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1. INTRODUCTION

The education for civiLingenjörsexamen (Master Degree ìn Engìneering)
'is compLeted with an 'indpendent work, the master thesis (examensarbete).

It shouLd show the student's abiLity to attack and solve a Larger

probLem. The time devoted to the thesis is about three months of fulL
time work. The thesis can be done individuaLLy on by two students

together.

Thìs report is a coLLection of the document pages of the theses

compLeted during the academ'ic year 1979/198O. During this time 14

theses were finished by 18 students. The major part of the theses is
made within the framewonk of the research program at the department.

Some of the theses are made as feasibiLity studies or made in coopera-

tion with the industry or other departments.

Further information concerning the resuLts can be obtained from the

Department of Automatic ControL by contact'ing the advisor. The theses

are avai LabLe at the University Library in Lund (Address: Universìty
L'ibrary 2, Box 1010, S-221 03 LUND, Sweden).



?. LIST OF THESES

TFRT-5222 Kongstad P: Automatisk instäLLning av PID-reguLatorer

baserad pâ optimering och'identìfiering (Automatic tuning

of PID-controLLers usìng optimization and identificatìon),
August 1979.

TtRT-5?23 tJiberg P: Vibrationer i presspartiet ì en pappersmaskin

(Press nìp vibrations in paper machines), August 1979.

TFRT-52?4 Brännström K and MeLcher H: RegLering av strängspruta
(ControL of a rubber extruder), August 1979.

TFRT-5225 Tì Ljander S: Undersökning av två sjäLvinstäLLande reguLa-

torer för senvoprobLemet (Investigatìon of tulo seLftunìng

reguLators for the servoprobLem), September 1979.

ltRT-5?26 von Knorring 0 and Lìndsten L-G; EnkLa reguLatoren (SìngLe

controLLers), JuLy 1979.

TFRT-5??7 Ni Lsson H: InsuLin-gLukos regLerìng (InsuLìn-GLucose

controL), 0ctober 1979.

TFRT-5228 NieLsen L: RegLerìng av ATP-syntesen j mitokondrier (ControL

of the ATP-synthesis in mitochondria)r 0ctober 1979.

TFRT-5229 Svensson G and Âhs M: ModeLLerìng och simuLerjng av matar-

vattenförvärmnìngssystem (ModeL Ling and simuLation of

feedwater preheatìng system), November 1979.

TFRT-5230 ULLen K: Styrning av motorprovbädd (ControL of a dieseL

engine test bed), Apri t 1980.

TFRT-5231 Hedin B: Identifiering av dynamìska modeLLer för tempera-

turen i ett kontorsLandskap (Identification of dynamic modeLs

for the temperature in an office Landscape), May 1980.

Bjartmarsson K: SimuLering av en kemisk reaktor (SimuLation

of a chemicaL reactor), llay 1980.

TFRT-5232



TFRT-5233

TFRT-5234

TFRT-5235

Ni Lsson M and 0Lofsson P: Li kströmsmotordrivet kraftregLer-
system (DC-motor driven force controL system), June 1980.

0Lsson R: ModeLLering och simuLering av synkrongenerator-

dynamik (ModeLLing and simuLation of synchronous generator

dynamìcs), June 1980.

l,Jennstad P¡ Adaptiva reguLatorer (Adaptive reguLators),
June 1980.



3. SUBJECT LTST

!gÞie,g!

Adaptive controL

ModeLLing and simuLation

B'io Logi ca L systems

Ident i fi cat i on

AnaLysis and synthesis

Ihesre

5222, 5225, 5?35

5??3, 5229, 5232, 5233, 5234

52?7, 5228

5231

52?4, 52?6,5230



4. DOCUMENT PAGES

The foLLowing pages contain the document pages of the theses. AIL theses

are written in Swedish with an abstract in EngIish.

0n the document page the foLLowing data are given:
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(Refe nat )
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Dok umen tu tqiva re
Igwl{ Institute of Technology

Hrndtäe&ÇpartmenÈ of Automatic'Control
dfA* üIirtenmark
Fö rfrttårc
lguþ Kongstad

Dokumentnann Dokumantbatacknlno

fuponr LUTFDz/ (rFRr-s2) Ð'/ :.-Oe4 / Gs7 s)
Utgivnlngrdrtum

ffiúst 197e
Ärrndrbctocknlng

ut.:. 15

'î 0r4

Dokumenttltel och undêrt¡tel

ÄtiÈó'matisk inställning av PlD-regulatorer baserad. på optimering och identifiering.
(Automatic tuning of PlD-control-lers using optímizaÈion and identifícation)

R€forat (rammandrsg)

fliióì naster Èhesis presents a general structure for the optimization of regulator
Parameters. IÈ is assumed that conËrol structure and conÈrol aim (given as a loss
function) are chosen. The process thaÈ is controlled need not be known; identifica-
Èion and opÈimization are performed simulÈaneously. Processes containing pure time
delay can be opËimized with only minor program changes.

This search method has been applied to PI- and PlD-regulat.ors and processes of
moderate order and have been programned in Simnon, a simulation language. Actual
results from the compuÈer simulations using different loss functions and programs
are included. The report also contaíns discussÍons of the choice of loss function
and ident,if ication in cl-osed loop systems.

Fôrslag till ytt€rl¡gsro nyckelord
4+tu

Kls¡¡¡f ¡krtionrlystom och -kl¡s¡(er)
50T0
lndextsrmer (ange källa)
52T0

Flefarât rkrívot rv

âûihor

i Omfång

84i
övr¡gE bibl¡ogral¡3ka uppgiftcr
56T2

(\.

o
il
ro

I
4t

.9
c
o
o
J
d¡

l-
o
t-z
U

f
v
o
o

i språk

' Siseilish
: S€kretesauppg¡ft€r
, ó0T0

ISSN

óiJï4
tsEN

srs-
DB.I

Blankett LU 11 :25 1976-O7

l:0Tó
Dokumentot kon orhâllas från

DèþärtmenÉ of Automatic ConËrol
Lund Institute of Technology
Box 725, 3-220 07 LIIND 7, Sr¿eden

Mottagôron¡ uppg¡ftcr
62T4

P ri¡
6fiA



Dok um€n tu toivâ r€

Þu1rd Inõtitute of Technology
Hrndlðggårc
Gustaf Olsson
Fä rfatrcr€

9ÊllArne tr^Iiberg

Dokum€ntnrmn Ookum.ntbatackn¡ng
RÉÞonr LurrDz/ (rFRti5223) /r-oiz) / (rs7s)
Utg¡vn lngtdrtum Arcndrbrtrcknlng
Aú-¡!úst 1979 ûóîó

1 0T4

Ookumenttltel och undortítêi
Vúbrationer i presspartiet i en pappersmaskin

(Press nip vibrations in paper machines)

R€lerst (rammandrag)

Vd,þrations in Èhe press section of a paper machine is getting a serious
problem. This is caused by the high speeds and Èhe high nip pressure Ëhat

aPpear in modern paper machines. In Èhis paper a hypothesis of the causes

of vibrations in a press nip has been stated. To validate the hypothesis
a mathematícal model of the press nip has been derived. The basic model

describes the dynamícs of a continuous press ro11 and has been discretized
into a model with eight spatial points. A sirnulation progr¿rm in SIMNON has

been written and the system was símulated on a computer. The results of the
simulations seem to verify the hypothesis

Förslag t¡ll ytlorl¡9ð16 nyckolord

4/+ I0

Klârrit¡kationrlyst€m och -klrlr(er)
5 0T0
lnclextsrmtr (ange källa)
52TC

Fl6f€rat rkrivet rv
åùÈhor

ôl

o
N
ro

I
rt
.9
c
o
o
J
l0

Þ

o
F
z
UJ

lv
o
o

¡ Omtång

i -l.2,gages

, Sprâk
i gr.redish

övriga bibliograliska uppgiftar
56T2

Se k retesruppgi ftcr
ó0T0
Ookumontat kan orhtllas från
Dèpartment of AuËomatic Control
Lund InsËitute of Technology
P O Box 725, S-22O 07 LIIND 7, Sweden

Pr¡t

ISSN

ó0T4
Mott.garen3 uppgift.r
ó2T4

tsaN

' ¿¿fOSIS.
oB1

Blankett LU 11 :251976-O7

'¡U¡O



Ooku mon tutgivo r€

flliã8 r""titute of Technology
H.ndläcsrre Dept of AutomatiC Control
èóA0ar olsson
Förlattårc
$jç$1 nr

ftûpónr
Dokum.ntÞ.t cknlng
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ännström

Elokumontn¡rrrn

UtCivnlng3dctum

Aíi[úst 1979

10Tlr

Ärandrbctrckn lng
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Hans Melcher

rêl

Rê$lering av Strängspruta
(ConËrol of a rubber extruder)

R016rat (rammondrag)

f,hê-ìpurpose of this work has been to identify and control a rubber exÈruder.
The product diameter variance has to be minimized. It is contïolIed by the

setpoint value of the scre\¡r rotation speed. During the experiments it was

not allowed to change or uncouple the temperature conLroller. A mathematic

model has been derived by a process identification of measured data. The re-
sults indícate, that the product standard deviation is only one sixth of the

stipulated tolerance va1ue, already with no automaËic control. Therefore
it is not considered worthwhile to implement minimal variance controller,
as no significant improvement can be expected.

IË is considered interesting Ëo further study the temperaÈure control. It is
believed that an t of this controller can increase the production
Fleferat rkfivst rv rate wÍÈhout loosing in quality.,årûthors
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Ook u men tutgiva re
D4nd InstituËe of Technology
Hrndrässrro Dept of Automatic Control
Êfäi" I^Iittenmark
Fti rfsttarc

8üÄf c"""ar Tiljand.er

ËÊÞ'ðHt'" "' L ur r¡ z / c r ¡,nr -31-23 l7I :üåt 7c L s 7 s )
Utg¡vnlngrdrtum

SáþÉemuer 1979

1 0T4

Ar.nd.b.t.cknlng
,-ct i Ð

Ookumentt¡tol och undert¡tel

Ûfrãârsökning av två självinställande regulatorer för servoproblemet
(Investigation of two self-tuning regulators for the servoproblem)

Fl€forat (ramm endrag)

Ê'#õ'iself-Èuning algorithms to Ëake care of the problem with reference signals have
been eompared in thi-s work. The first algorithm is given by B l^litterunark (1975)
and the second by Clarke-Gawthrop (1975). Both regulators are based on a recursive
1-east-squares estimator of the parameter of a feedback control Law combined with
feedforward signals. The estimated parameters are then used in the conÈrol lar^r as
if they are Èhe true ories. Some precaution musÈ then be taken Èo handle steady-
state-errors. In this work this has been done by the following Èwo possibilities:
i) cascade the regulator with an integrator ii) and increase the order of the poly-
nomials in the model. The properties of the algorithms are investígated by using
simulations.
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O okumon tu tg¡vå ro

I6r-r{t Institute of Technology
Handrässarc Dept of Arrtcrnatic Control
0óT0
Föafrttrro
Ql-qñ von Knorring
Lars-Göran Lindsten

Dokumanttltol och undort¡tel
1 BTOE:kla regulatorer

(singìe control lers )

R€forât (sammandrag)

Ookum.ntbrtrckning

LUÏF D2 / ( TFRir&26 ) / I -088/ ( r e7e )
Ärcndrbetoc knlng

UOlr)

ISBN

ltri-s re¡rcrt, ajms to give a general 'Jescription of single .ontrott.t- utt¿

their i¡herent characteristj-cs. Ttre worûì of scrne earlier (in ttre 40-

ar¡d 50-ies) tLreoretically derived nrles for optimun adjr:strnent of
autcrnatic controllers have been parbJ-cu1ar1y o<arrj¡red. Ttre same is
applied to the specific effects resulting frcrn the use of an integral
part.
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Ooku men tu tg¡vare

0ûñd Institute of Technolo.gy
Handràss!'. Dept of Automatic Control
9éfCHagander
Fö rlctt6ra
ÊST0hrister Nilsson

Dokumenttltol och undGrt¡tsl

Dokum€ntnamn Dokumantbatacknlng

flÉÞónr LUTFD2 / (TFRT--S-2 27 ) / r-r2} / (Ls7 s ,

Utgivn lngrdatum Ärtndrbotrcknfng
OóËóber 1979 0óTó

1 0T4

tflEtrl"-glukos reglering
(Insulin-glucose conÈro1)

Relerãt (rammandrag)

túrËOreport is divided into three main parts. In the first part an estimation
has been carried ouÈ of how differenÈ insulin and glucose loads affect the
blood glueose concentration in a normal dog. The blood glucose concentration
has, in all cases, been measured by the use of Gambro ABts CGM-equipment.

A test of three different pancrealic models is described in the second part.
One model has been fitted to data from a glucose toleranse test, and one model
to insulin load experiments described in part one. Based on the latter model
test simulations have been carried out to Èest a PD-regulat.or and one nonlinear
regulator.
The simulation and the optimization of parameter fitting have been done in
SIMNON, an interactive simulaËion program for nonlinear systems. In the third
part practical regulation experiments have been made on normal and diabetic
dogs. Three regulators have been tested. Despite of bad knowledge of models,
the test shor¿s that good regulation can be obtained. If the insulin need is
unknown there can be considerable stationary errors for regulators without
inte aleffects. A timede lay leads to thaË the gain must be kept low to avoid

oscillations.
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Dok umon tutd¡våre
þ4qrd Inétitute of Technology
Handråsserc Dept of Automatic Control
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Författsr€

08ïÊ Nielsen

Dokumcntnarnn
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0étóber 1979
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f,.8ËÎ.ri"g av ATP-syntesen i mitokondrier
(ConLrol of the ATP-synthesis in mitochondria)

R€lorat (rammandrag)

îÉåCo*i¿ttion of NAD-H, with equilibrium constant 5.1045, is the energy-soúrce
for ATP-synthesis in mitochondria. In order Èo study how control of such an

irreversibel process can'be managed a mathematical model is built. The model

is based on the chemiosrnotic theory, r^rhere the electro-st,atic potential
difference across the inner membrane of mitochondria is explieitly considered
in the equations. The results inply that the control mechanism is different
from what is usual in hiological systems. Also an app lication of irreversible
thermodynamics shows that Ëhis mechanism allows a high effectiveness.

Flsfarât rkr¡vat rv
At¡thor
För3lsg till ytt6rl¡gar€ nVckolord

óft!'oi."r model

Klasr¡f ik!lionrlystem och -klac¡(er)

50T0
lndoxtsrm€r (an0e källa)

52T0

övrigð b¡bl¡ograf ¡3ka uppg¡ft.r
5612

Sp råk
ggçSish

Dokumentt¡r€l och undort¡tel

Dokumentot kan erhållas f rån

Dêp-ârtment of Automatic Control
Lund Institute of Technology
Box 725, 3-220 07 Lund 7, Sweden

tì

o
N
ro

Irt
.9
c
o
o
J
o
F

o
F
z
ul

l
Y
o
o

Mottogaren3 uppgiltor
6214

Omlånq
8$lBages

S€k rote!¡uppgiltot
ó0r0

ISSN

6A11

óôT0
P ri¡

s ts-
oBl

Blankett LU 11 :25 1976-07

ISSN



Ookuñenrulaiv
Lund

H ândlô99âro

Forl¿trcre

ateInstitute of Technology
Dept. of Automat j-c Control-
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Nov 1979

ISS N

Göran Svensson
.''iagnus ,Âhs

Dokumenll¡t€l och undertitel

Ì'lodellering och Simulering av

Iiatarvat ten förvärmnings sys tem
(Modelling and Simulation of Feedwater
preheating system. )

qsle /6r (rsmmandrôgl

jlodels of the feedwater preheating system at a BWR are v¡ritten tn
the slmulation J-anguage Simnon.The intention has been to find
a simple dynamic model that describes the feedwater preheating
s1'stem in the nuclear power plant BarsebäckrSweden.
Tv.'o diffrent models have been constructed,one with and one

v¡ithout thermodynamical states.Both models have been investegated.
through simulations and some conclusions were made.
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ldenfifiering av dynamiska model ler för lemperaluren î
( I dentÌficalion of dynamîc models for lhe lemperalure
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A5
Abst¡act
This paper descrÎbes and analyses some experîmenls performed to îdenlify dynamic
models of lhe healing system of an office landscape.

The heating system mainly consists of three fan sysfems, each of them distributes
cold or warm air over one par-f of lhe landscape. lf the Ìnlelsr lemperafures are
regarded as Înpu-ls and lhe space temperatures in lhe corresponding lhree parts as

outputs, one can (try lo) describe fhe înleraction whîth lree mulliple input
single oulpul ordinary difference - equalions.
To excite the process, lhe setpoint for lhe temperalure in the three parts was

independently warÌed by means of pseudo random bînary sequences. Simultaneous values
of the inputs and oufpufs were recorded and used fo compule a leasl square or a

maximum I îkel ihood estimate of the model.

It has appered that first order multipel input models often are sufficient to des-
cr-Îbe the heating process. lT should be stressed -lhal t.hese models are designed
for control purpose and thus are val îd only for short periods (here less than some

hours).
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Abstract

A continuous flow stirred tank reactor is simufated by using SIMNON,
an interactive simulation program for nonl-inear systems. In the
reactor two parallel, j-rreversibl-e reactions are assumed to takeplace: A+B and A-+C which are, respectively, of 2nd and lst order
with respect to the concentration of A. The reactions are exother-
mj-c and hence the reactor is equipped wiÈh a cooling coil. A model
of this process is derj-ved from first principles aná e*pressed in
5 lst order nonlinear differential equations in normaliãed form.
The objective of the process is specified, and subject to const-
raintsr ârl optimal unstable operati-ng point is found. À linear mo-
del is derived from and compared to the nonlinear one. The eigen-
values are determined and certain transfer functions calculated.
A continuous control system for the nonlinear model is developed
heuristically by observj-ng the various step responses. Cascade con-
trol is used for the temperature and compositioñ loops. The effect
of preload in connection with set-point èhanges is dãmonstrated.
The sensitivity to disturbances in process parameters is investi-gated. An attempt is made at feedforward control. A conversion to
sampled-data control system is made and associated effects on
stability accounted for. A simple dead-beat strategy is obtainedfor the flow and lever loops. Bang-bang control is èhown to im-prove performance under certain conditions. The possibility of
introducing dead ti-me into the moder is discusseã trriet1y.-
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DC-motor driven force control system
Li kströmsmotordri vet kraftregl ersystem

A5,\bstract

This report describes a DC-motor driven force control system based on
a permanent magnetized DC-motor, a hydrau'lic transmission mainìy
comprising pump and cylinder and an electronic motor current coñtroller.
The transfer function from input signa'l to cyìinder output force is
derived. Simulat'ions of the dynamìc'behavioui of the syitem are carried
out uti!]zing the "SIMNON"-programming package. The thäoretical studyis venified by constructing and test'iñg a haidware model.

Methods for improvìng the system nesponse-times are descrjbed and
verif ied by s'imulat'ions.
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Modelìerìng och S'imulering av Synkrongeneratordynamik

(Modeìì'ing and Simulation of Synchronous Generator Dynamics )

A number of simple synchronous machine models have been written in the sjmulat'ion
ìanguage SIMNON. The'intentìon has been to find a set of models, which reflect
physical properties and by convers'ion routines transfer these to Park form or vjce-
versa. Three different models are presented. Also the methods for determjnatìon of
the parameters are presented. Simulation studies on one module show the dynamic

behavior of certain step-changes ìn torque and magnetìzation.
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Abstract

The aim of this work i-s to give an introduction to adap-
tive regulators ar¡d some structures. In dealing r¿ith the
mathematical description, the investigated. systems tum
out to show non-analybicity on our way of find.ing usable
criteria. A survey of ava1lable methods to overcome this
are discussed.

A simple adaptive contn¡Iler without need of any plant
mod.el - pro¡iosed by Maríft - is shor^m to be insufficient
in some respects. These are satisfactorily explained. In
order to improve the controller some modified models are
presented.

Studies are made in the field of nodel reference adap-
tive systems. Liapunov's second. method, which is used, in
the analysis presented, is analybicaly shown to be use-
Iess for some testsignals.

Si-mp1e adaptÍve regulators, l,lar5lk's regulator, Mode1 reference adaptlve systoms,
Analysis, Analytical calculatíons.
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