algorithm consisting of three non-negative definite
parts, but that shorter algorithms may be sufficient
for certain systems. The necessity of enforcing sym-
metry on the algorithms is discussed together with
different methods for obtaining this. A brief discus=-
sion on the possibility of precalculating and storing

certain matrices concludes the report.
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RE-85  August, 1970 (G. Olsson)

Kristofersson, Martin

ANALYS AV EN ANDRA ORDNINGENS ALLMAN KVADRATISK
DIFFERENTIALEKVATION.

I detta examensarbete studeras en andra ordningens dif-
ferentialekvation med allmint kvadratiskt hoégerled,

d.v.s. ekvationen

2 2
T Byqxq * PygXy¥y ¥ DooXy
X = X o+

a C X2+C XaX + C X2
291 22 11%1 12%1%9 22%2

Olika specialfall av ekvationen férekommer inom t.ex.

biologi och kdrnteknik.

Att erhdlla en explicit 1&sning till den allménna ek-
vationen visar sig ogdrligt. Likasd &r en allmdn sta-
bilitetsanalys mycket otymplig. Istdllet studeras ett

antal relevanta specialfall.

De undersdkta specialfallen indelas i tva huvudgrup-
per, ndmligen d& den linj&ra approximationen har re-

ella resp. komplexkonjugerade egenvdrden.

Ekvationen undersdks férst med avseende pd singulari-
teter, ddr en del generella uttalanden kan goéras. Dar-
efter genereras ett antal numeriska specialfall pa

analogimaskin,

Ndgon allmingiltig utsaga om l&sningens uppfdrande
ip svar att gbra. Man kan dock konstatera att 18sning-
en inte beror kritiskt av smd parametervariationer,
men att olika struktur pd den olinjdra termen kraf-

tigt f¥rédndrar dess egenskaper.




1.

ANALYSIS OF A GENERAL QUADRATIC SECOND ORDER
DIFFERENTIAL EQUATION.

In this thesis a second order differential equation
with a general quadratic structure of the right hand

gside has been analyzed, viz.

2 2

A TR PpaXq * DypXqXy ¥ bopXy
X = X +

i ? 2

8r1  E99 Ciq%q T CupXqXg * Cop¥y

The equation appears as a description of several bio-

logical and nuclear reactor phenomena.

It is quite impossible to get any general solution.,
Stability analysis, e.g. Lyapunov functions, is very
difficult to carry out in the general case. Therefore

a number of special cases have been run.

The examined special cases are grouped into two main
areas, viz. real and complex eigenvalues of the line-

ar approximation.

First the character of the singular points is examined,
and some general results can be presented. Then seve-=
ral phase planes are generated by an analog computer

in order to achieve knowledge of the system.

It can be observed that solutions not depend critical-:
ly on small coefficient variations, but change of the
quadratic term structure will influence the solution

strongly.
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RE-86 August, 1970 (J. Wieslander)

Knutsson, Gert Ingvar

JAMFORELSE MELLAN TRE OLIKA METODER FOR REELLTIDS-
IDENTIFIERING.

Tre metoder fdr att identifiera parametrarna hos ett
linj4rt, tidsvariabelt system beskrivs. Huvuduppgif-
ten har varit att skriva ett moduldrt FORTRAN-program,
som kan anpassas till de tre metoderna och olika mo-
deller genom att man endast behdver gdra smdrre dnd-
ringar i programmet. Det erhdllna programmet har se-

dan anvints fér testkdrning pad tre system:

1. Ett fdrsta ordningens system
2. Ett andra ordningens system
3. Ett fdrsta ordningens olinjdrt system

En metod bygger pd teorin f6r Kalman-estimering, en
annan pd minsta-kvadrat-metoden och den tredje pa teo-

rin f8r stokastisk approximation.

COMPARISON BETWEEN THREE DIFFERENT REAL-TIME IDENTI-
FICATION METHODS.

Three different methods of identifying a time varying
system are described: least squares with exponential

weighting, Kalman filtering and stochastic approxima-
tion., A modular FORTRAN program, which can be adapted
to different models with little effort, has been writ-
ten. The program has been used on three digitally si-
mulated examples. Differences and similarities in the
behaviour of the three real-time identification algo-

rithms are discussed.
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RE-87 October, 1970 (K. Eklund)
Broqvist, Stig

MATEMATISK MODELL FOR SJON TRUMMEN.

En fdrenklad matematisk modell f&r en s3j® har tagits
fram. Modellen bestdr av fyra ordindra differential-
ekvationer med tre insignaler. Tva av differentialek-

vationerna dr olinjéra.

Modellen har simulerats pd analogimaskin for olika
parametervidrden. Modellen svarar pd sinusformade in-
signalen i princip som man kan védnta sig f&r en sjo.
Maximum och minimum vdrden &r ungefdr lika med upp-

skattningar av verkliga vdrden.

Syftet med den ekologiska modellen har varit att dels
f& bidttre insyn i hur ekologiska system beter sig och
att dels gbra det mdjligt att kunna uppskatta hur in-

grepp paverkar den biologiska balansen.

MATHEMATICAL MODEL OF THE LAKE TRUMMEN.

A simplified mathematical model for a lake has been
developed. This model consists of a set of four ordi-
nary differential equations with three input signals.

Two of the differential equations are non-linear.

Simulations on an analogue computer have been made for
some different parameter values. Model responses to
sinusoidal inputs correspond to some principle fea-
tures in field data. Maximum and minimum values app-

roximately equal estimated real values.

The purpose with the mathematical models have been

1) to help to create better understanding of ecolo-

gical systems behaviour

2) to make it possible to estimate more accurate the

affects of human interferences in nature.
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RE-88 November, 1970 (B. Wittenmark)
Martensson, Ingmar
Weibull, Anders

MINIMALVARIANSSTYRNING AV ROBOT.

En adaptiv regulator f8r en process med tidsvariabla
parametrar har undersdkts pd dator. Som process har
anvints en modell av en robot. De tidsvariabla para-
metrarna uppskattades med ett Kalman-filter. De upp-
skattade parametrarna anvdnds sedan for att konstrue-
ra en styrlag som ger minimal varians hos utsignalen.
Regulatorn tar ddrvid h&nsyn till att parametrarna dr

uppskattade och att ddrfor vdrdena &dr osdkra.

Styrning av roboten visade sig fungera bra for de

flygfall som simulerades.

MINIMAL VARIANCE CONTROL OF A MISSILE.

An adaptive regulator for a process with time varying
parameters has been simulated on a computer. A model
of a missile has been used as the process. The time
varying parameters have been estimated using a Kalman
filter. The estimated parameters have then been used
to derive a control signal which gives minimum vari-
ance on the output. The controller then takes into
consideration that the estimated parameters are not

exactly the true ones.

The control of the missile was good in the different

flight cases that were simulated.
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RE-89 November, 1970 (K. Eklund)

Frick, Bengt

RUMSMATNINGAR OCH IDENTIFIERING AV RUMMETS DYNAMIK
MED MAXIMUM LIKELIHOOD-METODIK.

Mitningar har utférts i ett provrum pd institutionen
f6r byggnadskonstruktionsldra. Mitningar har gjorts
vid tre olika uppvirmningstyper, strdlnings-, konvek-

tiv- och radiatoruppvdrmning.

Som insignaler har valts temperaturen pd uppvdrmnings-
anordningen och utomhustemperaturen. Som utsignal har

tagits ndgra temperaturer i rummet.

Koefficienterna i parametriska modeller for Overfdrings-
funktionerna identifieras med maximum likelihood-meto-
dik.

Overfdringsfunktionerna fran uppvdrmningsanordningens
temperatur och utetemperaturen till temperaturen i rum-

met har berdknats.

Simulering av de erhdllna modellerna har ocksd genom-

férts.

TEMPERATURE MEASUREMENTS IN A ROOM AND IDENTIFICATION
OF THE DYNAMICS OF THE ROOM USING THE MAXIMUM LIKELI-
HOOD METHOD.

Measurements of a room have been done at the institu-
tion Byggnadskonstruktionsldra. Measurements have been
done for three different warming types, radiant, con-

vective and radiator warming.

The inputs are the temperature of the heating appara-
tus, and the outdoor temperature. The output is diffe-

rent temperatures in the room.
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The coefficients of parametric models of the transfer
functions are identified by the maximum likelihood

method.

The transfer functions from the temperature of the
heating apparatus and the outdoor temperature to the

temperature of the room have been estimated.

Simulation of the models have also been done.
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RE-90 February, 1971 (K. Eklund)
Lundstrdm, Anders

Nilsson, Christer

UNDERSUKNING AV EN PLATTVARMEVAXLARES DYNAMIK:
MATNINGAR OCH IDENTIFIERING.

I detta examensarbete undersbkes dynamiken hos en
(vatten-vatten) plattvédrmevdxlare, vilken betraktas
som ett system med fyra insignaler och tvd utsigna-

ler.

M&tningarna har utfdrts under laboratoriemdssiga for-
hdllanden. En eller tva& insignaler har varierats och
métningar har skett vid olika nivd och amplitud hos

dessa. Tva olika samplingsintervall har anvidnts.

Data ger mdjlighet till identifiering av ndgra tio-
tal insignal-utsignalsamband. Av dessa har ett utvalts
(insignal: sekunddrsidans fldde; utsignal: sekunddr-
sidans uttemperatur). Parametrarna i en linjdr modell
har identifierats med Maximum Likelihood metoden. Ord-
ningstalstest indikerar att en andra ordningens modell
4r tillrdcklig. Kontinuerliga modellens tidskonstant
Sverensstdmmer ungefdrligen med den som kan skattas

ur stegsvar.

INVESTIGATION OF THE DYNAMICS OF A PLATE HEAT EX-
CHANGER: MEASUREMENTS AND IDENTIFICATION.

The task of this thesis was to investigate the dynami-
cal behaviour of a (water-water) plate heat exchanger,
which is considered as a system of four inputs and two

outputs.

The measurements have been made under laboratory con-

ditions. One or two inputs are varied. Inputs with dif-
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ferent>levels and amplitudes have been used. Further-

more, two different sampling intervals have been used.

Data of ten or so input-output relations have been
stored. One of these is chosen (input: secondary flow;
output: secondary temperature (out)), and identifica-
tion using the Maximum Likelihood method is done. Test
of model order indicates that a second order model is
sufficient. The time constant of the continuous model
is in accordance with that estimated from step response

analysis.
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RE~91 February, 1971 (J. Wieslander)

Jdnsson, Bengt
KONVERSATIVT DATORPROGRAM FUR PROCESSIDENTIFIERING.

Ett program &r framtaget for automatisk identifiering
av en fysikalisk process som dr ansluten till en pro-
cessdator. Processen antas kunna beskrivas av en lin-
j&r tidsinvariant modell. En introduktion dr given
+i1l reelltids minsta kvadratmetod fdr identifiering.
Vidare diskuteras val av ordningstal hos modellen.
Blockdiagram f6r identifieringsautomaten &r givet,

och program fér dels off-line och dels on-line iden-
tifiering diskuteras. Slutligen visas resultat fran
ett identifieringsexperiment pd en endimensionell var-

meledningsprocess.

COMPUTER PROGRAM FOR AUTOMATIC PROCESS IDENTIFICATION.

A program for automatic identification of a physical
process connected to a process computer, PDP-15, is
discussed. The process is assumed to be described by

a linear time invariant model. An introduction to

Real Time Least Squares is given, and testing the or-
der of the model is briefly discussed. A block diagram
for automatic identification is shown. One program for
off-line identification and one program for on-line
identification is introduced. Finally the result from
an identification experiment of a one dimensional heat

diffusion process is given.
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RE=92 March, 1971 (K. Eklund)

Jensen, Lars

MATNINGAR PA LUFTKONDITIONERINGSANLAGGNING MED ATER-
BLANDNING. IDENTIFIERING AV DELSYSTEM.

Dynamiken hos luftkonditioneringsanldggningar 4dr gans-
ka okind. Tillgidngliga teoretiska modeller dr ganska
komplexa och inte sdrskilt ldmpade for att konstruera
en ldmplig regulator. Vanligtvis erhélles en modell
bestdende av ett system partiella differentialekvatio-
ner. Dessa mdste approximeras till ett system av ordi-
nira differentialekvationer for att kunna anvéndas vid

dimensionering av reglerutrustning.

Viarmeledningskonstanter dr ganska okdnda. De kan vara
funktioner av temperatur och fldde, men far ett fixt
virde i modellerna. Den slutligen erhdllna modellen
kan vara ganska felaktig. Ddrfdr har i samarbete med
Billman-Regulator AB métningar utfdrts pa en luftkon-
ditioneringsanlidggning. Maximum likelihood-metoden an-
vindes som identifieringsmetod. P& grund av recirkula-
tion i anlidggningen erhtlls problem med identifiering-
en. En fjdrde ordningens modell togs fram for vatten-
+ill-1luft tvarstrdmsvirmevixlare. De Ovriga dverfdérings-
funktionerna till det betraktade flervariabla systemet

behandlades ej.

MEASUREMENTS ON AN AIR CONDITIONING PLANT WITH
RECTRCULATION. IDENTIFICATION OF A SUBSYSTEM.

The dynamics of air conditioning plants are rather un-
known. Available theoretical models are quite complex
and not very suitable for the synthesis of a regulator.
Usually we arvive to a model consisting of a set of

partial differential equations. These have to be app-
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roximated by a set of ordinary differential equations
to make useful results of control theory applicable.
The geometry of the models are simplified in relation

to the real geometry.

Heat conducting constants are rather unknown. They
may be functions of temperature and flow, but are gi-
ven a fixed value in the models. So the final model
can be affected with severe faults. Therefore in co-
operation with Billman-Regulator AB measurements have
been done on an air conditioning plant. The maximum
likelihood method was used as an identification method.
Tdentification problems were caused by recirculation
in the plant. A fourth order model for the water-to-
air cross-flow heat exchanger was derived. The remai-
ning loops of the considered multivariable process is

not treated.
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RE-93  April, 1971 (J. Wieslander)

Hagbjer, Lennart

UTMATNING PA PLOTTER.

Uppgiften avser att skriva ett datamaskinprogram for
utmatning pd en vid Inst. £8r Elmdt. konstruerad bldck-
strdleskrivare. D& denna sdtter punkter pd ett papper
fastsatt pd en roterande trumma skall utdata bestd av,
f8r varje x-koordinat i tur och ordning, en stigande
£819d av de y-koordinater som skall utmdrkas. 0 s X,

y < 1024,

Indata utgdrs av foljder av startpunkter samt serie
av inkrement fran startpunkten. Dessa indata skall
alltsd fdrst omvandlas till xy-koordinater och sedan

sorteras i ritt ordning for utmatning.

Fér lagring av mellanresultat anvidnds ett skivminne.
P& grund av begrdnsat utrymme i kdrnminnet sker sor-
teringen i tvd steg, fdrst en sammansmdltning av ett
antal filer sorterade efter x, och sedan en sortering

av y-virden for varje x-vdrde.

Programmet bestdr av sex subrutiner, sammanhdllna av

ett huvudprogram, skrivet i FORTRAN.

Programmet dr avsett att kdras p& en PDP-15 och sub-

rutinerna 4r skrivna i PDP-assembler.

PROGRAMS FOR PLOTTER OUTPUT ON AN INK JET PLOTTER.

The task was to write a program for plotter output on
an ink jet plotter built at Inst. of Electrical Mea-
surements, LTH., This plotter puts dots of ink on a
paper fastened to a rotating drum and it must have,
for every x-coordinate, the y-coordinates in rising

order. 0 € x, vy < 1024,




23,

Indata exists in dump mode on DEC tape, and consists
of files of starting points followed by step increments.
Each file has to be changed into pairs of xy-coordi-
nates and then sorted and arranged in a suitable way

for output.

The intermediate results are stored on disk. On account
of the rather small core memory and the mass of coor-
dinates, the sorting procedure is made in two steps.
First a merge of several files sorted after x is made,

the the y's are sorted for each x-coordinate.

The program consists of six subroutines, linked by a

program, written in FORTRAN.

The program is written to be run on a PDP-15 computer

and the subroutines are written in Macro assembler.




24,

RE=9Y4 April, 1971 (S. Lindahl)
Olsson, Karl-Erik
Akerlund, Mats

TILLAMPNING AV LINJARKVADRATISK TEORI PA KRAFTSYSTEM.

Ftt kraftsystem bestdende av en synkronmaskin med spdn-
nings- och varvtalsreglering, ansluten till ett starkt

ndt via en dverfdringslinje, studeras.

Systemet beskrivs av atta stycken olinjdra forsta ord-
ningens differentialekvationer. Ekvationerna linjédri-
seras och en optimal, tidsinvariant styrlag bestdmmes
genom att anvénda den linjdra modellen och en kvadra-

tisk forlustfunktion av féljande form:

T T
J ((X7QX) + (UTQ,U))dt
0

1
J =g

Matriserna Q, och Q, justeras heuristiskt, for att er-

hdlla ett bra insvingningsforlopp.

Styrlagen provas sedan pd bdde den olinjdra och den
linjdra modellen. Systemets reaktion undersokes da
generatorns uteffekt dndras fridn ett konstant vdrde
+i11 ett annat. Hir undersdkes ocksa ndr man kan bet-
rakta den linjdra modellen som en bra approximation

av den olinjdra.

Resultaten jamféres ocksd med uppfdrandet hos en re-
gulator som innehdller aterkoppling frdn endast nagra
f& tillstand.
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APPLICATION OF LINEAR QUADRATIC THEORY ON POWER
SYSTEMS.

A power system consisting of one synchronous machine
with voltage and speed regulation, connected to an in-

finite bus through a transmission line, is studied.

The system is modelled by eight first order nonlinear
differential equations. The equations are linearized
and an optimal time-invariant control law is deter-
mined by using the linear model and a quadratic cost

function of the following form:

f ((xTox) + whg,m)dt
0

[
T
rof —

The matrices Q1 and Q2 are adjusted heuristicly in or-

der to obtain good transient response.

The control law is then applied to both the nonlinear
and the linear system models. The system responses
are investigated when the generator power output is
changed from one constant value to another. It is al-
so investigated when the linearized model can be con-
sidered as a good approximation of the nonlinear sys-

tem.

The results are also compared with the performance of
a regulator which contains feedback from a few states

only.
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RE-95 June, 1971 (B. Wittenmark)
Andersson, Bo
Nordenskjsld, Kjell

SAMKORNING AV MOTORER.

I detta arbete studeras samkdrning av tvd motorer, som
driver en gemensam belastning via en kuggvidxel. Det an-

tages, att motorerna &r linjdra inom sitt arbetsomrade.

Malsdttningen &dr att det fran motorerna utgdende varv-
talet oberocende av belastningsvariationer skall Sver-

ensstdmma med ett givet referensvarvtal och att effek-
ten skall kunna f®rdelas mellan motorerna pa ett givet

satt.

Det visas, att vissa regulatorarrangemang, t.ex. da mo-
torerna fdrses med var sin PI-regulator f&r varvtalet,

inte alls fungerar beroende pa instabilitet.

Slutligen visas ett par kopplingar, som helt eller del-

vis uppfyller mdlsdttningen.

Matematiska verktyg dr i huvudsak Laplace-transformen

och matrisrdkning.

THE DUAL MOTOR PROBLEM.

In this report studies have been done on two engines
driving a common load via a mechanical gear. The en-
gines are presumed to be linear within their working-

range.

The aim is independently of load variations to get
the engines' outgoing angular frequence to be equal
to a given reference and to distribute the power bet-

ween the engines in a given proportion.
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The report shows that certain arrangement of regula-
tors e.g. engines fitted with proportional and integ-
rating regulators do not work at all depending on in-

stability of the system.

Finally is shown a few couplings which entirely or

partly fulfil the aim.

Mathematical tools are essentially the Laplace trans-

form and matrix calculus.
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APPENDTX
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EXAMENSARBETEN I REGLERTEKNIK HT-70.

et

I denna skrift ges ndgra relag pd examensarbeten
reglerteknilk. Avbetens preszenteras i ett antal avsnitt,
vars rubriker definierar examensarbetenas allminna in-
nehdll. I varje avsnitt ges ndgra konkreta f8rsglag till
examensarbete. Listaen 8ver examensarbeten f8rindras
stdndigt, s4 om listan nu ej innehdlier ndgot arbete,
gom intresserar, kan det dvka upp nya férslag lingre
fram. Den, som dr intresserad, 4dr vilikommen till insti- -
tutionen fér nirmare diskussion. Férsta kontakt bér tas

med univ.lektor Bidrn Wittenmark.

nga av de angivna examensarbetena kriver kunskap i

Férutom de arbeten, som presenteras hir, brukar 4ven

L ]
C

igsa ?5?3 féretag, t.ex. ASEA och SAAB, varie &r ge
ut listor med examensarbeten. I dessa finns ofta ménga
arbeten inom fmnet regleringsteknik.

Det &r Onskvdrt, att teknolog, som utfdr examensarbeten

5%

i regleringsteknik, deltager i undervisningen i fort-

sdttningskursen, DA denna kurs ligger pd virterminen i
fyran, kan det ur studietidssynpunkt vara férdelaktigt

[2H
et
a3
fie

abédria examensarbetet innan fortsittningskursen v

K.J,. Astrém
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2. PROCESSIDENTIYIERING.

Vid tiil8mpning av reglertek
=g &

Processidentifisping dr en s
7

o
“
nidtningar bestimma de differ
= Y

Sverférin mktion, som beskriv &
ett av institutionens aktuella forskningsomrdden. Ett
& n

2.1 Frekvensanalvys.

at
man skall kunna ansluta en "black

box" ach f& ut ett Bode-diagram f8r systemet.
2.2  Strukturidentifiering.

3 Le} g TS

Yy . . PO O . S % - O 1 T -
2.3 baﬁukthfiééntliiefzmg - 1dmférelse mellan ridkne
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3. OPTIMAL REGLERING.

Genom att formulera syntesproblem smom optimeringsprob-
lem kan mdnga av variationskalkylens kraftfulla resul-
tat tilldmpas f8r att dimensionera reglersystem. De
végentliga teoretiska problemen &r i princip 18sta,

mer mycket arbete Aterstdr vad betrdffar utvecklingen
av numeriska algoritmer. Detta dr ocksd ett av insti-
tuticnens aktuella forskningsomrdden. Ett programpaket
fér dimensionering av regulatorer och styrlagar fér

8ra system med kvadratiskt kriterium, bide f&r

[
gn.u

I

e

Lan=-

5

jéra
skreta och kontinuerliga system, hay utvecklats.

sa programpaket har tillimpats pd ndgra konkreta exem-

e
‘nqv!n

¥

pel. Erfarenhet frdn ytterligare tll‘émmxlngar dr emel-
lertid mycket visentligt. F8ljande arbeten finns:

3.7 Optimal reglering av kallvalsverk.
3.2 Optimal reglering av varmvalgsverk.

3.3 Reglering av nivd i kraftverksdamm.

Aven vissa av arbetena under avd. 1 kan komma att an-
vinda optimeringsmetoden.

3.% Optimal styrning av kemiska procegser.

En kemisk process kan ofta beskrivas med hidlp av
ett system av ordindra differentialekvationer

% ,
ax Flx,ust)

dt

ddr tillsténdsvariablerna exenpelvis beskriver

kencentration, tryck eller temperatur. Man dr of-
ta intresserad av att ?é nigot sdtt styra proces-
sen sd att nfgon storhet optimeras. Arbetet avsep
att pd nigra modeller f8y olike kemiska processer
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som utvecklas vid institutionen.
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ODER.

g

sch linddrisering av olinj
umeriskt kunna 1&sa

gt oatt n
sm, t.ex. £8p att 18sa ut stationdra

4y det nddvindigt f8r linjdrisering

att berikna dervivator. F8liande tvéd examensarbeten &v

»

avsedda att undersdka numerigka algoritmer, som liser

siongsyeten,

S B SURPRUN, R o
A% e iLvator.,
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. ADAPTIVA RECLERSYSTEM,

Adaptiva reglersystem kan automatiskt anpassa sig till
5%

varierandes k. Bland de mest vHlikidnda exe

i
ler mirks automatisk vo!

e 1 o
yvatendynam
&

=]
b=
0
puc
]

sarbeten har genomfdrts men flera dterstir, t.ex.:

5

reglevsysten

; gra meto-
der att lata fegala*r?é? sutomatiskt stdlls in sig
gd att biste mdiliga resultat erhilles.

Fér en realistisk flygplansmodell skall undersikas
e

gleringen kan ske med en adaptiv regula-
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