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Ladislav Janousek - Valéria Hraboveova *

VYSETROYANIE I’JCINNOSTI ASYNCHRONNEHO MOTORA
S VYUZITIM NELINEARNEHO PROGRAMOVANIA

DETERMINATION OF INDUCTION MOTOR

EFFICIENCY USING NON-LINEAR PROGRAMMING

Cldnok sa zaoberd vysetrovanim vicinnosti asynchrénneho motora,
ako jedného z kvalitativnych ukazovatelov prevdadzky stroja, na
zdklade vypoctu a merania pocas prevdadzky. V clanku si ukdzané
moznosti vypoctu, resp. urcovania ucinnosti asynchronneho stroja.
Najjednoduchsi pristup spociva vo vypocte ii¢innosti pomocou ndahrad-
nej schémy asynchronneho stroja. Tdato metoda je zdokonalend tym
sposobom, Ze hodnoty prvkov ndhradnej schémy sii optimalizované
na zdklade tdajov, meranych pocas ustdlenej prevadzky stroja.
Optimalizdcia vyuZiva prostriedky nelinedrneho programovania.

1. Uvod

Priama metoda urCovania ucinnosti spoiva vo vypocte
pomeru vykonu P na hriadeli a prikonu motora Pp na svorkach
stroja. Vykon P sa vypocita ako su¢in momentu a otacok, pricom
otacky a moment su merané priamo na hriadeli stroja. VSetky
priame metody vyuzivaji dynamometre, magnetostrikéné, lase-
rové, resp. iné snimace momentu, ktoré sa vyznacuju mnohymi
nevyhodami, hlavne vysokou cenou zariadenia, zloZitostou
procesu, redukovanymi moznostami pouZitia pohonu ako celku
a oby¢ajne nemoznou implementaciou. Preto sa hladaju iné moz-
nosti ziskavania momentu motora, napr. takZze moment sa vypo-
Cita na zaklade nahradnej schémy asynchrénneho stroja.

V tomto Clanku je prezentovany vypocet ucinnosti asyn-
chronneho stroja na zaklade meranej hodnoty prikonu motora
a vypocitanej hodnoty vykonu motora, ktory je urCeny pomocou
meranej hodnoty rychlosti a hodnoty momentu stroja vypocitanej
na zaklade klasickej nahradnej schémy asynchronneho stroja.
Tato metoda vypoctu je menej presna, nevyzaduje vSak pouZitie
Specialnych snimacov, resp. merani. Presnost uvedenej metody
zavisi od presnosti znalosti hodnot parametrov nahradnej schémy
asynchronneho stroja. V Standardnych pristupoch st hodnoty
parametrov pocCitané na zaklade vysledkov merania jednosmer-
nym prudom, merania naprazdno a nakratko. Takto ziskané
hodnoty parametrov nezodpovedaju skutoénym hodnotam para-
metrov stroja pocas jeho prevadzky, co sposobuje nizsiu presnost
vypoctu ucinnosti asynchronneho stroja na zaklade jeho nahrad-
nej schémy. Pokial budu parametre identifikované priamo pocas
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This paper deals with determination of induction motor efficiency,
as one of the qualitative indexes of machine operation, by means of
a calculation and measurement during its operation. The possibilities of
the efficiency calculation are described and it is explained that the sim-
plest method for the efficiency determination is a calculation from
a steady state equivalent circuit of the machine. This method is im-
proved by an optimization of the induction machine equivalent circuit
parameters based on the measured quantities during steady state ope-
ration of the machine. Optimization utilises non-linear programming.

1. Introduction

Shaft torque measurement is a direct method of efficiency
determination by using the ratio of motor output power P to the
input power PP, where Pp is measured and P is given as a product
of measured value of speed and measured value of torque. All
methods use dynamometers or magnetostrictive, laser etc. torque
sensors but have a lot of disadvantages, especially, the high cost of
the equipment, the complexity of the procedures, the reduced
possibilities of the whole drive using and usually impossible
implementation because of the dimension or temperature limits.
Hence, other possibilities for motor torque determination have
been looked for; for example, torque calculation based on the
steady state model of the machine.

This paper presents an efficiency determination based on the
output power calculation from the measured speed and calculated
mechanical torque, by means of classical steady state equivalent
circuit of induction machine, and measured input power. This
method is less accurate, but the simplest method available without
using special sensors or tests. Accuracy of the proposed method
strictly depends on the exact knowledge of the induction
machine’s equivalent circuit parameters. In the classical approach,
these values are calculated based on the results from a DC test,
no-load and locked-rotor tests. Such determined values of
electrical parameters of induction machine equivalent circuit do
not correspond to the real values during operation of the machine
and, therefore, the efficiency calculation based on these
parameters has lower accuracy. If the values of equivalent circuit
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prevadzky stroja, presnost spominanej metddy vypoctu Gcinnosti
vzrastie. Preto ¢lanok prezentuje metodu optimalizacie hodnét
elektrickych parametrov nahradnej schémy asynchronneho stroja,
ziskanych pomocou klasickych merani, na zaklade udajov mera-
nych pocas ustaleného chodu stroja. Ako uvedieme neskor Styri
veliéiny si merané a rovnaké veliCiny su pocitané na zaklade
uplnej nahradnej schémy asynchrénneho stroja. Optimalizované
hodnoty parametrov su urc¢ené pomocou prostriedkov nelinear-
neho programovania minimalizaciou suctu Stvorcov relativnych
rozdielov medzi meranymi a vypocitanymi hodnotami velicin.
Tieto hodnoty parametrov najlepSie popisuju nahradni schému
stroja pre stav, na zaklade ktorého boli optimalizované. Clanok
popisuje moznosti identifikacie vSetkych hodnét elektrickych
parametrov asynchréonneho stroja, pocas jeho ustalenych stavov
a zdokonalenii metdédu vypoCtu ucinnosti asynchronneho stroja
na zaklade jeho nahradnej schémy s optimalizovanymi hodnotami
parametrov.

2. Vypocet vykonu a ucinnosti asynchronneho motora
na zaklade jeho nahradnej schémy

Nahradna schéma asynchronneho stroja, znazornena na obr. 1,
uspokojivo popisuje asynchronny stroj pocas ustaleného stavu.

Ucinnost asynchronneho stroja je dana znamym vzfahom:

P 0,
n = 100% (1

p

Cielom je najst hodnoty vykonu P a prikonu P, pomocou
hodnét prvkov nahradnej schémy, ktoré budu on-line optimalizo-
vané pocCas prevadzky stroja.
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parameters are identified during the motor’s operation, the
preciseness of the efficiency determination mentioned above
rises. Therefore, the paper presents a method for optimization of
the electric parameters of an induction machine obtained from
the classical tests owing to measured quantities during a steady
state operation of the machine. Four steady state quantities are
measured and the same quantities are calculated based on the
complete equivalent circuit of the machine. The sum of square
relative differences between measured and calculated values are
minimized by means of the non-linear programming to find out
the right values of the parameters which fit best the steady state
based on which they have been optimized. The paper shows
possibilities of the identification of all induction machine
parameters during a steady state operation of the machine and
efficiency calculation improvement by using the optimized
parameters.

2. Calculation of the output power and efficiency
of induction motor based on its steady state
equivalent circuit

The steady state equivalent circuit of an induction machine,
drawn on Fig. 1, fits very well with the steady state behaviour of
an induction machine.

Efficiency of induction motor is given by the well-known relation:

P 0,
n =100 % (1)

p
The purpose is to find out the value of output power P and

input power P, by means of the equivalent circuit parameters,
which will be adapted on-line during the induction motor operation.

b
Lo

R’
r
Vph RFe Lm

S
o

Obr. 1 Nahradnd schéma jednej fdazy asynchronneho stroja
Fig. 1 Steady state equivalent circuit of one phase of induction machine
KOMUNIKACIE / COMMUNICATIONS 3/99 o )
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Komplexna vstupna impedancia jednej fazy asynchrénneho
stroja je na zaklade nahradnej schémy dana:

ZOIZr

Zirl = Rs +jX0'S +
Zy+ Z,

2

kde: Z, je komplexna impedancia magnetizacnej vetvy, dand
_ RFe Jva

o RFe +./Xm

Z, je komplexna impedancia rotorovej vetvy, prepocitana

na stator, dana Z, = — + jX
s

3-fazovy ¢inny prikon asynchronneho stroja je dany (V ozna-
Cuje efektivnu hodnotu fazového napatia):

V2
1z,

5 " RelZ,) 3)

Vystupny vykon 3-fazového asynchronneho stroja je dany:

’ 2 1 —S
P=3-R,-I,"-———Pm 4)
s
kde: s je sklz
I’ je efektivna hodnota rotorového prudu, prepocitaného
na stator:
’ v ZO
I=7—7"|7—7= (5
z,| 1z,+z

P,, su mechanické straty, uvaZzované ako 1 % z prikonu.

Pokial chceme vylepSit presnost vypoctu ucinnosti je
potrebné adaptovat (optimalizovat) parametre stroja pocas jeho
prevadzky.

3. Optimalizacia hodnot parametrov nahradnej schémy
asynchronneho stroja pocas ustalenych
prevadzkovych stavov

Princip metody

Ako uZ bolo spomenuté, hodnoty parametrov nahradnej
schémy asynchronneho stroja ziskané vypo¢tom z merania jedno-
smernym prudom, merania nakratko a naprazdno, nezodpovedaju
aktualnym hodnotam parametrov pocas prevadzky stroja. Pokial
chceme ziskat presné hodnoty parametrov, musime hodnoty
ziskané z klasickych merani optimalizovat tak, aby zodpovedali o
najpresnejsie stavu, ktory reprezentuju, ¢iZze urobit on-line identifi-
kaciu parametrov. VSeobecne su zname tri hlavné pristupy identifi-

Input complex impedance of one phase of asynchronous
machine based on the equivalent circuit is given:

ZO.Zr

Zin = RS +jX0's +
Zo+ Z,

(2)

where: Z,, is complex impedance of magnetising branch, given

_ RFe JX

m
(U .
RFe +./Xm

Z, is complex impedance of rotor branch referred to the

’
’

stator, given Z, = — + jX/
s

The input active power of 3 phase induction machine is given
(V is rms value of phase voltage):

p2?
2P RelZ,,} (3)

|in

P=3-

P

Output power of 3 phase induction machine is given:

’ ,2 -5
P=3-R,-I7-———Pm 4)
s
where: s is slip
I’ is the rms value of rotor current referred to the stator
given:
, 4 Zy
I=7—7"|—— (35)
z,| 1z,+2z
P,, is mechanical loss assumed as 1% of input active power.

To improve the accuracy of the efficiency calculation, the
adaptation (optimization) of machine parameters during its
operation is needed.

3. Optimization of induction machine equivalent circuit
parameters during its steady state operation

Principle of the method

As mentioned above, the values of parameters of an induction
machine equivalent circuit calculated from the results of the
classical tests, such as D.C. test, locked rotor and no load test, do
not correspond to the actual values during the machine operation.
Therefore, these values have to be optimized if the accurate values
of parameters are needed. Three main approaches for the
parameters identification are generally known. First, one employs
a testing signal and the transfer function is calculated based on the
known input testing signal and a measured output signal. The

6 © KOMUNIKACIE / COMMUNICATIONS 3/99



kacie parametrov. Prvy pristup vyuZiva testovacie signaly, priom
pri znamom vstupnom testovacom signale a zosnimanej odozve
systému je vyhodnocovana jeho prenosova funkcia. Druhy pristup
vyuZiva moznosti vySetrovania pridavnych oscilacii, ziskanych
zamerne zaradenou nelinearitou. Tento pristup nemoze byt vyuzity
pre on-line identifikaciu, pretoZe moze ovplyvnit prevadzku stroja.
Treti pristup je zaloZeny na vySetrovani chyb medzi vystupom
systému a vystupom jeho modelu. Tento sposob je najrozsirenejsi
a je znamy ako adaptivny systém s referencnym modelom (ASRM).
ASRM je pouZity v tejto praci pre optimalizaciu hodndt paramet-
rov asynchronneho stroja, ziskanych z klasickych merani.

Zakladny princip ASRM je zrejmy z obr. 2. Pri rovnakych
vstupnych podmienkach su porovnavané chyby medzi vystupom
systému a vystupom jeho modelu
a pomocou identifikacnej metody su
tieto chyby minimalizované.

Dalsie tlohy, ktoré musia byt vyrie- Input
Sené je vyber vhodného modelu asyn- — |
chréonneho stroja a vytvorenie identi-
fikatnej metody. Tymito otazkami sa
zaoberaju nasledujuce podkapitoly.

Je potrebné poznamenat, ze
pokial pri minimalizacii funkcie, ktora
upravuje parametre systému, vycha-
dzame z pripustného rieSenia, vtedy
hovorime o optimalizacii. V tomto
zmysle bude tento vyraz pouzity aj
v dalSom texte.

Ustaleny model asynchrénneho stroja pouzity pri optimalizdcii
jeho parametrov

Problémom modelu asynchréonneho stroja pouzitého v opti-
malizacii jeho parametrov sa zaoberali predchadzajuce prace
autorov [3], [4]. V tychto pracach bolo ukazané, ze len uplna
nahradna schéma asynchronneho stroja moze byt pouzita pri opti-
malizacii jeho parametrov. Tato nahradna schéma je velmi dobre
znama z klasickej tedrie elektrickych strojov a je znazornena na
obr. 1.

Ako uz bolo spomenuté, ASRM pracuje na zéklade porovna-
nia vystupov systému a vystupov jeho modelu. Ktoré vystupné veli-
¢iny mozu byt porovnavané zavisi od moznosti ich merania
v realnom systéme a od moznosti ich vypoctu pomocou modelu. Je
potrebné poznamenat, ze vystupy, ktoré sa maju porovnavat, musia
obsahovat bohaté informacie o zmenach parametrov. Vektorovy
wattmeter umoziuje meraf vstupny prud, ucinnik, ¢inny a jalovy
prikon pocas ustalenej prevadzky stroja. Rovnaké veli¢iny mozu
byt pocitané pomocou nahradnej schémy na obr. 1:

Real y
system

Obr. 2 Principidalna schéma adaptivneho systému
s referencnym modelom
Fig. 2 Principal scheme of the Model Reference Adaptive System
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second approach utilises investigation of an oscillation gained by
an intentional non-linearity. This approach cannot be used in the
on-line identification because it can affect the current operation of
the machine. The third approach investigates an error between the
output of a system and its model. This kind of identification is
widely used and is known as Model Reference Adaptive System
(MRAS). MRAS is used in this work for the optimization of
induction machine parameters obtained by means of the standard
tests.

The basic principle of MRAS can be seen from Fig.2. Outputs
of the system and its model under similar input conditions are
compared and the identification procedure works in such way that
the differences between system and its model outputs are forced
to minimum.

Objective
function

Identification
method

The next tasks which have
to be solved are the choosing
of the appropriate model of
induction machine and the
creation of the identification
procedure. The next chapters
deal with these tasks.

It should be noted that if
minimization of some func-
tion which improves parame-
ters of the system starts from
one feasible solution, it is
called optimization. In this
sense, this expression will be
used in the further text.

Steady state model of an induction machine used in the
optimization of its parameters

A problem of a steady state model of induction machine used
in the identification procedure was solved in the recent papers of
authors [3], [4]. It has been found out that only a complete equi-
valent circuit of the induction machine can be used in the optimi-
zation procedure, described below, to get appropriate results. Fig. 1
shows the complete equivalent circuit of an induction machine,
known very well from the basic theory of the electric machines.

As mentioned above, MRAS works based on the outputs of the
real system and its model. Which output values can be compared
depends on the possibilities of their measurement in the real
system and on the possibilities of the reconstruction of these values
by means of the model of the system. It should be noted that the
outputs which are compared must carry rich information about
parameters changing. The Vector Wattmeter can be used to
measure the values of the input current, power factor, input
active power and input reactive power during steady state operation
of an induction machine. The same values can be calculated by
means of the equivalent circuit of an induction machine shown on
Fig.1.:

V
e statorovy prud: [, = —| (6) 1%
Zin 1 . [
e stator input current: /; 7 | 6)
Re(Z, "
e statorovy ucinnik: cose, = |; "|') (7 Re(Z,)
in e stator power factor: cosg, = Iz "|' @)
KOMUNIKACIE / COMMUNICATIONS 3/99 o 1
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2

e ¢inny prikon: P, = 3 - |Z |2 - Re(Z,,) (8)
VZ

e jalovy prikon: Q,, = 3 - |Z |2 -Im(Z,,) )

in

Minimalizovand funkcia

V predchadzajicom texte sme si priblizili model asynchron-
neho stroja pouzity pri optimalizacii jeho parametrov a vysvetlili
sme si, ktoré veliCiny moOzeme porovnavat. Optimalizacia
vychadza z nejakého pripustného rieSenia a na zaklade minimali-
zacie definovanej funkcie prechadzka k novym, optimalnym hod-
notam parametrov. Funkcia, ktora ma byt minimalizovana, musi
poskytovat jednoznacné rieSenie. Podla matematickej analyzy len
kvadraticka funkcia ma jednozna¢né minimum. V [4] boli pre-
zentované Styri kvadratické funkcie dané Stvorcami absolutnych
rozdielov medzi meranymi a vypocCitanymi veliCinami. V tomto
¢lanku je prezentovana nova funkcia, ktorda ma byt minimalizo-
vana. Je dana sumou Stvorcov relativnych rozdielov medzi vypoci-
tanymi a meranymi veliCinami statorového prudu, ucinnika,
¢inného a jalového prikonu:

I=h+h+h+4

2 P_ﬁyz Q_é 2
o oo

IS - IAS 2 Cos(PY - cosa?
I coS

kde I, cosgs, P,, Q, - merané veliCiny,

AN

1A o cos@s, P,, Q, -vypocitané veliciny.

Rovnica (10) je dana suctom Styroch kvadratickych funkcii
a preto ma tato funkcia okrem globalneho minima aj lokalne
minima. Ako najst prave globalne minimum funkcie f’je popisané
nizsie. Na zaklade skusenosti je mozné odporucat, Ze pre optima-
lizaciu parametrov asynchronneho stroja je nutné pouZzit o naj-
VACSi pocet velicin.

Funkcia (10) je nelinearna vzhladom na parametre stroja,
preto moéZeme na jej minimalizaciu s vyhodou vyuzit nelinearne
programovanie.

Nelinedrne programovanie

Zakladnym pojmom ¢i uz v linearnom alebo nelinearnom
programovani je ucelova funkcia. Je to funkcia, ktorej extrém sa
snazime najst. V nasom pripade ide o minimalizaciu funkcie f,
dant rovnicou (10), ktorou najdeme optimalne hodnoty elektric-
kych parametrov asynchréonneho stroja.

Dalsim, velmi dolezitym pojmom je gradient Géelovej funk-
cie f”. Je to stipcovy vektor prvych derivécii ucelovej funkcie podla
parametrov v bode x a tento gradient ukazuje smer maximalneho
narastu hodnoty ucelovej funkcie v bode x. Antigradient potom
predstavuje smer maximalneho poklesu hodnoty tcelovej funkcie
v bode x.

2

e input active power: P,, = 3 - |Z |2 + Re(Z,,) (8)
V2

e input reactive power: 0;, = 3 - W -Im(Z,,) 9)

Minimized function

The model of induction machine used in optimization
procedure was described in the previous chapter. It explained
which values of induction machine and its model can be
compared. Optimization starts from one feasible solution and
calculates new values of the parameters based on the minimization
of a defined function. A function which has to be minimized must
be found to get a uniform solution. Mathematical analysis says that
only quadratic function has uniform minimum. In [4] four
quadratic functions given as the square absolute difference
between measured and calculated values were presented. In this
paper, a new function which has to be minimized is presented. It is
given by the sum of the square relative differences between
measured and calculated values of the stator current, power factor,
input active power and input reactive power:

(10)

where [, coso,, P,, Q, - measured values,

A

1., cos, P,, Q, -calculated values.

From (10) it can be seen that it is the sum of four quadratic
functions, so it has not only an absolute minimum but it has
a local minimum, too. How to find an absolute minimum of the
function f7is described below. It was found out that as many values
as possible have to be used for parameters of induction machine
optimization.

Function (10) is not linear in regard to the machine
parameters. This function can be minimized by using the non-
linear programming.

Non-linear programming

A basic term in the linear or in the non-linear programming is
an objective function. It is the function by which an extreme has
to be found. In this case, the objective function f, given by (10) has
to be minimized to find the optimal values of the electric
parameters of an induction machine.

The next very important term is a gradient of the objective
function f’. The gradient of the objective function is the
column’s vector of the first derivatives objective function by
parameters in point x and this gradient shows the direction of the
maximum grow of the objective function in the point x. The
antigradient thereby represents the direction of the objective
function maximum drop in point x.

8 ¢ KOMUNIKACIE / COMMUNICATIONS 3/99



V tomto pripade bola pre optimalizaciu parametrov asyn-
chronneho stroja, ziskanych vypoctom z klasickych merani,
pouzita Fletcher-Reevesova metdda, ktora pracuje na zaklade prin-
cipu zdruzenych smerov, spolu s metodou zlatého rezu. Blizsie
informacie o spominanych metodach najdete v [2, 4, 5].

Pokutova funkcia

Spominana metdda nelinearneho programovania je len nume-
rickou metodou a teda okrem globalneho minima mozZe najst aj
lokalne minimum, €o nie je rieSenim nasho problému, pretoze
hodnoty optimalizovanych parametrov mozu byt mimo prijatelnt
oblast. Preto definujeme pokutovu funkciu. Princip spociva
v minimalizcii funkcie f(X,) = f(X,) + P(X,,), kde P je pokutova
funkcia, na otvorenom intervale, namiesto minimalizacie funkcie
f, ktora je definovana na uzavretom intervale U. Pokial hodnoty
optimalizovanych parametrov patria do intervalu U, pokutova
funkcia konverguje k 0 a ak tieto hodnoty nepatria do intervalu U,
tak pokutova funkcia konverguje k . Pokutova funkcia, dana
vztahom (11) bola pouzita pri optimalizacii hodnot parametrov
asynchronneho stroja.

P=
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In this case Fletcher-Reeves method, which works based on
the Principle of Conjugate Gradient, together with the Method of
Gold Section has been used for the induction machine parameters,
obtained by means of the standard tests, optimization. For more
information about these methods see [2, 4, 5]

Penalty function.

The above mentioned method of the non-linear programming
is only a numerical method and it can find a local minimum of the
function f which is not the solution of our problem and values of
parameters can be out of the appropriate ranges. Therefore,
a penalty function must be defined. The principle of this method
consists in minimization of the function f(X,) = f(X,) + P(X,),
where P is the penalty function, on the open interval instead of the
function f defined on the closed interval U. If the optimized values
of parameters Xn are found from the interval U, penalty function
P converges to 0 and if the optimized values of parameters X, are
out of interval U penalty function P converges to . The penalty
function given by (11) was used for optimization of parameters of
an induction machine.

kde oznacuje hodnoty parametrov vypocitané z klasickych
merani

*  oznacuje hodnoty parametrov, optimalizované na
zaklade meranych udajov

je konStanta vyjadrujiica vahu pokutovej funkcie

4. Experimentalne vysledky

Pre overenie opisanej optimalizacie bola urobena zatazova-
cia skuska asynchrénneho stroja, pocas ktorej boli zaznamena-
vané nasledujuce udaje: fazova hodnota statorového prudu,
ucinnik, ¢inny a jalovy prikon a rychlost rotora. Pocas merania
bolo statorové napétie a jeho frekvencia udrziavané na konstan-
tnej hodnote.

Stitkové udaje meraného stroja su:

3f IM 1.8kW 1440 ot/min
Y/A 380/220 V
3.8/6.5 A

a hodnoty jeho elektrickych parametrov, ziskané pomocou klasic-
kych merani, su: R, = 2,01 O; R, = 1,97 O; L, = L, = 11,575 mH,
L,, = 421,55 mH; Ry, = 884,971 Q

Obr. 3 znazornuje priebehy optimalizovanych parametrov
asynchronneho stroja, na zaklade udajov nameranych pocas spo-
minanej zataZovacej skusky. Tieto parametre nie su zavislé od
sklzu stroja, ale sl znazornené v zavislosti od sklzu, pretoze vSetky
veliCiny boli merané v zavislosti od sklzu.

. ﬁs:R; 2+ fe’,:R’: 2+ RFe_—R;, 2+
Rs R’r RFe

X/U' s B X:'S 2 }'UT - X'(jl‘ ’ im - X:n ?
*_ o e +| 2= (11)
X(TS X’G’ T X"Vl

denotes value of parameter obtained by calculation

from the classical tests

* denotes optimized value of parameter based on the
measured data

K is a constant which treats the rate of the penalty function

4. Experimental results

A loading test of an induction motor was carried out. The
phase current, power factor, input active power, input reactive
power and rotor speed were measured during this test under
several loading conditions. The voltage and frequency were held
constant during the whole test.

The ratings of the motor used in the experiment are:

3f IM 1.8kW 1440 ot/min
Y/A 380/220 V
3.8/6.5A

and the values of parameters of its equivalent circuit obtained
from the classical tests are: R, = 2.01 Q; R, =197 O; L, =
=L, = 115715 mH, L,, = 421.55 mH; Ry, = 884.971 ()

Fig. 3 shows the flows of the optimized values of the
parameters of the induction machine obtained from classical test
based on the measured data during the test mentioned above.
These parameters are not dependent on the slip, but values based
on which the optimization of the parameters was performed were
measured as the dependency on the slip.
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Z obr. 3 vidno, Ze R, sa poCas merania zmenilo aZ o 40 %,
oproti R, ktoré sa zmenilo len o 2 %. Reaktancie a odpor repre-
zentujuci straty v Zeleze sa zmenili len o niekol'ko percent 1 - 3 %,
z ¢oho mozZeme predpokladat, Ze boli konStantné pocas celého
merania (iba detailna mierka zobrazuje velké zmeny). Je potrebné
poznamenat, Ze meranie musi byt presné, pretozZe ovplyviiuje pres-
nost opisanej metddy. Pocas celej optimalizacie bola ucelova
funkcia spolu s pokutovou funkciou minimalizovana na hodnotu
priblizne 10 - 107 a relativne rozdiely medzi meranymi a vypoci-
tanymi hodnotami velicin boli 102 - 10 %. Z uvedeného moZeme
predpokladat, Ze navrhovany algoritmus optimalizacie hodnot
parametrov asynchronneho stroja, ziskanych z klasickych merani,
na zaklade udajov meranych pocas ustdleného chodu stroja, je
dobre navrhnuty a Ze ziskané vysledky su uspokojivé

2.7
2.5
4
2.3
2.1
1.9

Rs,R'r

1.7
1.5
Q.@‘é\ Q.Q’»Q(\ Q.Q\%QQ‘Q\*Q.Q\”QQ@%\ Q.QQC;’J Q-Q@i\
slip
885.30
885.25 1+ {
885.20 1
£ 88515 |
885.10 4
885.05 1
885.00 +—+—+—+——+——+—+—+—+—+—+—
Q.QWG\Q.WS\Q.Q\%Q .\‘:ﬁ’ .QWQQ.QQ%“Q.@”’@@?
slip

From Fig.3 it can be seen, that R, changed rapidly by about
40 %, different from the R, that changed only by about 2 % during
the test. The reactances and resistance corresponding to the core
losses changed only only 1-3 % and can be supposed to be constant
during the whole measurement (only detailed scale shows large
variation). It should be noted that the method described needs very
accurate values of measured quantities because of the errors
occurring during the identification. During whole optimization, the
objective function f together with the penalty function P were
minimized to approximately 10 - 10”7 and relative differences for
each measured value are about 102 - 10* %. It can be supposed that
proposed algorithm of optimization of the induction machine
parameters obtained from the classical test based on the measured
data during a steady state operation of the machine is well designed
and the gained results are very satisfactory.

XGS’ X'cr

Xm

Obr. 3 Priebehy optimalizovanych parametrov pocas zataZovacej skiisky
Fig. 3 The optimized parameter flows during the loading test

Utinnost

Uéinnost, ako jeden z kvalitativnych ukazovatelov prevadzky
stroja, moze byf vySetrovana na zaklade nahradnej schémy
asynchronneho stroja s optimalizovanymi hodnotami elektrickych
parametrov. Navrhovana metoda modze byt overend presnejSim
urCovanim ucinnosti na zaklade merania otaCok a momentu
stroja.

Pre porovnanie bola u¢innost stroja pocas zatazovacej skusky
urCovana tromi metodami. Po prvé bola ucinnost urCena na

Efficiency

Based on the optimized values of parameters obtained from
the standard tests during a steady state operation of the machine,
the efficiency of the machine operation can be investigated. If the
efficiency is precisely calculated by means of the speed and torque
measurement, it can be used for the verification of the proposed
method for the parameters identification.

Efficiency of the motor during the test was calculated based
on the three methods for comparison. At first the efficiency was

1) © KOMUNIKACIE / COMMUNICATIONS 3/99
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zaklade meraného prikonu, otdiCok a momentu stroja (obr. 4 - | calculated based on the measured torque by means of
krivka ,a“). Druhy pristup spocival vo vypoCte ucinnosti na | dynamometer, speed and input power (Fig. 4 - curve “a®). In the
zaklade nahradnej schémy asynchronneho stroja s konstantnymi | second method, efficiency was calculated by means of the steady
hodnotami parametrov, urenymi z klasickych merani (obr. 4 - | state equivalent circuit of induction machine with fixed
krivka ,b“). A krivka ,,c“ na obr. 4 znazornuje vysledok treticho | parameters calculated from classical tests (Fig.4 - curve “b®). The
pristupu, kedy bola ucinnostf urovana na zadklade nahradnej | third method - curve “c“ on Fig.4, represents efficiency
schémy asynchronneho s troja s optimalizovanymi hodnotami | dependence determined by means of the adapted (optimized)
parametrov pocas zatazovacej skusky. Z obr. 4 mozeme vidiet, ze | values of parameters during the loading test. From Fig.4 it can be
ucinnost stroja uréena pomocou nahradnej schémy s optimalizo- | seen that the efficiency calculated from adapted induction
vanymi hodnotami parametrov sa lepSie priblizuje uCinnosti | machine’s equivalent circuit parameters better fits the measured
urcenej na zaklade meranej hodnoty otaCok a momentu, rozdiel | efficiency (by means of dynamometer) of the motor and the
podla integralneho kritéria je 0,2 %, nez ucinnost urena na | difference according to the integral criteria is 0.2 % instead of the
zaklade nahradnej schémy s pevnymi hodnotami parametrov, 1 % obtained by means of the equivalent circuit with fixed
rozdiel podla integralneho kritéria je 1 %. parameters.

90

85

80 T

75 1

70 +
—O—curve "a"

—+curve "b"
—A— curve "'¢"

65 T

Efficiency

60 1

55 1

50 +

45 +

40 1 1 1 1 1
0.000 0.005 0.010 0.015 0.020 0.025 0.030

Slip

Obr. 4 Zavislost ucinnosti od skizu
Fig.4 Efficiency versus slip

5. Zaver 5. Conclusion

Clanok sa zaobera uréovanim uéinnosti asynchronneho The paper deals with the determination of the efficiency of
stroja na zaklade jeho uplnej nahradnej schémy. Hodnoty para- | induction machine based on its complete steady state equivalent
metrov nahradnej schémy, ziskané z vysledkov klasickych | circuit. The values of equivalent circuit parameters obtained by
merani, su optimalizované na zaklade hodnot meranych poCas | means of standard tests were optimized based on the measured data
ustalenej prevadzky stroja, Co zvySuje presnost vypoc¢tu ucinnosti | during a steady state operation of the machine which results in
stroja. Optimalizacia sa vykonala na zaklade minimalizacie uce- | increasing of efficiency calculation preciseness. Optimization has
lovej a pokutovej funkcie danych vztahmi (10) a (11), pomocou | worked based on the minimization of the objective function
metod nelinearneho programovania. V zavere su uvedené | together with the penalty function given by (10) and (11) by using
vysledky experimentov, ktoré potvrdzuju vhodnost pouzitia zvo- | the non-linear programming. The experimental results shown in the
leného pristupu. end of the paper confirm the suitability of the presented approach.

Recenzenti: L. Klug, B. Dobrucky Reviewed by: L. Klug, B. Dobrucky
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BEZSNIMACOVE RIADENIE POHONU SO SYNCHRONNYM
MOTOROM S VNUTENOU DYNAMIKOU

SENSORLESS CONTROL OF SYNCHRONOUS MOTOR

DRIVE WITH FORCED DYNAMICS

V ¢lanku je prezentovand metéda riadenia elektrickych pohonov
so synchronnymi motormi a s vniitenou dynamikou. Predpisand
odozva na referencnii Ziadanii rychlost moze byt volend ako priama
akcelerdcia, alebo ako odozva na skokovii zmenu vstupného signalu
pre systém prvého, alebo druhého radu. Spolu s tymto predpokladom
Jje dodrzand podmienka pre vektorové riadenie a to, Ze uhol medzi vek-
torom statorového priidu a vektorom magnetického toku bude pri-
blizne rovny 90°. Riadiaci systém pozostdva taktieZ zo sustavy dvoch
pozorovatelov pre odhad rychlosti rotora a momentu zdtaZe na hria-
deli motora. Experimentdlne vysledky pre vsetky tri spominane odozvy,
ktoré boli experimentdlne overené vykazujii velmi dobrii zhodu s teo-
retickymi predpokladmi. Takto navrhnuty riadiaci systém je vhodny
pre vyuZitie v aplikdcidch vyZadujiicich strednii triedu presnosti.

1. Uvod

Prezentovany sposob riadenia elektrickych pohonov pracuje
bez snimacov na hriadeli motora, priCom su merané len statorové
prudy a statorové napdtie je vypocCitavané zo spinacieho stavu pri
znamom napiti jednosmerného medziobvodu. Riadiaci algorit-
mus (CL) moze pracovat v jednom s nasledujucich modov, ktoré
su dané poziadavkami aplikacie.

a) Priama akceleracia, v tomto méde elektricky pohon akcele-
ruje s uhlovym zrychlenim, ktoré sleduje Ziadané zrychlenie

s minimalnym oneskorenim
b) Odozva prvého radu, kde sa pohon chova ako linearny systém

prvého radu s predpisanou ¢asovou konStantou.
¢) Odozva druhého radu, kde pohon akceleruje so zrychlenim,

ktorého priebeh odpoveda odozve systému popisaného cha-
rakteristickou rovnicou druhého radu.

Blokova schéma riadiaceho systému je zobrazena na obr. 1.
Obsahuje podradent prudovu riadiacu slu¢ku a nadradentu rych-
lostnu slucku. Podradena slucka udrzuje v motore trojfazovy sta-
torovy prud, ktory sleduje Ziadané hodnoty prudov predpisanych
nadradenym riadiacim algoritmom. To umoznuje, aby sme pova-
Zovali synchronny motor za nelinearnu viacpremennu sustavu,
v ktorej st riadiacimi velicinami dve zlozky vektora statorového

* Prof. Ing. Jan Vittek, PhD., Ing. Slavomir Seman, Ing. Daniel Vaiko

A control method for electric drives employing synchronous motors
with forced closed-loop dynamics is presented. The prescribed response
to the reference speed demand can be chosen as direct acceleration
control, linear first order and second order speed response. In addition
to this, the angle between the stator current and magnetic flux vectors
can be mutually maintained perpendicular. The drive control system
also contains a set of two observers for estimation of rotor speed and
the load torque. The experimental results obtained for direct
acceleration, first order dynamic and second order dynamic indicate
good agreement with the theoretical. The control system, as developed
to date, would be suited very well to applications requiring control to
a moderate accuracy.

1. Introduction

A new approach has been taken to the control of synchronous
motor (SM) based electric drives. The system operates without
shaft sensors. Only the stator currents are measured, the applied
stator voltages are determined by the computed inverter switching
algorithm with a knowledge of the dc link voltage. The result is
a control law (CL) which may be operated in any one of the
following modes according to the application:

a) Direct acceleration control, where the drive produces a rotor
shaft angular acceleration following a demanded acceleration
with negligible dynamic lag.

b) Linear first order speed response, where the drive behaves as
a first order linear system with prescribed time constant, for
use as an element in control applications.

¢) Second order speed response, where the drive acceleration is
prescribed with the second order characteristic equation.

The drive control system has a nested loop structure, shown
in Figure 1, comprising an inner current control loop and an outer
control. The inner control loop forces the three-phase stator
currents to follow their demands with negligible lag. This enables
the SM to be treated as a non-linear multivariable plant in which
the control variables are the two stator current vector components
and the controlled variable is the rotor speed. Since there are two

Department of Electric Traction and Energetic, University of Zilina, Velky diel, 010 26 Zilina, Slovak Republic;
Phone/fax: + 421-89-5254963, e-mail: vittek@fel.utc.sk, slavo@kete.utc.sk, vanko@kete.utc.sk
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prudu a riadenou veli¢inou je uhlova rychlost. V tomto pripade st
riadiace veliCiny volené tak, aby bol dodrzany pravy uhol medzi
vektorom magnetického toku a vektorom statorového prudu, ako
je to u vektorového riadenia.

Ako uz bolo spominané meriame iba statorové prudy.
Magneticky tok a uhlova rychlost su odhadované pozorovatelmi,
k ¢omu je potrebné poznat okrem prudov aj statorové napitie,
ktoré je pocCitané zo spinacich stavov. Algoritmus pozorovatela
zatazového momentu je zaloZeny na mechanickej rovnici motora
a vyuziva sa v nadradenej riadiacej slucke. Vstupom tohto pozo-
rovatela je vystup pozorovatela uhlovej rychlosti, statorové prudy,
a vypocitané zlozky statorového napétia.

control variables and one controlled variable, there is one degree
of freedom to optimise the performance of the whole system as
the vector controlled. In this case, the control variables are chosen
to maintain the stator current vector and the magnetic flux vector
at right angles, as in conventional vector control.

Since the only measurement variables are the stator currents,
a rotor speed estimator is employed which requires just these
measurements together with the known stator voltages. An
observer whose real time model is based on the motor mechanical
equation produces a load torque estimate required by the outer
loop control law. This observer requires the output of the speed
estimator, the measured stator current components, and the
known stator voltage components as inputs.

® .
rd Master | iy dem Transf. 'a—°'i“‘>
control | da/a,f | iy dem SIatveI POWER
Iq dem =1 contro
law q_‘d> and ic dem law > electronics
oypla,b,c -
AAAA
A - .
i, i
d 1 K N g
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C »| two phase »1 abc/a, B
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- calculator Iq
c/o\r qu yYagta la {1q
iy V.
<— d_ekv
_ - -
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velocity Vg ekv Observer
4/\— Extractor |«
ES
Q]

Obr. 1 Celkovd blokovd schéma pohonu so synchronnym motorom s vatitenou dynamikou
Fig. 1 Overall control system block diagram for SM drive with forced dynamics

2. Navrh riadiaceho algoritmu

Z dovodu zjednodusSenia je riadiaci systém usporiadany do
hierarchickej struktary [1], kde su Ziadané statorové prudy gene-
rované ako primarne riadiace veli¢iny nadradenym riadiacim algo-
ritmom, a na ich zaklade su podradenym riadiacim algoritmom
generované skutoc¢né riadiace veli€iny - statorové napdtia polovo-
di¢ovym vykonovym systémom.

Model synchronneho motora (SM)

Model SM je formulovany v d, q sustave orientovanej na
rotor. Pri transformadcii z ¢asovo premennej sustavy «, 8 do d,
q sustavy orientovanej na rotor je pouZity dvojfazovy oscilator [2],
produkujuci elementy sin(wt) a cos(wt) ktoré si potrebné k tejto
transformacii.

2. The Control Law (CL) Development

In the interests of simplification, the control system is
arranged in a hierarchical structure [ 1] in which the stator current
demands are generated as primary control variables by a master
CL, to be followed closely by a slave CL using the true control
variables - the stator voltages.

Model of Synchronous Motor

The SM model is formulated in the rotorfixed (d, q) co-
ordinate system. The time varying co-ordinate transformation is
realised by means of a two-phase oscillator [2], whose state
variables are automatically the time varying elements, sin(wt) and
cos(wt):
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Nadradeny riadiaci algoritmus

Nadradeny riadiaci algoritmus v uzavretej slucke bol formulo-

vany prepisanim rovnic definujucich spravanie systému, a to
nasledovne:

w, = acc, 4)
Y'Is=10 Q)

kde acc, je Ziadané uhlové zrychlenie. Tri opera¢né mody su rea-
lizované pouzitim troch réznych diferencialnych rovnic pre defi-
novanie accd. Rovnica (5) je rovnaka pre vSetky operacné mody
a je iba vyjadrenim zakladnej podmienky pre vektorové riadenie.
Rovnica vyjadrujica uhlové zrychlenie ad je dana pre kazdy ope-
racny mod zvlast, pricom prva ¢ast nadradeného riadiaceho algo-
ritmu vychadza z rovnic (2), (4) a spolu s podmienkou (5)
dostavame kompletny predpis riadiaceho algoritmu.

3
den = J*accd = {2p [l!/diq - l!/q[d] - FL} (6)
Barig+ W, i,=b, b= |uyllLs|cos(y)=0 7

Rovnica (7) je vo vSeobecnom tvare, kde b = | 1//| |IS | cos(7y)
a vy je uhol medzi vektorom statorového pridu a vektorom rotoro-
vého toku . Za predpokladu Ze I = Igy,, a nahradenim T'; jeho
odhadovanou hodnotou, z I'; pozorovatela zatazového momentu
dostavame kompletny riadiaci algoritmus pre vSetky opera¢né mody:

f
. 1 ¥ “
Lidem = m |:‘/’d b — Tq(rdyn + FL):|
< ,
. 1 ¥ S
lydem = W |:¢’d b+ ?_d(rdyn + 1-‘L)i|
.

Predpis uhlového zrychlenia a dynamického momentu

pre konstantné zrychlenie pre priamu akceleraciu

V tomto pripade je Ziadana akceleracia urena ziadanou uh-
lovou rychlostou w,(f) a poZadovanou dobou rozbehu ako je to
vyjadrené v rovnici (9). Dynamicky moment je ureny rovnicou
(10)

di, —Rs N v+ 1

—=— ®, — —u

a L, P T

di 1 y Rg N 1 (1ab)

% _ _ s _ a,
a T

do, 1 13 ) )

dr = 7[Fel -I;l= 7 51’ [y — bgial — r, (2)
P _ Ly 0 |ia + | Prm 3)
¥, 0 L, Iq 0

The Master Control Law

The control algorithm is formulated by first writing down the
equations defining the desired closed-loop performance as
follows:

®, = acc, 4
¥l =0 (%)

where acc, is the demanded output angular acceleration. The
three operational modes are realised by means of three differential
equations for accd. Equation (5) is the same for all three
operational modes and is merely a statement of the basic
condition of vector control. Before the operational mode
equations for ad are given, a general CL will be derived on the
comparison of equations (2) and (4) and completing by condition

(5):

3
den = J*accd = {217 [d/diq - ll/qid] - FL} (6)
Yy iyt i,=b, b:|¢f||ls|cos(y):0 @)

Equation (7) is in a general form where b = | 1p| |IS | cos(y)
and vy is the angle between the two vectors. Thus, assuming
I = I, and replacing I'; with its estimate, [, from the load
torque observer, the complete control algorithm for all the
operational modes has the form:

kde W] =w2+ w2, c=15.p (8)

The acceleration and dynamic torque

for direct acceleration control

In this case, demanded acceleration is determined by a deman-
ded angular velocity, w,(), and demanded acceleration time, 7 as
described by equation (9). Dynamic torque is then determined by
the signum function for error of angular velocity (10).
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Wy
accy; = 7 %)

Ty = J - acc, - sign(w, — &,) (10)

Predpis uhlového zrychlenia a dynamického momentu

pre dynamiku prvého radu

V tomto pripade, ako to bolo uvedené [4], pozadovana dife-
rencialna rovnica pre uhlovu rychlost rotora je formulovana tak,
aby bola dosiahnuta dynamicka odozva prvého radu pre ziadanu
uhlovu rychlost w,(?) s ¢asovou konstantou T

accd:?(wd— ®,) (11)
(12)

J
den =J acc, = —(0;— &)
T

Predpis uhlového zrychlenia a dynamického momentu

pre dynamiku druhého radu

V tomto pripade pozadovana diferencialna rovnica pre uhlovu
rychlost rotora je formulovana tak, aby bola dosiahnuta dyna-
micka odozva druhého radu podla rovnice (13). Integracny
predpis je pouzity pre ziskanie Ziadaného zrychlenia

b= —20,0+ 0y (0, — &)

Ly,=J"ac, (13)
accy , = accy + [P, (wy — &,) - 2éw,acc,) - h

accy — accy , (14)

V pripade, Ze je Cas ustalenia predpisany zjednodusenym
vztahom, je mozné urit w,,, tak, aby odozva Ziadanej uhlovej
rychlosti w,(t) odpovedala predpisanej dobe ustalenia 7,

Podradeny riadiaci algoritmus

Riadenie podradenej sustavy je realizované nizsie uvedenymi
rovnicami spolu s potrebnymi transformaciami. Podradeny riadia-
ci algoritmus je zaloZeny na principe kizavého riadenia [3]

Us = Umax Sig”[lsd - Id] (15)
. Al+1L,x=0
sign(x) ={_1 x<0 (16)

To umoziiuje pracovat v kizavom reZime s vysokou rychlostou
prepinania riadiacej velic¢iny tak, aby sme udrzali [, = I, to je
v§ak mozné len v idealnom pripade, kedy je spinacia frekvencia
neobmedzena. V skutocnosti je vSak spinacia frekvencia obmedze-
na a digitalny procesor nastavi hodnotu spinacej frekvencie tak,
aby neprekrocila povolenu spinaciu frekvenciu pouzitych spina-
cich prvkov. Takyto podradeny riadiaci systém pracuje s relativne
nizkou spinacou frekvenciou tak, ako je to u hysterézneho regula-
tora.

- ©)
acc; = —
4T
Ly, =J"acc,  sign(w, — @,) (10)

The acceleration and dynamic torque for first order dynamic

In this case, as it was already described in [4], the desired
closed-loop differential equation for the rotor speed is chosen to
yield a first order dynamic response to a demanded angular
velocity, w,(¢), with a time constant, T;.

1
accd:?(wd— @,) (11)

J
Ly =J - acc, = ?(wd - @) (12)
1

The acceleration and dynamic torque

for second order dynamic

In this case, the desired closed-loop differential equation for
the rotor speed is chosen to yield a second order dynamic
response done by equation (13). An integration formula is used to
gain the demanded acceleration as:

&= —26w,0+ 0y (0, — @)

Ly, =J"ac, (13)
accy , = accy + [0 (0, — &) - 2éw,acc,) - h

acey _ acey , (14)

When the settling time is determined from this simplified
formula it is possible to determine w,,, in such a way, that the

response to a demanded angular velocity, w,(f) will be with the
design settling time.

Slave Control Law

The sub-plants to be controlled here are defined by equations
(1) together with the necessary transformations. The slave CL is
a form of sliding mode CL [3]:

Uv = Umax Sign[]sd - Id] (15)
Al+Lx=0
sign(x) —{_1 £ <0 (16)

This is intended to operate in the sliding mode with rapidly
switching control variables which ideally maintains /,;, = I, with
an infinite switching frequency. In practice, the switching
frequency is finite and is limited by the digital processor
according to the allowed switching frequency of the particular
semiconductor elements being used. Thus, the slave CL maintains
a relatively low limit cycle and the function is the same as
hysteresis controller.
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3. Odhad a filtracia stavovych premennych

Pozorovatel pracujici v pseudokizavom rezime

a extraktor uhlovej rychlosti

Magneticky tok SM s permanentnymi magnetmi je pocitany
zo znamych parametrov v sulade s rovnicou (3). Zakladom tohto
pozorovatela pracujuceho v pseudokizavom rezime su rovnice pre
zlozky statorového prudu transformované do d, q sustavy ako
model pocitany v realnom Case so zamerne vynechanymi vztahmi
obsahujucimi w,.

1 0
S P RO (an
dt| g _ u, Veg q

0 L,
Veg = = Vinay SENLT* — 1] (18)

kde v, 4 av,, , si korekcie modelu, i; a iy su odhady skutocnych
velicin i, a i,, ako je to u konvencnych pozorovatelov. Vystupmi
tohto pozorovatela su nasledovné ekvivalentné hodnoty [3],

veli¢in prepinanych s vysokou frekvenciou.

S
Vega | _ Ig = 1lg
- Kwn s P %
h 1, —1
Veq q 9 g

= L‘Ivt’tll'l — Rsiq (20)
P (Lyiy+ opy)

(19)

r

Ekvivalentné hodnoty nemozeme ziskaf priamo pouzitim
rovnice (18). Pseudokizavy pozorovatel je vytvoreny tak [4], [5],
Ze signum funkcia je nahradend vysokym zosilnenim K, (19).
Nefiltrovana odhadovana uhlova rychlost moéze byt ziskana
pomocou rovnice (20).

Pozorovatel' zatazového momentu

a filtracny pozorovatel' uhlovej rychlosti

Odhad zafazového momentu je realizovany pomocou
bezného pozorovatela. Model, ktory je zaloZeny na momentovej
rovnici motora (2).

- w,

e=aoF—d

.13 .

w, = — 7[%1 i — Ly + ke,
e

ﬁ=hw Q@

ko = 2J|T;, ko = JIT} (22)

Zafazovy moment je povazovany za stavovlil premennu.
Princip tohto pozorovatela spociva v tom, Ze v kazdom kroku je
porovnavana odchylka medzi odhadom uhlovej rychlosti a filtro-
vanou hodnotou tohto odhadu, ktoru privadzame z vystupu.
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3. State Estimation and Filtering

The Pseudo Sliding Mode Observer and Angular Velocity

Extractor

The magnetic flux of a permanent magnet SM is calculated
from the known parameters according to equation (3). The basic
stator current vector pseudo sliding-mode observer is based on
equations (la, b) as a real time model but purposely omitting terms
containing ,:

10
NET S
LR . ] | e (17)
dt | g i u, Veq q
0 L,
Vog = = Ve SEALT* = 1] (18)

where v,, , and, v,, ,, are the model corrections, i and iy, are
estimates of id and iq, as in conventional observers. The useful
observer outputs here, however, are the continuous equivalent
values [3], (i.e., the short term mean values) of the rapidly
switching variables:

ig—if
Veq d =K - d— 'd
y sm l — l'*
eq q q q

_ Ly, ,— Ri,

q-eq49

P (Lyiy+ opy)

(19)

(20)

'

Equation (18) cannot directly generate the equivalent values.
Instead, pseudo-sliding-mode observers may be formed (described
in [4] and [5]) by replacing the signum functions by high gain K,
(19). An unfiltered angular velocity estimate, ¥, can be extracted
from equation (20).

Torque Estimation and Rotor

Speed Estimate Filtering

The load torque estimate is provided here by a standard
observer, the real time model of which is based on motor torque
equation (2):

) Vr
w,

\IH

0,
/4 R .
{7 (baiy — Wyial — FL} + ke,
kre,, (21)

ko = 2T, ko = JIT} (22)

The load torque is treated as a state variable. The observer
correction loop is actuated by the error between the rotor speed
estimate, @}, from the angular velocity extractor of the previous
section and the estimate, @,, from the real time model.
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Tento pozorovatel poskytuje na vystupe filtrovanu, odhadovanu
uhlovu rychlost a zataZzovy moment.

4. Experimentalne vysledky

Parametre synchronneho motora s permanentnymi magnetmi
a pouZzité zariadenia pre zostavenie fyzikalneho modelu su
uvedené v dodatku. Riadiaci algoritmus bol realizovany pouzitim
PC Pentium P166, ktorého stucastou bola meracia karta PC Lab
Card PCL 814. Statorovy prud bol merany pomocou LEM sni-
macov. Pri riadeni bola dosiahnuta vzorkovacia frekvencia 20 kHz
pre vSetky uvedené dynamiky.
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4. Experimental Results

The parameters of the permanent magnet SM and ancillary
devices used for experiments are listed in the Appendix. The CL
was implemented via a Pentium computer PC166, the stator
currents being measured through LEM transformers and
evaluated using a PC Lab Card PCL 814 built into the PC. The
sampling frequency achieved for control was 20 kHz for all three
previously described dynamics.
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Obr. 2 Experimentdlne vysledky pre SM riadeny s priamou akcelerdciou
pri rozbehu kde wg,,, = 20 rad/s a w,,,, =40 rad/s s T,= 0,1 a 0,2 s.
Figure 2. Experimental results for SM controlled in direct acceleration mode when
Wyory = 20 rad/s and wy,,,, = 40 rad/s with T, = 0.1 and 0.2 s.

Experimentalne vysledky pre elektricky pohon riadeny v mode
s priamou akceleraciou su prezentované na obrazku 2. Rozsah
uhlovej rychlosti, ktory bol dosiahnuty je w,,, = 20 - 80 rad/s
s predpisanou ¢asovou konstantou predpisujucou dynamiku v roz-
medzi 7,=05 - 0,2 s. Pomocou tohto riadiaceho algoritmu
moZeme predpisat nielen sposob akceleracie pohonu, ale taktiez
Cas, za ktory sa ma uhlova rychlost ustalif na ziadanej hodnote.

The experimental results for the electric drive with the
permanent magnet SM and direct acceleration control are shown
in Figure 2. The range of angular rotor speeds achieved is
Wzem = 20 - 80 rad/s with prescribed time constants 7, = 0.05 -
0.2 s. This control law enables the electric drive user not only
acceleration of drive with ramp but also time for steady state to be
achieved.
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Obr. 3 Experimentdlne vysledky pre SM riadeny s dynamikou prvého rddu pri rozbehu kde
Wyepn = 20 rad/s a wy,, = 80 rad/s s T;= 0,05 a 0,1 s.
Figure 3 Experimental results for SM controlled with first order dynamic when
Wyorm = 20 rad/s and wy,,,, = 80 rad/s with T;= 0.05 and 0.1 s.

Experimentalne vysledky pre elektricky pohon riadeny
v méde s dynamikou prvého radu bez zataze su prezentované na
obrazku 3. Rozsah uhlovej rychlosti, ktory bol dosiahnuty je
Wz, = 20 - 80 rad/s s predpisanou Casovou konstantou predpi-
sujucou dynamiku v rozmedzi 7, = 0,05 a 0,1 s. Pomocou tohto
riadiaceho algoritmu moézZeme predpisat nielen druh dynamiky
(v tomto pripade prvého radu), ale taktiez Cas za ktory sa ma
uhlova rychlost ustalit na Ziadanej hodnote (7).

Predbezné experimentalne vysledky pre synchronny motor
riadeny s dynamikou druhého radu bez zataze su uvedené
na obrazku 4. Rozsah uhlovej rychlosti, ktory bol dosiahnuty je
g, = 20-80 rad/s s predpisanou ¢asovou konStantou predpisu-
jucou dynamiku v rozmedzi 7}, = 0,05 a 0,1 s. Pomocou tohto ria-
diaceho algoritmu je mozné riadit akceleraciu pocas rozbehu
takych elektrickych pohonov, aké su pouzité v aplikaciach pre
Zeriavy a vytahy. V tychto aplikaciach mozeme plne vyuzit vyhody
tohto typu riadenia.

Odozva uhlovej rychlosti s dynamikou druhého radu odpo-
veda funkcii s premenlivym tlmiacim koeficientom pre pretlmeny
& = 2, kriticky timeny & = 1 a podtlmeny & = 0,5 riadiaci systém
ako je to zrejmé z obrazku 5, kde w,,,, = 40 rad/sa T} = 0,1 s.

The experimental results for the idle running permanent
magnet SM and first order dynamic are shown in Figure 3. The
achieved control range of shaft angular speed is w,,,, = 20 - 80
rad/s with prescribed time constant 7} = 0.05 and 0.1 s. This
control law enables the electric drive user to not only prescribe the
first order dynamic till steady state is achieved but also time for
steady state to be achieved can be prescribed.

The preliminary experimental results for the idle running
permanent magnet SM and second order dynamic are shown in
Figure 4. The achieved control range of shaft angular speed is
Wg,,, = 20-80 rad/s with prescribed time constant 7 = 0.05 and
0.1 s. This control law enables controling of acceleration during
starting conditions and is very desirable for such electric drives
such as cranes and lifts which can benefit from this kind of
control.

The second order dynamic speed responses as a function of
various damping factor & for over-damped, &= 2, critically
damped, £ = 1 and under-damped & = 0.5 control system can be
clearly followed from Figure 5, where = 40 rad/s and = 0.1 s.
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Obr. 4 Experimentdlne vysledky pre SM riadeny s dvnamikou druhého radu pri rozbehu kde
Wyery = 20 rad/s a wy,, = 80 rad/s s T;= 0,05 a 0,1 s.
Figure 4 Experimental results for SM controlled with second order dynamic when
Wyorm = 20 rad/s and wg,,, = 80 rad/s with T; = 0.05 and 0.1s.
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Obr. 5 Experimentdlne vysledky pre SM riadeny s dynamikou druhého rddu a roznymi
tlmiacimi koeficientmi, wg,,, =40 [rad/s], T, = 01s é= 21a0,5.
Figure 5 Experimental results for SM controlled with second order dynamic and various damping factor,
Wyorm =40 [rad/s], T, = 0.1 s £ = 2,1 and 0.5.

Vsetky experimenty su prezentované v celom dosiahnutom
rozsahu otacok. Na obrazkoch su ukazané statorové prudy v kom-
plexnej rovine a statorové prudy v zavislosti od ¢asu [priebehy a)
a b)], vypocitany rotorovy tok v komplexnej rovine a rotorovy tok
ako funkcia Casu je na obrazkoch oznaceny ako [c) a d)], odhad

All experiments are shown for the whole achieved speed
range. All figures show complex stator currents and stator
currents as a function of time [subplots a) and b)], computed
complex rotor flux and rotor flux as a function of time [subplots
¢) and d)], observed the speed form pseudo-sliding mode observer
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uhlovej rychlosti ziskany z pseudokizavého pozorovatela a tiez
i z filtraéného pozorovatela uhlovej rychlosti spolu s odhadova-
nym zataZznym momentom f) a skuto¢na rotorova uhlova rychlost
je oznacena ako e).

5. Zaver a odporucanie pre dalsi vyskum

Doterajsi vyskum navrhnutej metody pre riadenie pohonov so
SMPM s vnutenou dynamikou vykazuje dobru zhodu s teoretic-
kymi predpokladmi. Doteraz vSak nebolo overené spravanie
pohonu pri skokovej zmene zatazového momentu na hriadeli
motora. Doposial boli vSetky experimenty vykonané pre pohon so
SMPM bez zataze, avSak dosiahnuté vysledky su povzbudivé a je
velmi pravdepodobné, ze dojde pocas dalSieho vyvoja k dalsiemu
zlepSeniu parametrov pohonu. Nezanedbate[nym faktom je, Ze
vznika odchylka od idealneho chovania, ktora je dana hlavne
nenulovym iteraénym intervalom h, a ¢asovym oneskorenim pri
odhade zafazného momentu na hriadeli motora, ¢o je sposobené
hlavne chybou v urCeni parametrov motora a zataze.

Z vysledkov doterajsieho vyskumu je zrejmé, Ze tento typ ria-
denia je vhodny pre aplikacie vyZadujice bezsnimacové riadenie
otacok so strednou presnostou (= 5 %). Predmetom dalsieho
vyskumu by mala byt metoda pre nastavenie pociatocnej polohy
rotora pri rozbehu.

6. Dodatok

Parametre SM s permanent. magnetmi

Nominalny moment I', =2.3Nm,
menovita rychlost n, = 3000 rpm,
menovity prad I, =3A,
svorkové napitie U, =180V
napitie js. medziobvodu Uy =90V.
Parametre nahradnej schémy SMPM:

indukénost v osi d L, =6.06 mH,
indukénost v osi q L, =5.73mH,
tok permanent. magnetov ®,,,=0.119 Vs,
statorovy odpor R, =26Q,
moment zotrvacnosti J  =0.0035 kgm?
Parametre IGBT - SKiiP 32 NAB 12

Nominalne napétie 1200V
Nominalny prud (80 °C) 32A
Priidovy snima¢ LEM LTA 50P/SPI.
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and observed the speed together with the estimated torque from
the filtering observer - subplot f) and finally the real rotor speed
as subplot e).

5. Conclusions and Recommendations
for Further Research

The preliminary investigations of the proposed new control
method for electric drives employing SMs with forced dynamics
show good agreement with the theoretical predictions. The
arrangement of load torque step demand was not realised yet. In
spite of the experiments presented being achieved with an idle
running SM, the results are encouraging and further improvement
can be achieved. The significant, though not very large, departure
from the ideal performance is due mainly to the non-zero iteration
interval h, and time delay in load torque estimation as well as due
to errors in the motor and load parameter estimation.

The control system as developed to date would be suitable for
applications requiring sensorless speed control to moderate
accuracy (= 5 %). Further research is required to investigate
automatic shaft alignment for start-up conditions.

6. Appendix

Permanent Magnet SM parameters:

Nominal torque ', =23Nm,
nominal speed n, = 3000 rpm,
nominal current I, =3A,
terminal voltage U, =180V.

dc bus voltage U, =90V.
Parameters for equivalent circuit:

Direct inductance: L, =6.06 mH,
quadrature inductance: L, =5.73mH,
permanent magnet flux <Dp,,, = 0.119 Vs,
stator resistance R, =260,
momentum of inertia J  =0.0035 kgm?
Parameters of IGBT - SKiiP 32 NAB 12

Nominal voltage 1200 V
Nominal current (80 °C) 32A
Current sensors LEM LTA 50P/SPL
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MATEMATICKY MODEL DVOCH PARALELNE
SPOJENYCH SYNCHRONNYCH MOTOROV

MATHEMATICAL MODEL OF TWO PARALLEL SYNCHRONOUS MOTORS

Prispevok popisuje matematicky model pohonu, tvoreného dvoma paralelne spojenymi synchronnymi motormi. Okrem vztahov je uvedend
blokovd schéma modelov v prostredi MATLAB a vysledky simulacnych vypoctov pre pripad rozbehu motora priamym pripojenim na siet. Praca
Jje prvou etapou vytvorenia matematického modelu motorov napdjanych z jedného menica kmitoctu priidového typu.

The contribution describes the mathematical model of electrical drive composed of two parallel synchronous motors. Besides the equations
there is mentioned block scheme in MATLAB and simulation results of the starting of two synchronous motors supplied from network.
The next stage of research work will be to create the mathematical model of synchronous motors supplied from one current type frequency

converter.

1. INTRODUCTION

Variable speed drive with HV synchronous motor uses the HV
current type frequency converter with same devices (thyristors)
connected in series.

Studies prove that the real economical output power of these
converters is higher than 3 MW. One of the possibilities to reduce
the price of the drives is to use two or more small motors supplied
by one converter. The experimental measurements showed that
small oscillations could be detected.

The electrical equipment used in this current study consists of
two parallel synchronous machines and one 6 kV current type
frequency converter that operates in Brno, Czech Republic.

More detail studies of the oscillation cause and the methods
for removing these are the subject of PhD thesis.

The results of the first stage of the study are mathematical
models for the simulation of synchronous motors supplied from
main voltage source.

2. THE MATHEMATICAL MODEL OF SALIENT
POLE SYNCHRONOUS MACHINE

Simulating Salient pole synchronous machine, it is acceptable
to make simplified assumptions. These assumptions cause an
algebraization of armature equations and reduce the differential
equation set of the model.

We assumed that the rotor magnetic paths and all of its
electric circuits are symmetrical about both the pole and interpole
axes for a salient-pole machine

* Mgr. Byambaa Sergelen, Prof. Ing. Jiii Pavelka, DrSc., Ing. Petr Tusla

The first assumption is that the stator windings are
sinusoidally distributed along the air gap as far as mutual effects
with the rotor are concerned. This assumption of sinusoidal
distribution of the stator windings may be justified from the
standpoint that in practically all synchronous machines, the
windings are distributed so as to minimise all harmonics as much
as is feasible. The principal justification comes from the
comparison of performance calculated on that basis with actual
performance obtained by test.

The second assumption is that the stator slots cause no app-
reciable variation of any of the rotor inductances with rotor angle.

Let us now assume that the stator is not cylindrical, the
minimum reluctance being along the direct axis and the maximum
reluctance along the quadrature axis. The inductances of the
rotating coils and the mutual inductance between these and the
stationary coils will now be functions of rotor position. We could
expect the mutual inductance between the field winding and the
rotor windings to be a sinusoidal function of angle as synchronous
machines are designed to generate sinusoidal voltages.

After applying the phase and commutator transformations to
the rotor windings as for the cylindrical machine, the situation is
greatly simplified as the equivalent commutator rotor coils are
magnetically stationary and, thus, inductance values are not
functions of rotor position.

The voltage equations using the two phase’s system of coils
orthogonal phase transformation:

Ua=Ra* la + dVa [dt
UB = RB* IB +dVB Jdt

Department of Electrical Drivers and Traction, Faculty of Electrotechnical Engineering, CVUT Praha, Technicka 2, CZ-166 27 Praha 6, Czech Republic,
Phone: +420-2-2435 2149, 2435 2152, 2435 2134 Fax: +420-2-3119 972, e-mail: byamba@feld.cvut.cz, pavelka@feld.cvut.cz, tusla@feld.cvut.cz
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Uf=Rr*If + d¥f/
0=RD*ID+ d¥D /dt
0=RQ*IQ+d¥Q]/dt

The flux equations

Wd =Va* cosy + WS * siny
Vg = —Vasiny + ¥B * cosy

The current equations

la = la
Ib=—-0,5*Ia+ 0,866 * IB
Ie=—0,5Ta —0.866 * IB

la = Id * cosy — Iq * siny

IB = Id * siny + Iq * cosy
Id=VYd*dl +V¥D*d2+Vf*d3
ID =Vqd*d4 + VD *d5+ Vf*dé
If=Vd*dl + VD *d8 + ¥f*d9
Ig =Yg  ql + VQ*q2
10=Yd*¢3+WVQ* g4
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Fig. 1 Matlab model of Salient pole synchronous machine

Where, d1, d2, d3, d4, d5, d6, d7, d8, d9, q1, q2, q3, q4 are
coefficients (more details see [3]). In simulation are used 22
general equations of the Synchronous machine [in per-units] with
26 variables. There are inputs: Ua, UB, Uf, w, outputs: la, Ib, Ic,
1d, Iq, If, Mi and inner variables: I, IB, ID, IQ, vy, 8, Va, ¥ 3, VD,
VQ, Vd, Vd, Vf, Md, Mt which are shown in Fig. 1.
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where
S=(—-w)
Rotating angle

y=Jod+y(0) (8)

Computations have been made when synchronous machine is
supplied by main voltage source.

The chosen computation model has been presented in Fig.1.

3. THE SIMULATION RESULTS OF THE
STARTING OF TWO SYNCHRONOUS
MACHINES

AC machines are supplied with balanced three-phase voltages
and running at a constant speed away from synchronism. This
condition includes the normal steady operation of an induction
motor and is also of considerable importance in analysing the
behaviour of both induction motors and synchronous motors
during starting.
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The analysis is based on Park’s equations and applies directly
to a synchronous machine with a damper winding on each axis in
addition to the field winding.

In order to apply the analysis to the starting operation, it is
necessary to make certain assumptions. The starting of motors is
initiated by switching on the supply when the motor is at rest.

The starting conditions are thus a good deal more
complicated for the synchronous motor than for the induction
motors. It is possible to divide the start into two periods:

1. The exciter voltage in the field circuit is zero during the
running-up period. The field winding is usually closed
through a resistance during this first period and short-
circuited in the field winding. This period is finished after
some time and the motor is operated with a small slip.

2. The synchronising operation either switches in the exciter or,
if the exciter armature has been included in the period
alternator field circuit, switches on the exciter field.

We started two parallel synchronous machines during the
first period.

The starting of a synchronous motor must therefore be
considered in two parts: the running-up period can be dealt with
in the same way as the torque that would be exerted if the motor

S
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Fig. 2 Matlab model of two synchronous machines starting
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ran at a constant speed. Secondly, the solution to the
synchronising problem can only be found by solving the
differential equations.

The calculation assumes that the applied voltage Uf in the
field circuit is not zero. Consequently of it there are additional
currents in the machine, which, by the principle of superposition
could be determined separately by assuming the armature voltage
to be zero. These currents produce a braking torque.

For this reason, synchronous motors are usually started up
with the field unexcited.

The aim of the following mathematical development is,
therefore, to find how the axis currents Id, Ig and flux linkages
Wd, Vg vary as functions of time during the starting.

Using the equation 4 it is possible to determine the
instantaneous torque Mi. In the model for simulation of two
parallel synchronous machines starting two subsystems
“simulink“ as well as 2 synchronous machines are used .

The Matlab model of two parallel synchronous machines
starting and subsystem simulink of the model of starting are shown
in Fig. 2, Fig. 3 and simulation results are presented in Fig. 3 and
Fig. 4.
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4. THE SIMULATION RESULTS
OF SHORT-CIRCUIT

It is necessary to understand the nature of the short-circuit
currents of synchronous machines, particularly for large
machines, in order to apply proper relaying and switchgear and to
evaluate the winding stresses and shaft torque’s incident to short
circuits. In a large power system, there may be considerable
interaction and swinging among the various machines following
a severe system short circuit, and there may be voltage- regulator
action. Short-circuit currents and torque of a salient pole
synchronous machine are presented in Fig. 6.

5. SMALL CHANGES OF PARALLEL
SYNCHRONOUS MACHINES

An important issue to address is when synchronous machines
are paralleled; they are subjected to small oscillations.

When synchronous machines are paralleled it is necessary to
“synchronise“ them before closing the paralleling breaker. This
means that machines must be brought to the same speed, the
same phase position and the same voltage.

When two or more machines are operated in parallel, they are
as if coupled together by elastic coupling just as in the case of
a synchronous motor electrically connected to a generator. They
must run at exactly the same main frequency as long as they are
coupled, but their instantaneous speeds change in some band.

The simulation method can be applied to a small change of
any kind, but in most practical problems the superimposed
change oscillates sinusoidal at a given frequency. A distinction
can be made between forced oscillations and free oscillations.

Forced oscillations occur when there is an externally applied
torque or voltage, such as the low-frequency pulsation set up in
a diesel engine driving a generator which causes all the quantities
in the system to pulsate at the same frequency. The problem is to

KOMNIKOCIe
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determine the values of any mechanical stresses or voltage
fluctuations, which may cause difficulties in operation.

Free oscillations occur without any externally applied
impulse. They arise by a process of self-excitation either in the
machine itself or as a result of closed-loop feedback circuits
around the machine, such as a voltage regulator or a speed
governor. In a completely linear system, which fortunately cannot
exist, the oscillation would rise to infinity.

In a large power system, where many generators and motors
are connected, the problem of stability is of great importance.

It can be studied by deriving the linear equations for small
changes or small oscillations and determining whether or not the
change dies away in time, thus restoring the system to its original
state. Because of the nonlinearity, the coefficients in the linearized
equations are different for every operating point with the result
that the system is stable at some points and unstable at others.

To calculate the behaviour of the system, it is necessary to
imagine a small disturbance and to determine whether the
oscillation is sustained after the disturbance is removed.

The theoretical treatment must first establish the values of all
variables in a basic steady state, in which some of coefficients of
the linearized equations appear.

In the next stage of studies we can use the developed
mathematical model to detail analysis of free oscillations of two
parallel synchronous motors supplied from current type
frequency converter. We can also use the field current control as
the stabiliser for free oscillations.

6. CONCLUSION

We created a mathematical model of two Salient pole
synchronous motors in parallel and we used our model for
simulation of a short circuit and a starting of 2 parallel
synchronous motors with one voltage source supply. The results
of computations confirmed that the model is correct.

The study of Synchronous motors with current source supply
and the cause of oscillation will be done in the next stage of the study.
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Fig. 6 Short-circuit operation
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SIFROVACI SYSTEM ZALOZENY

NA TECHNIKACH KOREKCNYCH KODOV

CIPHERING SYSTEMS BASED ON THE ERROR-CORRECTING

CODING TECHNIQUES

Cldnok poukazuje na moznost pouZitia Sifrovacieho algoritmu
s pouZitim Standardnych kodovacich technik z mnozZiny linedrnych
samoopravnych kodov. Kvalita desifrovacieho algoritmu je uréend pre
Hammingove (n, k) kody. Zdroven je stanovené pre aké dimenzie
Hammingovych (n, k) kodov je uvedeny algoritmus prakticky pouZi-
telny. Uvedeny princip sa dd zovseobecnit aj pre iné typy samooprayv-
nych kodov.

1 UVOD

Komunikacny systém, ako subsystém informacného systému,
predstavuje potencialny ciel aktivnych a pasivnych tutokov na
informacie prenasané medzi jednotlivymi astami informacnych
systémov. Otazka zaistenia bezpecnosti prenasanych informacii je
zvlast vyznamna vo verejnych sietach, ktoré su v tomto smere
povaZované za nedoveryhodné. Ochrana dat pocas prenosu je
preto velmi dolezitym problémom, ktorym sa treba zaoberat.

Bezpecné sluzby podla amerického Standardu ,Trusted
Network Interpretation® su klasifikované do troch skupin [5]:

e komunikacna integrita,
e odmietnutie sluzby,
e ochrana dat pred unikom.

Pracovna verzia pripravovaného telekomunikacného zakona
pre Slovenské telekomunikdcie sa tieZ zaobera problematikou
ochrany informacii, sieti a prostredia (Cast IV, § 26 ,Systém zvySe-
nej miery utajenia a ochrany prenaSanej informacie“). Cielom novej
telekomunikacnej legislativy na Slovensku je dosiahnut uroven tele-
komunikaénych sluzieb poskytovanych Statmi Eurdpskej unie.

Dominantnymi bezpecnostnymi mechanizmami pri zabezpe-
Ceni prenosu dat su kryptografické algoritmy. Moderné Sifrovacie
systémy vyuzivaju obvykle kombinaciu symetrickych a asymetric-
kych algoritmov doplnenych o certifikaty verejnych klucov [6].
Zaujimavou moznostou je pouzitie blokovych samoopravnych
kodov na ucely Sifrovania. Vyhodou tohto rieSenia je existencia
dostupnych komerénych zariadeni a zachovanie prenosovej rych-
losti aj napriek pouZzitiu §ifrovania, ako je tomu pri pouZziti niekto-
rych asymetrickych Sifier.

* Ing. Maria Franekova, PhD., Ing. Peter Nagy

This paper remarks on the possibility of the ciphering algorithm
use based on the standard encoding techniques from the linear error
- correcting coding area. The quality of deciphering algorithms is
determined for (n, k) Hamming codes and the valid code word
lengths are recommended for practical use. The presented principle
can be generalised for another type of the algebraic codes.

1 INTRODUCTION

The communication subsystem as an important part of an
information system is a neglected area for passive and active
attacks against transferred information. Specifically, the public
networks are regarded as non-trusted networks. This is why a solu-
tion for data security problems during transmission plays a very
important role.

The network security services according to USA standard
“Trusted Network Interpretation” are classified into three groups [5]:
o Communications Integrity,

e Denial of Service,
e Compromise Protection.

The draft of paragraph version of New Telecommunication
Law solves the problem of information, networks and intermediate
protection in Slovak Telecommunication, too (the part IV, §26
LSystem of increased rate of secrete and transmitted information
protection®). The aim of the new telecommunication legislation in
Slovakia is to achieve a level of telecommunication services
provided in selected European Union (EU) members.

The dominant security mechanisms for data transmission are
cryptographic algorithms that provide the security service as
confidentiality, authentication and communications integrity. The
modern cryptographic systems use the hybrid combination of
symmetric and asymmetric algorithms with certification of public
key [6]. The use of a block error - correcting coding in ciphering
applications is an interesting possibility. The advantage of this
coding is an availability of commercial coding equipment. The next
advantage is a high code rate with ciphering use.

Department of Information and Safety Systems, Faculty of Electrical Engineering, University of Zilina, Vel'ky diel, SK-010 26 Zilina, Slovak Republic,

Phone +421-89-5133 248, E-mail frane@fel.utc.sk
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Sluzbu dovernosti dat pri prenose podla odporucania ISO
7492-2 Security Architecture mozno poskytnut v druhej, tretej,
Stvrtej, Siestej alebo siedme;j vrstve referenéného modelu OSI [2].
Sifrovanie dat v druhej vrstve referenéného modelu OSI je pouzi-
telné len pre ochranu spojenia typu bod-bod. Vyhodou tejto reali-
zacie je transparentnost dat pre vsetky siefové protokoly
a aplikacie. Priklad komunikacie medzi dvoma koncovymi stani-
cami v sietach s rozhranim typu X.25 je znazorneny schematic-
kym modelom na obr. 1. V dolnej Casti obrazku je znazornené,
ktoré vrstvy modelu OSI sa podielaju na komunikacii v zavislosti
na sledovaného prvku siete.

(E.g. X.25)

Process A

Transmission channel

The confidentiality of data transmission according to
recommendation ISO - 7498-2 Security Architecture is provided in
the second, the third, the fourth, the sixth and the seventh layer of
OSI (Open System Interconnection) [2].

The ciphering of data in the line layer of OSI can be used only
for the protection of the connection end- to -end. The advantage of
this realisation is the transparency of data for all network protocols
and applications. The communication between entity A and B in net-
works with interface X.25 can be realised according to Figure 1. In
the bottom of the picture the model shows which layers of OSI par-
ticipate in communication according to followed element of network.

Process B

Data Transmission
Equipment (DTE)

Data Communication

7 @
6
5 Network Communication
4 Equipment
. e R AR = 7
2 2 2
1 1 1

Equipment (DCE)

il NS AR E EEN AV, Fo g BN

Obr. 1 Komunikdcia medzi dvoma koncovymi stanicami v sieti X.25
Fig. 1 Communication between DTE A and DTE B in X.25 network

Ak si komunikujuce stanice A a B Ziadaju svoje data krypto-
graficky zabezpecit, Sifrovanie sa realizuje pred kanalovym kodova-
nim na strane vysielacej a desifrovanie za kanalovym dekédovanim
na strane prijimacej. Pre urychlenie prenosu najma u spojenia
prostrednictvom modemu sa data pred Sifrovanim najprv kompri-
muju vhodnym algoritmom. Vyhodou kompresie je aj skutocnost,
Ze komprimovany Sifrovany text lepsie odolava itokom zameranym
na jeho desifrovanie. V prispevku sa so zaradenim kompresného
kodéra neuvazuje. Dalej sa predpoklada, Ze nebola neumyselne
narusena integrita dat v kanali, pretoZe opisovany Sifrovaci algorit-
mus mozno pouzit len pre kanal bez Sumu. V pripade Sumového
kanala treba do prenosového retazca zaradit kanalovy kodér.

2 VLASTNOSTI KRYPTOGRAFICKEHO SYSTEMU
NA BAZE HAMMINGOVYCH (n, k) KODOV

Odbornej verejnosti je dobre znamy princip kodovania, deko-
dovania, detekcie a korekcie chyb u linearnych systematickych
(n, k) kédov [1], [4]. Zakladné principy tychto kodov mozno
vyuzif aj na Sifrovanie.

If the entities A and B require to keep privacy of information,
the communications system must be expanded by a ciphering
encoder before the error-correcting encoder at the transmitter side
and the ciphering decoder after error-control coding at the
receiver side. For the increasing of data rate (mainly by modem
data transmission) it is necessary to use the data compression.
The advantage of the compressed cipher text is its resistantancy
against some cryptoanalytict’s attack. In the paper the authors do
not solve problems of data compression. Further, the described
algorithm is supposed to be applied only for the noiseless channel.
For the noise channel for the elimination of noise must be
channel code included.

2 PROPERTIES OF THE CRYPTOSYSTEM ON
THE BASE OF HAMMING (n,k) CODES

Generally it is well known that principles of encoding,
decoding, detection and correction of errors with linear
systematic (n, k) codes use [1], [4]. The basic principles of these
codes can be used also for ciphering.
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Kodovanie zdrojovej k-tice z = (z,, z,, ..., z;) linearneho sys-
tematického kodu k x n sa realizuje prostrednictvom rovnosti:

u=z-G, (1)
kde G

je generujuca matica k X n linearneho systematického
kodu, ktora ho jednoznacne urcuje.

Hammingove (n, k) kody patria do mnoziny linearnych kodov
a pokial ich pouzijeme na eliminaciu Sumu v kanali, maju nasle-
dujuce vlastnosti [4]:
o dizkakodun =2" — 1,
pocet informaénych prvkov k = 2" — m — 1,
pocet zabezpeCovacich prvkov m = n — k,
minimalna Hammingova vzdialenost medzi kodovymi zloz-
kamid,,;, = 3 (v pripade perfektnych kodov) a korekéna schop-

nost t = 1.

Zakladna myslienka pouZitia linearnych samoopravnych kédov
(n, k) pre potreby Sifrovania spociva v ,utajeni” alebo ,zamasko-
vani“ generujucej matice G po vynasobeni maticami S a P. Takto
ziskame maticu K, ktora predstavuje kluc takéhoto kryptosystému:

K=§-G-P, (2)

kde: S je lubovolna invertovatelna binarna matica typu k X k,
P je pertmutacna matica typu n X n, ktord vznikne
z jednotkovej matice zamenou poradia riadkov a stipcov.

Tento systém mozno zaradif medzi systémy s verejnym
kla€om. Sukromny (tajny) klu¢ pozostava z troch matic S,
G a Paverejny kluc z matice K. Verejny kIU¢ je spolu s algoritmom
zverejneny.

Hammingove (n, k) kody mozZno pouZit na Sifrovanie dat, ak
su dodrzané nasledujice podmienky:
e vyysielacia strana pozna maticu K (verejny kIu¢),
® prijimacia strana pozna typ Hammingovho (n, k) kodu, matice
S, G a P (sukromny - tajny kIU¢) a kontrolnu maticu H na korek-
ciu nahodne generovaného chybového vektora.

Prislusné Sifrovacie zobrazenie T)(z) takto definovaného
kryptosystému je:

T(z2)=z-K+c, (3)
kde ¢ reprezentuje vektor dizky » nahodne generovany vysie-
laCom spravy pre kazdy blok spravy. Prijimacia strana

prijme signal, ktory je reprezentovany vektorom
y = T(2).

Desifrovanie prebieha podla nasledujucich krokov [3]:

o najdenie inverznej permutacnej matice P~ ! a vypodet y . P~ 1,

e eliminacia chybového vektora ¢ pomocou kontrolnej matice H,
t.j. vypodet (v . P~Y) . HT,

e najdenie kodu z . S pomocou genera¢nej matice G,

o najdenie inverznej matice S~ ! a vypocet originalneho vektora z.
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The encoding of a plain text word z = (z}, z,, ..., 2;) is as follows:
u=z-G, (@Y)

where G is generating matrix of linear systematic code of the
size k X n and u are the code words.

The Hamming (n, k) codes are the linear block codes with
following properties:
e code word lengthisn = 2" — 1,
message lengthis k =2" —m — 1,
check parity is m = n — k,
minimal Hamming distance d,,,,, = 3 (for perfect codes),
error-correcting capability 7 = 1 in each code word.

The main idea of the use Hamming (n, k) codes for ciphering
a plain text is based on the masking of the generating matrix G.
Generating matrix is transformed by binary matrixes S and P to
the matrix K according to:

K=S8-G-P, )

where: S is the binary convertible matrix of the side k X k,
P is the permutation matrix of the side n X n, which it is
created from the eye matrix by changing its rows and
columns.

This system can be classified as the public key cryptosystem.

The private key consists of three matrixes S, G and P and the
public key of the matrix K only, which is publicly known with the
algorithm, too.

The Hamming (n, k) codes can be used as the cipher codes
when the following conditions are kept:
e transmitting side knows the matrix K (public key),
e receiving side knows the type of Hamming (n, k) code, the mat-
rixes G, S, P (private key) and the check matrix H for correction
of random error vector.

Transformation of this cryptosystem 7)(z) is given by

T(z2)=z-K+c¢, 3)
where ¢ is the n-bits error vector of weight = ¢, that is at random
generated from the transmitting side for every code word.

The receiving side receives the signal, which can be
represented by vector y = T)(z)

The deciphering process is realised according to the following

steps [3]:

e determination of the inverse permutation matrix P~ and
calculation y . P!,

e climination of error vector ¢ by check matrix H by calculation
0.P Y. H,

e determination of the code z . S by means of the G

e calculation the original vector z by the binary inverse matrix
S use.
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3 ANALYZA VYPOCTOVEJ ZLOZITOSTI SIFRY

Kovalita sifry je dana zlozitostou sifrovacieho a deSifrovacieho
algoritmu. Zlozitost Sifrovacieho a desifrovacieho algoritmu
mozno urcit z poétu cyklov priemerne potrebnych na deSifrovanie
kryptogramu. Cim je §ifra zloZitejsia, tym viac cyklov bude potreb-
nych na jej prelomenie a to samozrejme zaberie viac ¢asu. Dnes je
znamych mnoho kryptoanalytickych utokov [3]. Algoritmus kva-
litnej Sifry predpoklada len utok hrubou silou, t. j. vyskusanie vSet-
kych moznych kombinacii kltuca.

Kvalita analyzovanej Sifry spo€iva v tom, Ze urenie spatnej Sif-
rovacej transformacie Tk(z)_1 nie je mozZné prostrednictvom
vypoctu inverznej matice K~ !, pretoZe kazdy odosielany blok
spravy je po zasifrovani znahodnovany n-bitovym chybovym vekto-
rom ¢. Vzhladom na to je deSifrovanie bez znalosti tajnej Casti
kluca aj pre malé dimenzie (n, k) vypoctovo zlozity problém, ktory
je obtiazne vyriesit v realnom Case. Druha cesta rozlomenia Sifry
vychadza zo znalosti nielen kluca K, ale aj algoritmu a znamena
najst a vyskusat vsetky submatice P, S, G, ktoré st sucastou kluca
a na zaklade kontrolnej matice H eliminovat chybovy vektor c.

Autori sa pokusili ur¢it vypoCtovi zlozitost tohto problému
pri pouziti Hammingovych (n, k) kdédov, pretoze komerénych
zariadeni tohto typu (pre korekciu jednoduchej chyby) sa v praxi
vyskytuje najviac. Hodnoty st uvedené pre dimenziu od m = 3 do
m = 13 v tab. 1. Z tabulky vidiet ako klesa redundancia r [%]
u vacsich dimenzii (od hodnoty n = 1023 je r < 1 %).

3 ANALYSIS OF CIPHER QUALITY

The cipher quality is given by the complexity of deciphering
algorithm. The complexity of deciphering algorithm can be deter-
mined by the number of cycles that the algorithm needs for decip-
hering cryptogram in average. The complexity of the cipher is
proportional to time for the breaking of deciphering algorithm.
Many of cryptoanalytic attacks are well known today [3]. Quality
cipher algorithm assumes the brute force attack only. It means
trying all combinations of key.

The quality of analysed cipher algorithm resides in determina-
tion of inverse ciphering transformation 7, k(z)_l. This determina-
tion is not able to be realised by inverse matrix K !, because for
every transmitted code word is created the randomisation of cryp-
tosystem by n-bits error vector c. In respect to it deciphering is com-
plicated already for small (n, k) dimension and it is impossible to
solve in real time operation.

The second way for breaking deciphering algorithm is based on
the knowledge not only of the public key K and also algorithm. It
means that potential hacker must find and test all submatrixes P, S,
G (which can be the part of key K) and eliminate the error vector by
check matrix H.

Authors tried to analyse the cipher quality of cryptographic
system based on Hamming (n, k) codes because the commercial
equipment with these types of codes (for correction of simply error)
is very often used. A list of the valid Hamming code parameters with
check parity m from m = 3 to m = 13 is provided in the Table 1.
This table shows how redundancy r [%] decreases for larger dimen-
sion of n (for n larger than 1023 is redundancy less than 1 %).

Vypoctova zlozitost Sifry na baze Hammingovych (n, k) kodov Tab. 1
Quality of cryptographic system based on Hamming (n, k) codes
m k n r [%] n! Vi Prum
3 4 7 42.86 5040 11811 20160
4 11 15 26.6 1.30767-10" 5.71623-10" 7.68105-10%
5 26 31 16 8.22283-10% 4.56733-10% 9.05446-102
6 57 63 9.52 1.98260-10% 3.05394-10'% 3.21397-10°"
7 120 127 5.51 3.01266-10%" 2.51922:10%%° 1.96120-10%33
8 247 255 3.17 3.35085-10°% 2.36007-10°% 8.04651-10"83¢4
9 502 511 1.76 6.79158-10'¢3 3.66854-101¢ 0.0180495-2%32008:10°
10 1013 1023 0.97 5.29153-10%% 1.13471-10°%%° 0.0180495-21-02617:10°
11 2036 2047 0.54 8.16744-10%%%° 8.08367-10°%° 0.0180495-2*1453°1"
12 4083 4095 0.29 3.20101-10™7% 0.0180495-2166708:10"
13 8178 8191 0.16

Poznamka: Vysledky uvedené v tab.1 boli ziskané s vyuZitim progra-
mového ndstroja DERIVE; bezne dostupné programy (napr. MATLAB,
EXCEL) dokazu vypocitat max. 170! a obdobné obmedzenia majii aj pre
vwpocet dalsich hodnot, co suvisi s problémom reprezentdcie Cisla vicsi-
eho ako 10°°% v pamdti pocitaca. Hodnoty oznacené pomickou sii pro-
gramovym prostriedkom DERIVE nevycislitelnée.

Note: The parameters shown in the table were calculated via the

programme DERIVE. The commercial programmes (E.g. MATLAB,
EXCEL) are able to compute values max. 170!. Similar limits are valid
also for computation of further values, what causes the problem to
represent a number larger than 10°% in computer memory. The values
marked by symbol “- “ are impossible to compute by DERIVE programme.
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Vypoctovi zlozitost ovplyviiuju nasledujice faktory:

A. vypocet inverznej permutacnej matice P!
Permuta¢na matica je velkosti n X n bitov. Najdenie vSetkych
permutacnych matic je zlozity problém najmid pre vacsie
dimenzie n, lebo pocet kombinacii odpoveda hodnote n!.
V tab. 1 je tento parameter vypoCitany maximalne pre kod
(2047, 2036).
Po najdeni vSetkych inverznych permutacnych matic treba
pre kazdy prijaty vektor y vyskusat vypocet y . P~ .

B. elimindcia chybového vektora ¢
Chybovy vektor n-bitovy s vahou w(c) = t, kde t je pocet
korigovanych chyb. Celkovy pocet roznych chybovych vekto-
rove. P! pre slova dizky n potom je:

p=@)+ﬁ)+m+(g. w

Chybovy vektor sa deteguje pomocou techniky zname;j
z tedrie korekénych kodov, na zaklade znalosti kontrolnej
matice H velkosti n X (n — k), ktora sa uréi z generujicej
matice G velkosti n X k a jednotkovej matice I velkosti (n —
k) X (n — k). Vypoctom (y . P Y. H sa zisti, v ktorom stipci
matice je chyba a tato sa nasledne eliminuje. (Poznamka: A’
je transponovana kontrolnd matica.)

C. hladanie pévodného vektora z . S
Ak G je generacna matica systematického kodu, je tento
proces hladania zjednoduSeny, pretoZe z priestoru moznych
kodovych kombindcii ¥, staci sledovat zdrojovy podpriestor
V., v ktorom sa nachddzaji kombindcie informacnej Casti.
Pocet takychto moznosti je [3]:

k—1
=l @7/ =-n-@"7-n" (5)
Jj=0

D. hladanie inverznej matice S -t
Matica S je velkosti k X k bitov a musi byt invertovatelna.
Vsetky kombinacie regularnych matic S sa mézu pre nesyste-
maticky vypocitat podla [3]

k
Pey=2TI-(1 =279 =2%-0,9. (6)
j=1

kde k je dizka spravy.

ZAVER

Z tab. 1 vidief, Ze uz pre malé dimenzie Hammingovych
(n, k) kodov je pocet kombinacii pri vypocte Ciastkovych Casti
kluca znacny. Vypocet vSetkych kombinacii jednotlivych casti
kluca pre dimenzie od (n, k) — (511, 502) je obtiazne realizova-
tel'ny v realnom case. Pre najdenie originalneho kltica je potrebné
vsetky vypocitané kombinacie spravne skombinovat, co je tiez
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The following factors influence the quality of deciphering

algorithm:

A.  calculation of inverse permutation matrixes P!
Permutation matrix P is of the side » X n. The determination
of all permutation matrixes P is a complicated problem
mainly for larger dimension of code word n as the number of
all combinations is » factorial. N factorial in Table 1 is
computed maximally for (n, k) code (2047, 2036). After the
determination of all inverse permutation matrixes P~ it is
necessary to calculate y . P~ ! for all received vectors y.

B. elimination of error vector ¢
The error vector c is n-bits vector with the weight w(c) = ¢,
where t is number of correcting errors. The total number of
various errors vectors ¢ . P~ ! for code word of length n then is

o=o) (1) (1) @

The error vector can be detected with the help error-
correcting techniques. This algorithm is based on knowledge
of the check matrix H of the side n X (n — k) which can be
determined by generating matrix of the side n X k and from
the eye matrix / of the side (n — k) X (n — k). The column of
matrix with error is determined according to expression (y .
P~Y . H”. In the next step the error is eliminated. (Note: H”
is a transposed matrix of H matrix ).
C. determination of original vector z . S

If G is generating matrix of systematic code, this process of
determination of vector z . S is easier as it is enough to
examine the combination of source subarea V) from area of
all combination V,. Number of such possibilities is [3]:

k—1
=l @7-1n-@7-1n7". ()
Jj=0

D. determination of inverse matrixes S -t
S is a matrix of the side k X k and must be inverse. All
combination of regular matrixes S for non-systematic code
can be determined according to [3]:

k
Pey =28 TI-(1 =27y =2¥-0.29. (6)
j=1

where k is message length.

CONCLUSION

Table 1 shows that the number of key pieces combination is high
already for relatively small code dimensions Hamming (n, k) codes.
Computing combinations of all key pieces from dimension (n, k)
— (511, 502) is realised problematically in real time operation. To
find the original key, it is necessary combine the determined
combination correctly, which it is time demanding problem, too.
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Casovo velmi naro¢ny problém. Mozno konstatovat, Ze analyzo-
vany §ifrovaci systém (za predpokladu utoku hrubou silu) je vypo-
Ctovo zlozity.

Uvedeny Sifrovaci systém je vhodny na pouzitie pre Speciali-
zované prenosy v Urovni linkovej vrstvy, kde sa vyzaduje rychly
prenos dat pri zarucenej dovernosti prendsanych informacii.
Vyhodné by bolo, keby kodér-dekodér plnil okrem Sifrovacej
funkcie aj funkciu korek¢éntl (mysli sa korekcia chyb sposobenych
sumom). Pre takuto aplikaciu predpokladame moznost vyuzitia
algoritmov na baze samoopravnych kodov pre viacnasobné chyby
akymi st napr. algoritmy BCH kodov. U tychto kddov sa zaroven
zvySuje odolnost voci prelomeniu Sifry aj pri pouziti inych kryp-
toanalytickych ttokov.
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Petr Kadanik *

NFO RIADENIE OTACOK ASYNCHRONNEHO MOTORA BEZ
POUZITIA MECHANICKEHO SNIMACA RYCHLOSTI

NFO SPEED CONTROL OF INDUCTION MOTOR WITHOUT UESING SHAFT ENCODER

V prispevku je popisany systém riadenia asynchronneho motora bez pouZitia mechanického snimaca polohy ci otdcok rotora. Riadiaci
systém je zaloZeny na principe tzv. prirodzeného riadenia (natural field orientation -NFO). Tito metoda umoZiuje urcit aktudlnu poziciu pries-
torového vektora magnetického pola vo vmiitri motora, ¢o je predpoklad pre jeho vektorové riadenie, len zo zndmych statorovych napdti a priidov.
Vsetky vypocty velicin potrebnych pre otdckovii reguldciu sii vykondvané na zdklade matematického modelu asynchronneho stroja. TieZ sii pre-
zentované vysledky simuldcie navrhnutého systému a pokusné realizdcie na mikroprocesorovo riadenom elektrickom pohone s IGBT striedacom.

This article focuses on the design and analysis of a speed-sensorless vector control of induction motor based upon a Natural Field Orientation
(NFO). This method allows high-dynamic vector control of PWM VSI fed induction motor. The main merit of NFO is given by no requirement on
any speed or position sensor. The presence of a tacho-generator or optical shaft encoder is commonly undesirable. These transducers significantly
increase the costs and reduce the reliability and robustness of the overall system. The NFO method doesn’t employ computationally extensive
algorithms such as Model Reference Adaptive System or methods based on Kalman filter. Simulation results from a model-based computer-aided
design approach using MATLAB/SIMULINK software will be presented.

1. Introduction

Induction motor (IM) enjoys many advantages over DC
motor, including better power to weight ratio, lower inertia and
costs (fewer maintenance requirements). Unfortunately, IM has a
nonlinear and a highly interactive multivariable control structure
which presents an involved control task. However, the dynamic
behaviour of IM can be viewed in a manner analogous to DC
motor provided the machine is modelled in an appropriate manner
and decoupled control of torque and flux current components can
then be achieved. Such control is termed vector or field-oriented
control, and its implementation allows the IM to develop dynamic
operating characteristics comparable to a DC motor.

With vector control, the object is to control IM in the same
way as DC motor, and thus obtain their good dynamic response.
DC machines essentially have stationary and orthogonal field and
armature fluxes. Vector controllers develop similar flux
components in a rotating 2-axis (d — ¢) coordinate system. These
two components maintain orthogonality and are controlled
independently in all situations by control of their corresponding
stator current components.

To realise such control, a mathematical transformation is
used to represent the 3-phase stator currents in an equivalent
rotating 2-axis co-ordinate system. In 3-phase form, the stator
currents (i,, i,, i.) are stationary in space with directions defined
by the stator windings along @ — b — ¢ axes. Once in space phasor

* Ing. Petr Kadanik

form, it is convenient for IM analysis to express the phasor in
terms of 2-axes rather than the original 3. A stationary 2-axis
reference frame is represented by windings « and B. In rotating
2-axes form, the stator currents are resolved into direct (d) and
quadrature (g) axis components with the d-axis fixed to the
machine flux (Fig. 1). Hence the d — ¢ axes rotate in space at
synchronous speed.

Fig. 1 Stator current vector i a his components in stationary
(a - B) and in rotating (d - q) 2-axes reference frame

With stator currents in d — ¢ form, the torque expression of
the IM is analogous to that of the DC machine. For the DC

Department of Electrical Drives & Traction, Czech Technical University, Faculty of Electrotechnical Engineering, Technicka 2, Prague 6,
Czech Republic, Phone: +420-2-2435 2812, Fax: +420-2-311 99 72, e-mail: kadanik@feld.cvut.cz
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machine, the torque M ~ I.I,; where the field current /,can be held
constant, and the armature current /, is used to control machine
torque. For IM, M =~ I,1,; where the d-axis current /, corresponds
to field current I, and the gaxis current I, corresponds to
armature current /,. Control of [, and I, therefore allows DC
machine performance to be obtained from induction machines.

The transformation from stationary (a — ) reference frame
to synchronously rotating (d — ¢) reference frame (and the
inverse from d — g to & — f3) requires the instantaneous angular
position 9, of the machine flux (hence the d-axis) with respect to
the reference stator winding.

It is difficult to detect motor flux and, therefore, it is usually
calculated in a mathematical model from measured stator
currents and rotor speed. In such a case, the IM must be equipped
with a speed sensor.

However, speed or position sensor still represents a
considerable part of the total costs of the electrical drive.
Moreover, the robustness of the system is also reduced by this
sensor. In a large majority of industrial applications, inverter-fed
AC drives with standard IM are used. These drives operate with a
simple open-loop control and don’t require any mechanical
sensor. However, they are only suitable for applications
demanding low dynamic performance.

2. Principle of NFO

The basics of Natural Field Orientation (NFO) were firstly
introduced by Ragnar Jonsson from Sweden and patented as
“Method and apparatus for controlling an AC induction motor by
indirect measurement of the air gap voltage” in 1994.

NFO is based on the same elementary theory and ideas as
vector control. However, the problem of keeping track of the
magnetic field position has been solved in a “natural® way. The
control system does not try to measure or estimate the magnetic
field. Instead, it assumes that the motor will generate a proper
magnetic field as long as it gets correct control signalsm. The
main assumption for getting correct control is to maintain
magnetic flux constant. If this simple requirement is fulfilled there
will always be correct field orientation.

A simple equation for induced (or back-emf) voltage can be
obtained from modified equivalent IM’s circuit '': U, = jw,L, I,
(evident DC machine analogy). It is obvious that the quotient
U,/ w, should be kept constant because this will keep the amplitude
of 1, constant, too. This condition is satisfied by estimating
voltage U, and making the frequency w, proportional to U, Motor
flux angular position is then achieved by w, integration. This
knowledge is the basis for NFO control. The simplified NFO
control scheme is shown in Fig. 2.

The induced voltage U, cannot be measured directly because
it exists inside the motor. But it is possible to measure the terminal
voltage Ug and the stator current /g and then calculate U,
according to Ohm’s law. This is made in the stator-fixed (o — 3)
coordinates. The results of the measuring and calculation are a
rotating vector of induced voltage U,, which is immediately
transformed to field coordinates (d — ¢). In the field coordinates
the induced voltage components U;, and U,, are DC voltages. For
the calculation of synchronous speed w,, only quadrature
component U, is used because U,, should be zero if the
parameters of the motor model are set correctly (see diagram on
Fig. 3).

u. . uia
E—— -jS Calculation of .
e induced/back-emf voltage | laH avc
ui
a Uy U =U;—-Rgl;
A | :
|
|
1 J‘ : A
> |odt ' 9
l
|
2
uSd ': . uSa —
o > JS
control vector e PWM IM
Usq us;s
8

field coordinates >

< gtator coordinates

Fig. 2 Simplified NFO Control scheme
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Fig. 3 Phasor diagram for Fig. 4

3. Induction motor model

An induction motor, under simplifying assumptions, may be
described by a set of non-linear equations. In our case, it is
suitable to use the equations in the rotorflux reference frame
d—q).

The rotor flux reference frame rotates at speed w, (and angle
U,) with respect to the stator reference, and the d-axis is fixed to
the rotor flux space phasor Wr. Then W, must be zero, and

7R:\I,Rd+j1PRq:q,Rd (@)

The equivalent rotor magnetising current i, is defined as [1]

L Ly

imR:iS-I——RiR:\PRd_ (2)

according to the modified equivalent circuit of IM (Fig. 4).
Space relations between the quantities of the equivalent circuit are
shown in Fig.3.

e}

Fig. 4 Modified equivalent circuit of IM

Then the IM’s voltage equations in the rotor flux reference
frame can be written as

KOMNIKOCIe

C O MMUNICATION:S

di,,r 3

. disq .
Ugy = Rgigy + (TLS7 — w,0Lgig, + (1 — 0)Lg i

di
us, = Rgig, + olg f + w,0Lgig, + (1 — 0)Lswig (4)

0 RRL(' i) + L i (5)
= — 1 —1
LR m\*mR Sd. m df
RR
0=—-— LmiSq + ((1)5 - w)LmimR (6)

Ly

The developed electromagnetic torque of IM with p, poles
pairs is given by

L
m; = L_mpprdiSq (7
R

The following equations for back-emf voltage U, can be
written

. disy ;

Uy =gy — Rgigy — olg i + ws0oLgig, (8)
. diSq .

U, = us, — RgiS, — olg % wsoLgig, )

Comparing eq.(3, 4) and (8, 9) gives (with simplified
assumption: i,z = const, o = 0) expression for stator frequency
calculation

uiq uSq B RS lSq

= — = 5 (10)
(I = 0)Lgi,r Lgipg

Wg

For rotor speed, with using eq. 5, 6 and 10, it can be written

_ Uy — Rpig, (1)

Lgi,g

The block scheme shown in Fig. 2 represents the NFO
computing core executing the rotor speed w and the rotor flux
position J; calculation. This scheme uses measured stator
currents and voltages (is,, isg, Usq» Ugg) in stator reference frame
and g-component of stator current in rotor flux reference frame
and magnetising current i, , from a superior control system as
input values.

4. Speed control with estimated speed signal
The rotor speed and motor flux angular position are estimated

using the NFO computing core, and it is introduced into a standard
rotor field oriented control system with induction machine.
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Fig. 5 NFO Computing Core

Feedback magnetising current signal i, is estimated using
equation (5). PI controllers are used for speed and currents
control loops.

The electrical signals serving as input to the NFO Control in
Fig. 6 are the stator voltages and currents as represented by the
orthogonal set ug,, Usg, isqs isg Of AC quantities. The flux is set
as a reference quantity 7,7, that may be subject to change for field
weakening.

Executing the integration of w, (to get flux angle) in field
coordinates reduces the effect of integrator drift at low stator
frequency to a normal offset that is common with analogue signal
processing.

5. Simulation Results & Conclusions

The proposed algorithm was verified by computer simulation
(MATLAB/Simulink) and it was found to perform well in both
transient and steady states.

For the simulation the MATLAB/Simulink software was used.
The parameters of induction motor were: P, = 4 kW, U, = 220V,
I,=92A Rg=1250,R;=132Q0,Lg=Lz=0.136 H,L,, =
0.12 H, M, = 40 Nm, p, = 3, n, = 960 rpm.

In Fig. 7 starting, reversing and loading transients for
4 kW IM are presented.

isg Ugq Us, [
e Rl R = /|
. e o = [ a
S . R mi=lg, o Riq Sq | Sp —
ol . Eiipng RVSRS

ImR

NFO

control

A

(o] [N

o

Fig. 6 Proposed scheme for speed-sensorless control of IM based on NFO algorithm
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Fig. 7 Simulation results for 4 kW Induction motor

The U, deviation from zero value (see the 3-rd graph in Fig. 7)
can be integrated with a relatively long time constant and used as
a compensating signal for the stator resistance parameter in motor
model.

The basic NFO Control version used for simulation in this
paper may be augmented in various ways for attaining still higher
levels of accuracy and performance.

6. Proposed experimental structure

The aims of the next steps will include the finishing brand
new 3-phase IGBT inverter.

For this purpose the integrated intelligent IGBT module
MiniSkiip 82AC06 and IGBT driver SKHI60 Semidriver
manufactured by SEMIKRON. Stator currents measuring is done
by LEM LTS 25-NP. The information of the stator voltages can
be obtained by measuring (voltage transformers, LEM LV 25-P)
or by reconstruction from the sensed pulses width of PWM

voltage on the terminals (TTL signal) and measured DC-link
voltage UD.

NFO Control algorithm will be implemented firstly using
NFO Controller DemoBoard (based on INTEL87C196MC) - see
Fig. 8 - and then using Texas Instruments DSP TMS320F240.
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Fig. 8 Proposed experimental workstation
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PRISPEVOK K RIESENIU TLAKOVYCH STRAT VYMENNIKA TEPLA

CONTRIBUTION TO THE SOLUTION OF PRESSURE LOSSES OF A HEAT EXCHANGER

Cldnok sa zaoberd vypoctom tlakovych strdt tepelnych vymenni-
kov a ich jednotlivych casti. RieSené su tlakové straty miestne aj
dlzkové v prierezoch kruhovych aj rozne tvarovanych. Sii uvedené rézne

alternativy zapojenia viacerych riirkovych vvmennikov tepla. MoézZu byt

pouzité teplonosné médid kvapalné aj plynné, ako aj rozne chladivd.
PouZitim tohto vypoctu je mozné dimenzovat cerpadld alebo ventild-
tory, co md priamu spojitost s prevadzkovymi a investicnymi nakladmi.

Tlakové straty, ktoré vznikaju pri prudeni skutoénych tekutin
potrubim a vymennikmi tepla, mozno rozdelit na straty trenim
a straty vradenymi (miestnymi) odpormi. Straty trenim vznikaju
v celom objeme prudiacej tekutiny (t. j. v celom prietocnom prie-
reze a na celej dizke potrubia), straty vradenymi odpormi sa
obmedzuju len na tu Casf, kde dochadza k naruSeniu pradu
(k deformacii rychlostneho profilu).

Tlakové straty mozno pocitat z dvoch zakladnych vztahov:

) A /\1 w?
a =\ — . —
Dy d 2P

e

[Pa], (H

pre vypodet tlakovych strat rovnej Zasti dizky 1 [m](dizkovej
straty) a vautorného prierezu d, [m] .

2

by Apm = zg% p [Pal, )

pre uréenie miestnych odporov tvarovych kusov, vstupov a vystu-
pov rurok vymennika tepla z rirkovnice, zmeny prierezu a pod.,
kde:

3£ - sucet vSetkych miestnych odporov,
w - stredna rychlost prudu [m.s'],
p - Specificka hustota pridiacej tekutiny [kg.m™],

A - suCinitel trenia [-],
d, -ekvivalentny priemer rurky, u nekruhového priemeru
45 .
d,= TR u kruhového prierezu d, = d,
kde: S - plocha [m?],

U - obtekany obvod [m].

This paper tells deals withe the calculation of pressure losses of
heat exchangers and its individual parts. Local and length pressure
losses in circular sections and also sections of different shape are dealt
with. There are different alternatives of tubular heat exchangers
connection. Liquid and gaseous heat carrying agents and various
coolants can be used. It is possible to dimension pumps or ventilators by
this calculation. Operation and investing charges also depend on that.

Pressure losses that are built up in real fluid flow through
a pipeline and heat exchangers can be divided into losses by
friction and local resistance.

Losses by friction are built up in the whole volume of flowing
fluid (that means the losses by local resistance are limited only to
that part where there is current impaired in the whole through-
flow section and pipeline length).

Pressure losses can be calculated from two basic relations:

2

) A Al w
a =) — . —
P d 2p

e

[Pa], (D

for calculation of pressure losses of the straight part of length
1 [m] (length losses) and inside diameter d, [m].

2

by Apm = zg% p [Pal, ©)

for determination of local resistance of formed pieces, fittings
inlet and outlet of tube of heat exchanger from the tube plate,
section change and so on. Where:

3. - the total of all local resistance,
w  -the middle speed of flow,

p - specific density of flowing fluid,
A - coefficient of friction,

d, - equivalent diameter of the tube, with not circular section

48
d,= 7 with circular section d, = d,

e

where: S - surface [m?],
U - by passed circuit[m].
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Celkova tlakova strata bude tvorena suctom tlakovej straty miest-
nej aj dizkovej:

A—)\l+2 e P 3
P =AY 13 5P [Pa]. (3)

Tlakova strata dizkova
Hodnota sucinitela trenia A [-] zavisi od druhu prudenia, teda
od hodnoty Reynoldsovho ¢isla a od drsnosti stien potrubia.

Pri laminarnom pradeni, R, < 2320 nem4 drsnost potrubia
na tlakové straty trenim Ziaden vplyv a sucinitel trenia A zavisi len
od hodnoty R,.

Plati vSak:
= 64 @
R’
wd,

kde R, = —, pricom:
v

w - rychlost prudenia tekutiny [m.s],
d, - ekvivalentny priemer potrubia [m],
v - kinematicka viskozita prudiacej kvapaliny [m%s'] .

Pri vysSich hodnotach Reynoldsovho Cisla spociatku zavisi
sucinitel trenia prevazne od hodnote R, . Jeho vplyv vSak postupne
kles4, aZ pri velkych hodnotach R, (R, > 10000 - turbulentné pru-
denie) postupne zmizne. Sucinitel A potom zavisi len od pomernej
drsnosti rurok. Tlakova stratu mozeme ovplyvnit len drsnostou
potrubia. Zmena viskozity sa v tomto pripade neuplatni.

Pre turbulentné prudenie sa v literature uvadza viac rovnic,
napr. pre hladké rurky do R, = 8.10* nasiel Blasius empiricky
vztah:

A =0,3164.R,7%% . (5)
Hermanov vztah plati az do hodnoty R, = 1,5 . 10°:

A =0,0054 + R, (6)

Teoreticky odvodil rovnicu pre sucinitela trenia v hladkych

rurkach Prandtl. Jeho vzfah upraveny do explicitného tvaru plati
s max. chybou 1 % do R, = 108:

)= 0,309 . %
It R\
o

&7
Potrubie mozno povazovat za hydraulicky hladké, ak plati:

k 30

; = R 0875 (¥)
e

Total pressure loss is given by total of local and length loss:

2

1 w
Ap = (/\; + 2§> : TP [Pa]. 3)

Length pressure loss

Value of the coefficient of friction A [-] depends on the kind
of flow, the value of the Reynold’s number and roughness of
pipeline walls.

The roughness of pipeline in laminar flow R, < 2320 does
not have an influence on pressure losses by friction. The
coefficient of friction depends only on the R, value.

It is valid that:
A= 64 @
R

4

wd,
where: R, = —, where:
v
w - the speed of fluid flowing [m.s"],
d, -equivalent diameter of pipeline[m],
v - kinematic viscosity of fluid [m>.s"].

With a higher value of the Reynold’s number, the coefficient of
friction depends mainly on value R,. Its influence gradually declines
in high values of R, (R, > 10000 - turbulent flow).It gradually
dissappears. Coefficient A depends then only on the relative rough-
ness of tubes. Pressure loss can be influenced only by the roughness
of the pipeline. There is no change of viscosity in this case.

There are the equations for turbulent flow mentioned in
literature. For example, for the smooth tubes to R, = 8.104,
Blasius found the empiric relation:

A =0,3164.R,~"%. 5)
Herman’s relation is valid to value R, = 1.5 . 10°:
A =0,0054 + R,7%3. (6)

He derived theoretically the Prandtl equation for the
coefficient of friction in the smooth tubes. His relation remade to
explicit form is valid with the maximal mistake 1% to R, = 108:

Lo 0309 -

R \2
I e
0g7

A pipeline can be considered as hydraulically smooth if :

k 30
; = R 0875 (3)
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kde: k- skutocna drsnost stien potrubia [m],
d - priemer prieto¢ného prierezu [m].

Hodnoty skutocnej drsnosti k pre rézne druhy rurok su
uvedené v tab. 1.
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where k - real roughness of pipeline walls,
d - diameter of through-flow section,

The values of the real roughness k for different types of tubes
are shown in Tab. 1.

Hodnoty absolutnej drsnosti potrubia k [mm] Tab. 1 Values of absolute roughness of pipeline k [mm] Tab. 1
Druh potrubia Drsnost stien Type of pipeline Roughness
k [mm] of walls
Tahané rurky medené technicky hladké 0,00135 az 0,00152 Stretched copper tubes Technically smooth | 0.00135 - 0.00152
Sklenené a z plastov hladké 0,00162 Glass and from plastic Smooth 0.00162
Bezsvové ocelové rirky | nenatrené - nové 0,015 Seamless steel tubes Uncoated -new 0.015
natrené - nové 0,0305 Coated - new 0.0305
natrené - po dlhsej -after longer period
dobe prevadzky 0,152 of operation 0.152
Potrubie z ocelového valcovany plech 0,04 a7 0,10 Pipeline from steel plate | Rolled plate 0.04-0.10
plechu galvanizované 0,008 Galvanized 0.008
po dlhsej dobe after longer period
prevadzky 1,0 az 2,0 of operation 1.0-2.0
Liatinové nové nenatrené 0,015 az 0,305 Cast-iron new Uncoated 0.25-0.305
natrené 0,061 az 0,152 Coated 0.061-0.152
Betonové kanaly hladené 0,3az0,8 Concrete canal Smooth 0.30.8
drsné 1,0 az 3,0 Rough 1.0-3.0
Zelezobetonové hladené 0,1 az 0,15 Ferro-concrete Smooth 0.1-0.15
drsné 0,2az0,8 Rough 0.2-0.8
Gumové hadice 0,1 az 0,3 Rubbercoated hoses Very rough 0.2-0.3
Pogumované hadice vel'mi drsné 0,22az0,3 Leather hoses High-quality 0.15
KozZené hadice kvalitné 0,15 Brick tubes Smooth 0.610-3.048
Tehlové rirky glazované 0,610 az 3,048 Gravel masonry 6.096-15.24
Strkové murivo 6,096 az 15,24 Flax or hemp hoses Common or
Oanové alebo konopné | obyajné alebo rubber-coated 0.5-0.8
hadice pogumované 0,5az0,8 Bricks 2.0
Tehly 2,0 Building stone 8.0-15.0
Stavebny kamen 8,0az 15,0

V rurkach s drsnym povrchom stien su odpory prudenia
vacsie nez v rurkach hladkych. Sposoby vypoctu hodnoty A su
rozne, napr. podla Zimmermana-Galavicze plati:

Re
) <log IOS,S.dl.l) ) ©)

kde A, je sucinitel trenia pre hladké rurky. Tento vztah dobre
vyhovuje pre ocelové rurky.

8.6.107*
A=A+ 4028

Tlakova strata miestna

Tlakové straty miestnym odporom vznikaju pri prudeni
tekutin Gasfami potrubia (oblukom, kolenom, odbockami, posu-
vaémi, ventilmi a pod.), kde dochadza k miestnemu naruseniu
(rozvireniu prudu).

The resistance of flow is higher in the tubes with a rough
surface than in smooth tubes. However, the ways of calculation of
A value are different, for example, by Zimmermann-Galavicz:

Re
) (log 105‘5.dl'1>’ ©)

where A, is the coefficient of friction for the smooth tubes.
This relation is suitable for steel tubes.

8.6.107*
A=A, + 4028

Local pressure loss

Pressure losses by local resistance are built up in fluid flow in
special parts of a pipeline (bend, branch pipe, valve, ...) where
there is local dislocation of flow.
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Hodnoty sucinitela trenia A pre hydraulicky

Values of friction coefficient A for hydraulically

drsné potrubia. Tab. 2
Relativna drsnost Suginitel trenia

€=kld A

0,00002 0,00901
0,00005 0,01054
0,00010 0,01197
0,00020 0,01371
0,00050 0,01669
0,00100 0,01961
0,00200 0,02339
0,00250 0,02485
0,00500 0,03033
0,01000 0,03785
0,02000 0,04858
0,02500 0,05299
0,05000 0,07142

rough pipelines. Tab. 2
Relative roughness Coefficient of friction

€=kld A

0.00002 0.00901
0.00005 0.01054
0.00010 0.01197
0.00020 0.01371
0.00050 0.01669
0.00100 0.01961
0.00200 0.02339
0.00250 0.02485
0.00500 0.03033
0.01000 0.03785
0.02000 0.04858
0.02500 0.05299
0.05000 0.07142

Pre jednotlivé pripady sa tlakova strata vypocita zo vztahu:

For individual cases the pressure loss is calculated from the relation:

w? W
Ap,, = 57 p [Pa], (10) Ap,, = 57 p [Pa], (10)
kde & je bezrozmerny sucinitel vradeného odporu. where ¢ is dimensionless coefficient of the local resistance.
Velkost miestnych odporov £ u niektorych armatur. Tab. 3 Size of local resistance & in some cases. Tab. 3
Druh odporu ¢ | Druh odporu £ Type of resistance ¢ | Type of resistance £
Uzatvaraci ventil 4 -7 |Redukcia - zuZenie plynulé| 0,1 Closing valve 47 gi)(iliic;;on - continuous 01
Vytlaény il ke 5-7 |Redukcia - zuzenie nahl 1
ytlaény ventil kompresora edukcia - zuzenie néhle ,0 . Reduction - sudden
Saci ventil kompresora 12 - 15 | Postiva¢ 0,3-10 Delivery valve of compressor 57 tapering 10
Vtok z nadrze do rurky 1,7 |Obluk R =2,5d 0,14 Sucking valve of compressor | 12-15 [Gate valve 0.3-1.0
Rozdelovaé (vystup) 0.5 |Obluk R = 1.0d 0.3 Inlet from the tank to tube | 1.7 |Bend R=2.5d 0.14
7 10 |Oblk R - 05 20 Distributor (outlet) 0.5 [BendR=1d 0.3
& (vst ’ ik R =0, ’
erac (vstup) " Collector (inlet) 1.0 |BendR=0.5d 2.0
Ventil priamy 10 [ Ventil Sikmy 3,5 Globe valve 10 |Skew valve 35

Sucinitele ¢ jednotlivych vradenych odporov sa algebraicky
spoCitaju. Miestne odpory mozno vyjadrif tiez ekvivalentnou
dizkou potrubia /. Celkovy odpor prudenia alebo odpovedajici
priemer potrubia mozno uréit zvicienim skutoénej dizky potrubia
o sucet ekvivalentnych dizok, podla vztahu:

)\le w _ng (11
a 2P
&d
kde: [, =—. 12
=y (12)

Ekvivalentna dizka [, zavisi tiez od hodnoty Reynoldsovho
Cisla R,, lebo zavisi od hodnoty sucinitela trenia ¢ ktory je funk-

Coefficient £ of an individual local resistance is algebraically
summed up. The local resistance can also be expressed by an
equivalent length of pipeline /,. The total resistance of flow or its
diameter of pipeline can be determined by the rise of the real length
of pipeline about the total of equivalent lengths by the relation:

oW 2

AL —p=¢—p, 11

1 3P §—p (11)
&

where: l‘,:T. (12)

Equivalent length /, also depends on the value of the
Reynold’s number R, because it depends on the value of coefficient
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ciou R,. Soucinitel' vradenych odporov A zavisi len na geometric-
kého tvare odporovej Casti potrubia, bez ohladu na to, aké
médium prudi v danom priemere.

Celkova tlakova strata
Vysledna tlakova strata pri prudeni média potrubim je dana
suctom tlakovej straty miestnej a dizkovej:

A—)\l+2 2 P 13
P =AY ¢ 5P [Pa]. (13)

Vsetky udaje v hydraulickych odporoch platia len pre izoter-
mické prudenie tekutiny. S vplyvom zmeny teploty (neizoter-
mické) prudiaceho média sa pocita len s tym, ze vsetky veliCiny
potrebné pre vypocet (rychlost, Specificka hmotnost, kinematicka
viskozita) sa vztahuju na strednu teplotu média. Tato analyza vSak
nie je velmi spravna, presny vypocet odporu je nemozny. Pri
neizotermickom prudeni musime pocitat s prirodzenym tahom
posobenia nahor a braniacim nutenému pohybu ohrievanej kva-
paliny nadol. Pri opa¢nom prudeni kvapaliny sa tento odpor
zmensSuje. V takychto pripadoch, ak je to mozné, je najlepsie zistit
odpor experimentalne.

Vypocet tlakovych strat pri prideni vo vnitri rirok

Tlakova strata trenim v kruhovej rurke sa spocita zo vztahu
(1). Pri kruhovej rurke je hodnota ekvivalentného priemeru
d,=d.

Celkova tlakova strata prietoku kvapalinou vnttornou rirkou
vymennika tepla sa pocita podla vztahu:

A—)\i+2 W—2 P 14
P=117 £ S, P [Pa], (14)

1

kde ¢ je suéet miestnych odporov pri vstupe a vystupe do
vymennika tepla a prietokom cez jednu rurku.

Vypocet tlakovych strat pri prudeni na vonkajsej
strane rurok
Pri vymenniku rirka v rarke (obr. 1.) moézZeme tlakovu stratu
pocitat zo vztahu:
Apc = Ap, + Ap, [Pal, (15)
kde: Ap, - tlakova strata trenim dizkovymi aj miestnymi odpormi
pri pozdiznom obtekani medzirurkového priestoru [Pa]
podla vztahu (13),
Ap, -tlakova strata nabehovej Casti pri prudeni kvapaliny
Sikmo k rurke [ Pa ], pricom

pre hodnotu Apj; plati: Ap, = 2y(¢).Apgy- [Pa], (16)
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of friction A which is the function of R,. The coefficient ¢ depends
only on geometrical shape of resistance part of pipeline. There is
no regard to the kind of the medium which flows in the section.

Resultant pressure loss
The resultant pressure loss with a medium flowing through
a pipeline is given by the total of the local and length loss :

2

1 w
Ap = (/\;+2§)~7p [Pa]. (13)

All data in a hydraulic resistance are valid only for isothermal
fluid flow. With the influence of temperature change (not
isothermal flow) of the flowing medium, it is calculated that all
quantities needed for calculation (speed, specific weight,
kinematic viscosity) refer to the middle temperature of the
medium. This analysis is not very proper. Proper calculation of
resistance is impossible. With the non-isothermal flow we must
calculate with a natural draught that appeals upwards and resists
the positive movement of heated fluid downwards. In such cases,
if possible, it is better to estimate the resistance experimentally.

Pressure losses calculation in flow inside of pipelines

Pressure loss by friction in a circular tube is calculated from
the relation (15). The value of the equivalent diameter in circular
tube d, = d.

Total pressure loss with fluid flow through the inside tube of
a heat exchanger is calculated by the relation

2
AT

i [Pa].

(14)

where 3¢ is the total of the local resistances in inlet and outlet of
heat exchanger and the flow through one pipe.

The calculation of pressure losses
with flow on outside of tubes
Pressure loss in the exchanger tube in tube (fig. 1) can be
calculated from the relation:
Apc = Ap, + Ap, [Pal, (15)
Where: Ap, - pressure loss by friction by length and local
resistance with longitudinal by - pass of intertubes
space [Pa] -by relation (13)
Ap,- pressure loss of start - up part with fluid flow
skew to tube [Pa],

Value: Ap, = 2y(¢).Apgy- [Pa], (16)
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kde: Apyq- - tlakova strata nabehovej Casti pri prudeni kolmo ku
zvéazku rurok [Pa],
- opravny sucinitel, ktory je funkciou uhla nabehu

prudenia na zvazok rurok.

)

Hodnoty opravného sucinitela

Where: Apgy,. - pressure loss of start - up part in flow
perpendiculary to tubes bunch [Pa],
corrective coefficient, which is function of angle

of start-up flow to tubes bunch.

o) -

Values of corrective coefficient

v zavislosti od uhlu nabehu ¢. Tab. 4 in dependence on the angle of start-up ¢. Tab. 4
1) 90° |80° |70° |60° |50° |40° |30° |20° |10° [0 90° |80° |70° |60° |50° [40° |30° |20° |10°
()| 1,00 |1,00 0,95 |0,83 |0,69 |0,53 |0,38 |0,24 |0,15 Y(p)| 1.00 |1.00 [0.95 |0.83 |0.69 |0.53 |0.38 |0.24 |0.15
Zo vztahu (13) za ekvivalentny priemer d, dosadzujeme | Equivalent diameter from the relation (13) is:
hodnotu (obr. 1):
4 wdy  wd A wd>  wd
48 4 4 &-d 45 4 4 d; — di
4 == = = . (7 d,=—= = : (17)
U 7d, + d, d, + d, U 7d, + d, d, + d,
lt’a
te =W N
x 7 Qf

e,

Obr. 1 Prudenie kvapaliny v medzikruhovom priereze
Fig. 1 Fluid flow in annular section

Pri vymenniku tepla s rdrkovou sustavou so vstavanymi
usmerfiovacimi deliacimi plechmi by bolo mozné povazovat pru-
denie na vonkajSej strane rirok za niekol'konasobny Sikmy prad
s niekol'konasobnym ohybom.

Flow on the outside of the tubes could be considered with

a multi-skew flow with a multi - bend in a heat exchanger with built
in direct parting plates.

&

&

& .

Obr. 2 Vymenik tepla s rirkovou stistavou
Fig. 2 Heat exchanger

V tomto pripade je mozné povaZovat prudenie za pozdizne
okolo zvizku rurok so Sikmym nabehom a §ikmym vystupom. Za
ekvivalentny priemer d, sa potom dosadzuje (obr. 2):

In this case, it can be said that the flow is longitudinal around

tubes bunch with skew start-up and skew outlet.

The equivalent diameter d, in this case is as in the (Fig. 2):
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wD? wd3
HN——n— 2 2
_ 45 4 4 D” — nd,

4 =22 - : (18)
U 7D + nd, D + nd,
kde: n - pocet rurok [-],

D - vonkajsi priemer rurky [m].

V medzirurkovom priereze spravidla vychadza laminarne pru-
denia (R, < 2300) a sucinitel trenia A ur¢ime zo vztahu (3).
Rychlost prudenia kvapaliny w [m.s™'] sa uréuje z najuzsieho prie-
rezu medzi rarkami. Pri prudeni kvapaliny kolmo ku zvazku rurok
sa odpor povazuje za odpor vzniknuty z miestnych odporov
a pocita sa podla vztahu:

2

Ap = Ef% p [Pal. (19)

Odpovedajuci stucinitel miestneho odporu celého vymennika
mozno ziskat zo vztahu pre striedavé rurky:
pre S,/ dy <S;/ d,

&= (4 + 6,6.m).R,~*%, (20)

pre S,/ dy>S;/dy, &= (54+34mR, "%, 21

S \-0.23
pre rurky v zakryte: £ = (6 + 9.m) - 7’ R0 (22)

kde m je pocet rurok za sebou v zakryte v smere prudenia.

Rychlost w - odpoveda najmensSiemu prietocnému prierezu
medzi rurkami. Reynoldsovo ¢islo sa pocita pre priemernu teplotu
kvapaliny a vonkajsi priemer rurky.

Pri urceni tlakovej straty v rurkach, ktoré sa od seba liSia prie-
merom, a teda aj rychlostou prudenia, urci sa tlakova strata ako
sucet strat v jednotlivych usekoch.

To znamena, Ze ak je za sebou sériovo zapojenych dva alebo
viac vymennikov tepla (obr. 3), celkovu tlakovu stratu vypocCitame
zo vztahu (23).

Vi

Ap, Ap,

Ap,

KOMNIKOCIe

C O MMUNICATION:S

wD* wd3
H———n— 2 2
_4s 4 4 D" — nd,

7D + nd, - D+nd,’

(18)

where: n - number of tubes [-],
D - diameter of heat exchanger [m].

Laminar flow is (R, < 2300) in intertube diameter.

The coefficient of friction is determined from the relation (3).

The speed of fluid flow w (ms") is taken from the lowest
section between tubes.

In fluid flow perpendicular to the tubes bunch is the
resistance considered as the resistance composed of local
resistances. It is calculated from the relation:

2

Ap = 25% p

[Pa]. (19)

The proper coefficient of local resistance of the whole
exchanger can be gained from the relation for alternating tubes:
&= (4 + 6.6.m).R,~*%,

for S,/ dy < S,/ d (20)

forS,/d,>S;/d, &= (54+3.4mR, "%, 21

S \-023
for pipes in parallel: £ = (6 + 9.m) - j’ CR7%% (22)

where: m is number of tubes placed one by one in lining up in
flow direction. Speed refers to the lowest flow section
between tubes.
R, is calculated for the average temperature of fluid

outside diameter of the tube.

In determination of pressure loss in tubes which are different
from each other (diameter, flow speed), pressure loss is
determined as the total of losses in individual sections.

That means if two or more heat exchangers are connected in
Fig. 3 serial one by one, the total pressure loss is calculated by the
relation (23):

V;

Ap, Ap,

Obr. 3 Schéma sériového zapojenia vymennikov tepla
Fig. 3 Heat exchanger serial schematic diagram
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Ape=Ap, + Ap, + ... + Ap, [Pa], (23)
kde: Ap. - celkova tlakova strata [Pa],
Ap, - Aps - dizkov4 a miestna tlakova strata spojovacich

potrubi a vymennikov tepla.

Celkova tlakova strata vo vymennikoch sa pocita cez 1 rirku
(staci urCif preteCené mnozstvo a rychlost prudenia cez jednu
rurku). Ak su vymenniky zapojené paralelne (obr. 4) oznacuje sa
tlakova strata len cez jeden vymennik tepla (V;), presnejsie len cez
jednu rurku. Predpokladom vsak je, Ze oba vymenniky tepla su
rovnakej vel'kosti a konStrukcie. Vyslednu tlakovu stratu mozno
potom urcit podla vztahu (24).

Apc= Ap, + Ap, + Ap; + Ap, + Aps [Pa]. (24)

Ap-=Ap, + Ap, + ... + Ap, [Pa], (23)
where: Ap. - total pressure loss [Pa],
Ap, - Aps - length and local pressure loss of connecting

pipelines and heat exchangers.

Total pressure loss in exchangers is calculated through 1 tube
(it is enough to determine overflowing quantity and flow speed
through one tube).

If exchangers are connected in parallel (Fig.4), the pressure
loss is determined only through one heat exchanger (V)), to be
exact - only one tube. Supposing that both exchangers are the
same size and construction, the resultant pressure loss is
determined by the relation (24).

Apc=Ap, + Apy + Aps + Apy + Aps

[Pa]. (24)

V, |

Ap,
Ap

2

/ V1

\ Aps
Ap

4

Ap,

Obr. 4 Schéma paralelného zapojenia vymenikov tepla

Fig. 4 Connection of heat exchangers - parallel

Pomocou takto vypocitanej tlakovej straty mozeme potom
dimenzovat ventilator alebo Cerpadlo podla toho, aké médium
preteka vymennikom tepla.

Rychlost prudenia pretekajuceho média ma vplyv na inten-
zitu prenosu tepla a teda aj na velkost teplonosnej plochy, naklady
na tato plochu a prikony Cerpadla alebo ventilatora. Pri malej
rychlosti sa zmenSuje prikon a teda sa znizuju prevadzkové
naklady a zvdéSuje sa plocha vymennika tepla a investicné
naklady. Najvyhodnejsia rychlost z ekonomického hladiska je,
samozrejme, ta, pri ktorej sucet investicnych a prevadzkovych
nakladov dosahuje najnizsie hodnoty.

Recenzenti: J. Basta, K. Honner
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With pressure loss calculated like this a ventilator or pump
can be dimensioned, depending on what medium is flowing in the
exchanger.

The flow speed of the flowing medium has independence on
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for this surface, and pump and fan power inputs. In low speed,
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course that where the total of investment and operational costs
reaches the lowest values.

Reviewed by: J. Basta, K. Honner

CIKHART, J.: Vyméniky tepla v tepelnych sitich, SNTL Praha 1970
CIHELKA, J.: Vytapéni, vétrani a klimatizace, SNTL Praha 1985

KOLAR, V.: Hydraulika primyslovych armatur, SNTL Praha 1979

48 ¢ KOMUNIKACIE / COMMUNICATIONS 3/99



Peter Krissak - Igor Strazovec - Jozef Bozek *

KOMNIKOCIe

C O MMUNICATION:S

MERANIE HYDRAULICKEHO SYSTEMU

PROSTREDNICTVOM LABVIEW

THE MEASUREMENT OF CLOSE HYDROSTATIC CIRCUIT BY LABVIEW

Vo vicsine pripadov sa moze persondlny pocitac (PC) v priemysle
vyrovnat tradicnym meracim a riadiacim pristrojom, nezdleZiac na
type oddelenia, ktoré ho pouZije. Rozsiahla kapacita PC dovoluje
wtvdrat persondlne, flexibilné systéemy s vicsou moznostou imple-
mentdcie neZ tradicné nastroje. UZ raz vytvoreny systéem je lahké
upravit pre rozdielne aplikdcie bez zakupenia nového pristroja.
V predkladanom cldanku je prezentovany meraci system uzavretého
hydrostatického obvodu zaloZeny na persondlnom pocitaci a jeho sta-
tické a dynamické charakteristiky namerané prostrednictvom grafic-
kého programovacieho softvéru LabView.

1 Uvod

Meranie dat (DAQ) je jednou z moznosti pouzitia personalneho
pocitaca v laboratornom vyskume, v priemyselnom riadeni alebo tes-
tovani a merani. DAQ ponuka nespocitatelné mnozstvo aplikacii
s jedinou doskou vsunutou do PC. Velkou vyhodou je moznost
vyvinut aplikacie na spracovanie r6znych typov merani (ako nizke
a vysoké elektrické napatie, elektricky prud, napdtie, teplota, frek-
vencia a pod.), ktoré by boli len tazko uskutocnitelné tradicnymi
meracimi pristrojmi [3]. Ziskanie vysledkov z poCitacového systému
merania dat zavisi od kazdého z nasledovnych elementov:

e Snimace

Zariadenia na upravu signalu a kable pre prenos signalu
Hardvér pre meranie dat

Softvér pre hardware a aplikacny software

Personalny pocita¢

In most cases, the personal computer (PC) can emulate
traditional measurement and automation control instruments in
industry, no matter which departments use it. The PC’s extensive
capabilities enable to create personalized, flexible systems with more
possible implementations than traditional tools. Once a system is
created, it is easy to change it for different applications without buying
new equipment. In this paper, a computer based measurement system
of close hydrostatic circuit and its static and dynamic characteristics
acquired by application of LabView graphical programming software is
presented.

1 Introduction

Data acquisition (DAQ) is one possibility using a personal
computer for laboratory research, industrial control or test and
measurement. DAQ offers countless applications with one board
plugged into computer. The added benefits mean to develop
applications to make all types of measurement (such as low
voltage, high voltage, current, strain, temperature, frequency, etc.)
that would be difficult to implement with traditional measurement
hardware [3]. Obtaining results from PC based data acquisition
system depends on each of these system elements:

e Transducers

Signal Conditioning and Cables
Data acquisition (DAQ) hardware
Driver and application software

[ ]
[ ]
[ ]
o Personal computer

)|

3

Obr. 1 Priklad typického DAQ systému
Fig.1 The typical DAQ System

* Ing. Peter Krissak, doc. Ing. Igor Strazovec, PhD., Ing. Jozef Bozek

Department of Heat and Hydraulic Machines, Faculty of Mechanical Engineering, University of Zilina, Slovak Republic,
Phone: +421-89-513 2867, +421 0903 512 609, E-mail: peter_krissak@kths.utc.sk
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Na obr. 1 su znazornené elementy typického pocitaCového
systému pre meranie dat. Signaly prudiace do a z testovanej jed-
notky su prenesené prostrednictvom snimacov 1, zariadenia na
upravu signalu 2, kabel 3 a zasunutej DAQ dosky 4 do personal-
neho pocitaca 5, kde su spracované pre dalSiu analyzu.

2 Opis meranej sustavy

Merany hydraulicky systém zalozeny na pocitaci je zostaveny
z elementov, ktoré su znazornené na obr. 2. Hydrogenerator (3) je
pohanany dynamo - elektrickym pohonom (1, 2). Pracovna kva-
palina je v uzavretom obvode prendsana hadicami do hydromo-
tora (5), ktory je zafazovany brzdou Schenk (6). Servovalec (4)
meni vel'kost prietoku v hydrostatickom obvode. Snimace S3, S2
meraju kratiaci moment a vstupné otacky hydrogeneratora, S4 je
snima¢ polohy dosky hydrogeratora, S5 a S6 meraju tlak vo vyso-
kotlakovej a nizkotlakovej vetve uzavretého hydraulického obvodu,
S9 je snimac¢ vystupnych otacok hydromotora. Snimace S1, S7, S8
su porovnavacie snimace otacok hydromotora. Signaly zo snima-
¢ov prudia prostrednictvom kablov do zariadenia pre upravu sig-
nalov (7) prepojeného s personalnym pocitacom (8).

S5

Fig. 1 presents elements of the typical data acquisition
computer based measurement system. Signals flowing to and from
the unit under test are transfered through transducers 1, signal
conditioning 2, cable 3 and plug-in DAQ board 4 to computer 5
where they are processed for analysis.

2 Plant description

The computer based measurement of hydraulic system is
builtup from elements which are displayed in Fig. 2. The
hydraulic pump (3) is driven by dynamoelectric drive (1, 2). The
fluid is transfered by hoses in close circuit to the hydraulic motor
(5) which is loaded by brake Schenk (6). Servo-valve (4) changes
the volume of flow in close hydrostatic circuit. Sensors S2, S3
measure the input revolve and torque to hydraulic pump, S4 is
a displacement sensor for hydraulic pump plate, S5 and S6
measure pressure in the high and low pressure part of close
hydraulic circuit, S9 is output revolve sensor. Sensors S1, S7, S8
are comparison revolve sensors. Signals from sensors flow
through cables to signal conditioning (7) connected with
a personal computer (8).

b
S4 16

S7

S6
I[[mA]

1 Input n
o P

/51,2,3,4,5,6,7,8,9

oo ,,o0) =

[ N } =
.......<————ﬂ
o e e T -

> i“ — . R .
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Obr. 2 Meranie hydraulického systému zalozené na persondlnom pocitaci
Fig. 2 The computer based measurement of hydraulic system

Snimace konvertuji merané fyzikalne veliCiny (tlak, prietok,
teplota, otacky a pod.) na elektrické signaly vstupujice do mera-
cich pristrojov, zosilnovacov a pod., kde dochadza k iprave signalu.

Ako I/O zariadenie je pre meranie dat pouzita ISA autokonfi-
guracna doska AT-MIO-16E-10 [1], [3]. Technologia E série je stan-
dardna architektira pre Siroky rozsah aplikacnych poziadaviek.
Hlavné charakteristiky AT-MIO-16E-10 st vzorkovanie 100 kS/s,

Transducers convert measured values (pressure, overflow,
temperature, revolution, etc.) to input electricity signals of
measure equipment, amplifiers etc., where signals are modified.

ISA plug-in DAQ Board AT-MIO-16E-10 in used as a data
acquisition I/0O device [1], [3]. The E Series technology is
a standard architecture for a wide range of application
requirements. Main characteristics of AT-MIO-16E-10 are
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16 unipolarnych alebo 8 bipolarnych 12-bitovych analégovych
vstupov, dva 12- bitové analogové vystupy, digitalny trigger, dva 24-
bitové Citace/Casovace.

Softvér ma Siroky rozsah funkcionality od ovladaCov pre Spe-
cifické hardware zariadenia az po aplikacny software balik pre
vyvoj kompletného systému merania a automatizacie. National
Instruments NI-DAQ Driver Software je Castou servisnej vrstvy
merania a automatizacie, ktora integruje v§etky NI DAQ produkty.
NI-DAQ izoluje uzivatela od priameho Specifikovania prikazov pre
hardvér a poskytuje jednoduché, ale ucinné programovanie
Application Programming Interface (API). NI-DAQ API zaistuje
uplny pristup k funkciam hardware a zaistuje subeznu funkénost
vnutri a cez dosku. Pretoze funkcie DAQ hardvér su pristupné
prostrednictvom ovladaca, NI-DAQ je dolezity ako samotny
hardvér [3]. Ako aplikacny softvér je pouzity LabVIEW [4].
LabVIEW poskytuje intuitivne grafické programovacie prostredie
pri vysokej produktivite, idealnej pre simulaciu a rychle testovanie
myslienok. Je vhodny pre [udi neoboznamenych s tradicnymi pro-
gramovacimi technikami a kombinuje jednoduchu ovladatelnost
s flexibilitou vykonného programovacieho jazyka [2], [4].

3 Aplikacny program pre meranie hydraulického
systému

Po otvoreni LabVIEW sa objavi Cisty neoznaceny Celny panel.
Kazdy program obsahuje rovnaké toolbar prikazovych tlacidiel
a indikatorov stavu pre beh a ladenie virtualneho nastroja (VI).
Tiez obsahuje moznosti vyberu pisma a jeho upravy a nastroje pre
editovanie VI. Program sa tvori vyberom a prepojenim ikon
pomocou nastrojovej a editovacej palety. Celny panel moze obsa-
hovat numerické ovladace, Boolean vypinace, posuvné ovladace,
otacavé gombiky, grafy, indikatory a podobne.

Celny panel virtualneho pristroja (VI) pre meranie charakte-
ristik hydrostatického prevodu je znazorneny na obr. 3. Velkost
elektrického prudu do servoventila je regulovana prostrednictvom
ota¢avého gombika alebo nastavenim hodnoty pomocou prirast-
kovych tlacidiel digitalneho ovladaca v Casti A. V pripade pouzitia
ota¢avého gombika sa nastavend hodnota objavi aj v zobrazova-
com poli digitdlneho indikatora. Digitalny ovlada¢ pre vyber
meranych vstupnych kanalov prirastkovymi tlacidlami, digitalny
indikator vstupnych kanalov a digitalny indikator vystupného
kanala je v Casti B. Blok C ma vyznam z hladiska nastavenia rych-
losti generovania hodnot a Citania nameranych hodnot za
sekundu (Scan and update rate). Scan backlog informuje o pocte
dat ostavajucich v bufferi po ukonceni VI. Input a Output buffer
size urCuje velkost bufferov, do ktorych sa ukladaji namerané
a generované hodnoty. Nula znamena, Ze pre meranie je genero-
vana iba jedna perioda signalu. Velkost vstupného a vystupného
buffera, kde sa merané a generované hodnoty ukladaju, moze byt
menena prirastkovymi tlacidlami digitalnych ovladacov. Farby
a okamzité hodnoty napétia jednotlivych kanalov zobrazuje blok
E. Graf v Casti D zobrazuje priebeh meranych velicin jednotlivych
kanalov vo voltoch. Paleta F je urCena pre upravu grafu, pripadne
pre doplnenie informacii. MozZnosti upravy zahriuju legendu,
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sampling rate 100 kS/s, 16 single-ended or 8 differential 12-bit
analog inputs, two 12-bit analog outputs, digital trigger, two 24-bit
counters/timers.

The software has a broad range of functionality. From device
drivers of specific hardware interfaces to application software
packages for developing complete measure and automation systems.
The National Instruments NI-DAQ Driver Software is the portion of
the Measurement and Automation Services Layer that integrates all
NI's DAQ products. The NI-DAQ isolates user from the hardware-
specific register commands and it gives a simple yet powerful
programming Application Programming Interface (API). The
NI-DAQ API ensures comprehensive access to hardware functions
and delivers concurrent functionality within and across board.
Because the DAQ hardware functions are accessed through the
driver, NI-DAQ is as important as the hardware itself [ 3]. LabVIEW
[4] is used as a application software. LabVIEW offers intuitive
graphical programming environment for high productivity
development ideal for simulation and quick tests of ideas. It is good
for people not familiar with traditional programming techniques
and it combines easily the use of graphical development with
flexibility of powerful programming language [2], [4].

3 The application program for measurement
of hydraulic system

After the opening of LabVIEW, a blank, untitled front panel
appears. Each program contains the same toolbar of command
buttons and status indicators for running and debugging VIs. It
also contains font options and alignment and tools for editing VIs.
The program is produced by icons selected and connected with
tools and controls palette. The front panel can contain numeric
controls, Boolean switches, slide controls, knob controls, graphs
and indicators, etc.

The front panel of the virtual instrument (VI) for measure of
hydrostatic transmission characteristics is presented in Fig. 3.
Current intensity to the servo valve is regulated by knob control
or increment buttons of digital control in part 4. When knob
control is used, the current value is represented in digital control
as well. The digital control for the selection of the measured input
channels by increment buttons, input channels digital indicator
and output channel digital indicator is represented in part B.
Increment buttons of Scan and update rate digital control (part C)
set speed of generating values and reading measured values per
second. The Scan backlog represents the amount of data
remaining in the buffer after VI complete. Zero means that only
one period of signal is generated for the measure. The Input and
Output buffer size, where the measured and generated values are
stored, can be changed by increment buttons of digital controls.
Measured values appear in digital indicators (part E). The
selected color assignment to each measured channel is
represented in part E. The graph (part D) represents directly
measured values of individual channels in voltage. Part F is
a palette used to customize a graph to match own data display
requirements or to display more information. Features available
for graphs include a legend, zoom, a tool for rescale axes, etc. The
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Obr. 3 Celny panel virtudineho pristroja
Fig. 3 The front panel of virtual instrument
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Obr. 4 Blokovy diagram
Fig. 4 The block diagram
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lupu, nastavenie rozsahu suradnice X, y a pod. V bloku G sa nasta-
vuje frekvencia zvoleného periodického signalu. Blok H umoznuje
posunut stredni hodnotu, okolo ktorej kmita generovany signal
(nastavenie Offset). Vyber tvaru generovaného (sinus, pila, troj-
uholnik, obdiznik alebo konstantny signal) pontka blok I.
Tlacidlo Save to disk je urcené na zapis nameranych napdti po
ukonc¢eni behu programu na hard disk PC. Na zastavenie behu
programu, v ktoromkolvek okamihu, sluzi tlac¢idlo STOP.

Zaroven s celnym panelom sa vytvara blokovy diagram, ktory
je ekvivalentom programu. Pre kazdy objekt vloZzeny do ¢elného
panelu, existuje terminal zobrazeny v blokovom diagrame
(obr. 4). Terminaly su spolu spajané pre nazornost toku dat vnutri
blokového diagramu. Oznacenie vo vnutri terminalu hovori, aky
Ciselny format prechadza z prvku celného panela do terminalu
a cez neho dalej do blokového diagramu alebo naopak. Ciselny
format a jeho presnost je mozné menit na realne ¢islo, komplexné
Cislo, celé Cislo s jednoduchou alebo dvojnasobnou presnostou.
Terminal sa spaja s dal§imi prvkami (operatormi, konStantami
a pod.) Pre plnohodnotnu funkciu programu je potrebné pouzit
do blokového diagramu aj podprogramy SubVI, ktoré si nezavis-
lymi programami prepojenymi konektorom. V nasom programe su
pouzité SubVI, ktorych tuloha je nasledovna:

o Al Config konfiguruje analégové vstupné operacie pre Specifi-
kovanu skupinu kanalov (poéet a skupinu kanalov, limity
napdtia, zosilnenie). Tento VI konfiguruje hardvér a vyhradi
bufer pre buferované vstupné operacie.

o AO Config konfiguruje vystupné kanaly, limity napatia a vel'kost
buferu pre analogové vystupné operacie.

o Al Start nastavuje skenovaciu rychlost, pocet skenov na jedno
meranie, trigerovacie podmienky (pouZzitie externého spustacie-
ho signalu) a nasledne spusti meranie. V nasom pripade boli
ponechané predvolené hodnoty: meranie bez trigerovania, konti-
nualne meranie bez obmedzenia poctu skenov na jedno meranie.

® A0 Start vyberie nastavené hodnoty napitia z vyrovnavacej
pamdte, nastavi rovnaku zapisovaciu rychlost ako Al Start
a potom spusti generovanie riadiaceho signalu.

® Al Read cita zadany pocCet dat zo vstupného buferu. V nasom
pripade Cita AI Read 1000 hodnot zo vstupného buferu.

o Al Clear a AO Clear vyprazdnia po ukonceni merania vstupné
a vystupné ulohy spojené z taskID.

e Spravny smer behu programu je zabezpeCeny pomocou identi-
fikatora taskID, ktorym su spojené SubVI patriace jednému
typu ulohy (Al, AO...). Kazdy SubVI mozZe zacCat pracovat az
vtedy, ak ma na svojich vstupoch platné data. Paralelne mozu
pracovat rozne typy uloh, ale v danom type tlohy musia jednot-
livé SubVI pracovat sériovo, napriklad SubVI Al Start zacne
pracovat az po ukonceni ¢innosti A/ Config, ¢o je zabezpecené
prave identifikatorom taskID.

e FError oznami, ak sa pocas behu programu vyskytne chyba pri
prekroceni limitnych podmienok, pri zapise na disk a pod.

4 Experimentalne vysledky

Na obr. 5 a obr. 6 st uvedené priklady nameranych statickych
charakteristik hydraulického systému. Vpravo je zachyteny vztah
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frequency of periodic signal is selected in part G. Part H enables
to slide median around generated signal is oscilated (offset
setting). The waveform of the generated signal (sine wave,
sawtooth, triangle wave, square wave or constant signal) is offered
in part I. Measured values are written, after completion of
program run, to the PC memory by option of Save to Disk
rectangular button. The Stop rectangular button attends on stop of
running program in any time.

The front panel has an accompanying block diagram which is
the equivalent of a program. For each object that is inserted into
the front panel, there exists a terminal displayed in the block
diagram (Fig.4). Terminals are wired together to show the flow of
data within the block diagram. The quotation inside of terminals
means the type of data format which flow from the component of
front panel through the terminal to the block diagram or vice versa.
It is possible to change the data format and its precision and it can
be real number, complex number or integer with simple or double
precision. The terminal is connected with other components such
as operator, constant, etc. For full-valued function of the program,
it is necessary to use subroutines (SubVI) in a block diagram.
SubVI are independent programs connected by the connector.
Subroutines used in our virtual instrument to measure the static
characteristic have the following significance:

e Al Config configures an analog input operation for a specified
set of channels (number and group of channels, limits of
voltage, gain). This VI configures the hardware and allocates
a buffer for a buffered analog input operation.

e AO Config configures the output channel list, limits of voltage
and allocates a buffer for analog output operation.

o Al Start sets the scan rate, the number of scans to acquire and
the trigger conditions (external start signal) and then starts an
acquisition. We use default values: continuous acquisition
without the trigger and limitation the number of scans per one
measurement.

® AO Start sets the update rate and then starts the generation of
control signal.

® Al Read reads given data from a buffered data acquisition. In
our case Al Read reads 1000 values of data from input buffer.

o Al Clear and AO Clear clears the analog input and output task
associated with taskID.

o The identificator faskID connects group SubVI just to one kind
of task (Al, AO...). Each SubVI starts the run only in case of
valid data on input and the identificator faskID ensures the run
of Sub VI in serial mode (SubVI Al Start starts the run after
finish of process Al Config). Parallel running is accepted for
different kind of tasks.

e FError informs the user if an error appears during the run of
program (overrun limits conditions, corrupt save to disk, etc.).

4 Experimental results
Figure 5 and Figure 6 present examples of measured static

characteristics of hydraulic system. On the right side is the
relation between the rate of maximum output revolution and the
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Obr. 5 Charakteristika tlakov
Fig. 5 Pressure characteristics

medzi vystupnymi otakami hydromotora n, meranymi snima-
¢om S9 a vstupnym elektrickym priadom I [mA]. Graf vlavo
reprezentuje pomer maximalneho tlaku s tlakmi p; a p, vo vyso-
kotlakovej a nizkotlakovej Casti obvodu v zavislosti od vstupného
elektrického prudu I [mA]. Meranie bolo vykonané pri vstupnych
otackach hydrogeneratora 1450 min!. Vstupny elektricky prud sa
menil po 20 mA v rozmedzi +120 mA az -120 mA (krivky prelo-
Zené bodmi) a -120 mA az +120 mA (krivky bez preloZzenych
bodov). Vysledky ukazuju uspokojivi zhodu s hodnotami mera-
nymi pristrojmi v minulosti [5], [6].

Obr. 7 a obr. 8 reprezentuju grafické priklady meranych dyna-
mickych charakteristik hydraulického systému. Na prvom je
odozva hydraulického systému na sinusovy signal. Znazornené su
priebehy tlakov p; a p,, vystupnych otacok hydromotora n,
a polohy dosky hydrogeneratora «. Meranie bolo vykonané pri
vstupnych otackach hydrogeneratora 1450 min’!, vstupnom prude
+20 mA a frekvencii 0,2 Hz. Nasledujuci graf reprezentuje odozvu

Obr. 6 Otdckova charakteristika
Fig. 6 The revolution characteristic

output revolution n,, measured by sensor S9, and the input
current I [mA]. The graph on the left represents the rate of
maximum pressure and pressures p; and p, with an input current
I [mA]. The measurement was taken under input hydraulic pump
revolve 1450 min™'. The input current was changed from +120 mA
t0 -120 mA (curves with points) and -120 mA to +120 mA (curves
without points) in 20 mA intervals. Results show satisfactory
comparison with values measured by traditional instruments in
the past [5], [6].

Figure 7 and Figure 8 present graph examples of measured
dynamic characteristics of the hydraulic system. The first is the
sine wave response of the hydraulic system. Present are pressures
p; and p,, output revolutions of hydromotor and pump plate
displacement «. The measurement was taken under input
hydraulic pump revolve 1450 min!, input current +20 mA,
frequency 0.2 Hz. The second graph represents the step response

p2

(0

n2

Obr. 7 Odozva hydraulického systému na sinusovy signdl
Fig. 7 The sine wave response of hydraulic system
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Obr. 8 Odozva hydraulického systému na jednotkovy skok
Fig. 8 The step response of hydraulic system

na jednotkovy skok. Meranie bolo vykonané pri vstupnych otac-
kach hydrogeneratora 1450 min’, vstupnom prude - 85 mA a frek-
vencii 0,05 Hz. Vysledky si podkladom pre analyzu hydraulického
systému a pripravu riadiaceho programu v prostredi LabVIEW.

5 Zavery

Dnesny personalny pocitac sa stava vykonnym, viacucelovym
laboratornym nastrojom, ktory moézZe nahradit drahé, zastaralé
a poruchové zariadenie. V uvedenom clanku je opisana jedna
z mozZnosti pouzitia softvéru produktu LabVIEW spolo¢nosti
National Instrument na meranie tlaku hydraulického systému,
vstupnych a vystupnych otacok a polohy dosky hydrogeneratora.
Vdaka pocitacovo zaloZzenému systému merania je rieSenie presne
prisposobené potrebam daného meraného systému s rychlou
a jednoduchou moznosfou zmeny parametrov. Je tieZz mozné
zostavit nespocitatelné mnozstvo pristrojov. LabVIEW sa stava
v laboratériu pomockou, ktora v porovnani s tradiénym spésobom
merania zvySuje produktivitu experimentovania. Tento ¢lanok je
sucastou grantovej tlohy VEGA No.1/4268/97.

Recenzenti: F Drkal, K. Honner
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of hydraulic system. The measurement was taken under input
hydraulic pump revolve 1450 min’', input current -85 mA and
frequency 0.2 Hz. Results are base for analysis of hydraulic system
and preparation of LabVIEW control program.

5 Conclusions

Today, the personal computer has become a powerful,
multipurpose laboratory tool that can replace expensive, outdated,
easily broken equipment. This paper described one of the
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ANALYZA CASH FLOW RIECNE]J NAKLADNE] LODE
PROJEKTOVANE]J PRE MOZNOST TLACENIA CLNOV

CASH FLOW ANALYSIS OF RIVER CARGO SHIP

PROJECTED FOR POSSIBILITY OF PUSHING TOWAGE

Prispevok sa zaoberd analyzou cash flow riecnej ndkladnej lode
vo vztahu k technickym parametrom pri soélo plavbe, ako aj v konfi-
gurdcidch s ¢lnmi DE. Vstupom je koncepcia pohonu pre dosiahnu-
telné rychlosti na analyzu ACF lode pocas nasadenia na dani
plavebnii reldaciu. Vyhodnotené vysledky analyz obratovosti a vysled-
ného ACF plavidla, ako aj siilodia MNL + ¢In DE pri zadanych
ndkladovych tarifich, a to v zavislosti od stavebnej ceny lode.

1. Uvod

Pri projektovej priprave nakladnej lode pre europske vodné
cesty v Slovenskych lodeniciach, a. s., Komarno bolo potrebné
riesit jej ekonomicku efektivnost vo vztahu k stavebnej cene, pre-
vadzkovému nasadeniu a rieseniu propulzie [1]. Studia [2] bola
vysledkom uzkej spoluprace lodenic, prevadzkovatela - Slovenska
plavba a pristavy, a. s., Bratislava, VUD Bratislava a univerzitnych
pracovisk STU v Bratislave a ZU v Ziline. Posudzovanie efektiv-
nosti nakladnej lode je komplexna technicko-ekonomicka problem
atika, ktora odraza vplyv technického rieSenia na cash flow plavid-
la na zadanych plavebnych relaciach [3].

This work deals with river cargo ship analysis of effectiveness
relating to technical parameters of single navigation and in
configuration with barges DE. Input comes from the propulsion
conception for reachable speeds for ACF of the ship analysis during the
ordering for a specific relation. Evaluated are results of rate of turnover
and final ACF of the vessel, as well as analyses of a group of vessels by
specific freight rates independent of the building price of the ship.

1. Introduction

For the cargo ship project prepared for European waterways in
Slovak Shipyard, Komarno, it was necessary to solve its economic
effectiveness in relation to building price, operation and propulsion
design [1]. Study [2] was the result of close cooperation of
shipyards, operator - Slovak Navigation and Ports (SPaP),
Transport Research Institute (VUD) and workplaces of the Slovak
University of Technology and University of Zilina. Effectiveness
considerations of cargo ship are complex technical and economic
problems that reflect the influence of technical solutions with the
cash flow of the vessel at specific navigating routes [3].

[l =T -]

=

Obr. 1 Celkova dispozicia riecnej ndakladnej lode Danubius [4]
Fig. 1 Complete disposition of river cargo ship Danubius [4]
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2. Navrhové rychlosti

Na vyhodnotenie obratovosti a prepravnej kapacity je treba
poznat prevadzkovi rychlost plavidla na predpokladanych
vodnych cestach v spojitosti so stavom nalozenia plavidla a para-
metrami vykonu a propulzie. Pretoze islo o projektované plavidlo,
bolo potrebné vyhodnotit aj otazku volby poctu vrtdl, resp.
motorov, ako aj hlavné parametre propulzie v ivodnom §tadiu pro-
jektovania [3], ¢o vyustilo do kone¢ného navrhu pohonu. Hlavné
technické charakteristiky a usporiadanie projektovaného plavidla
je mozné najst v prispevku [4].

FPlavebna char.

TCw,  Mi=—const2> PREURCEHA
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2. Design speeds

For the evaluation of the rate of turnover and transport capacity
it is necessary to know the operational speed of the vessel at
presumed waterways in context with the condition of the load of the
vessel and the parameters of power and propulsion. As we
considered the designed vessel, it was also necessary to evaluate in
the first part of the projection [3] the query of the number of
propellers (or engines) and also the main parameters of propulsion.
That evaluating has led to the final project of ship propulsion. The
main technical characteristics and arrangement of the designed
vessel can be found in [4].
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Obr. 2 Plavebnd charakteristika a urcenie ndvrhovej rychlosti na hibke 20 m
Fig. 2 Navigation characteristic and design speed estimation at depth 20 m

Vypodet rychlosti dosahovanej na hibke 20 m, ¢o uz mozno
prakticky povazovat za neobmedzent rychlost, je vidiet podla pla-
vebnej charakteristiky na obr. 2. Dosiahnutelné rychlosti pre jed-
novrtulovy variant pre hriadelovy vykon 950 kW s motorom

Speed calculation at depth 20 m (practically considered as an
unlimited speed) can be seen as a navigation characteristic in
Fig. 2. Achieved speeds for single-propeller variant for shaft power
950 kW with Deutz engine and for double-propeller variant

18

16,8

17 76,4

15,4

16

@ED=1,4m

15

ED=1,7m

14 -

Oh=5m

13 A

Oh=20m

12

11 A

10

km/h MNL MNL+1DE

MNL+1DE MNL+3DE

Obr. 3 Rychlosti pre niektoré konfigurdcie lode, resp. lod' + ¢ln [3]
Fig. 3 Speeds for some ship + barge configurations [3]

KOMUNIKACIE / COMMUNICATIONS 3/99 o 37



[OVINIKOCIE

C O MMUNICATION:S

Deutz a pre dvojvrtulovy variant 2 x 436 kW s motormi
Caterpillar su zhrnuté v nasledujucom diagrame obr.3 [2].

3. Analyza cash flow

Strukttira vyhodnotenia ekonomickej efektivnosti a ziskovosti
prevadzky plavidla v zasade vychadza z obvyklych charakterovych
studii pouzivanych na bilancovanie efektivnosti namornych lodi
v projekénom §tadiu pre finanéné ucely v lodeniciach. Zostavena
metodika je zavisla od plavebnej relacie - trasy s predpokladanymi
tovarovymi prudmi. Moznosti a objemy prepokladanych preprav
tovarov st vysledkom marketingového prieskumu VUD Bratislava.
Ide o plavebné smery po Dunaji medzi Bratislavou a zapadnou
Eurdpou a Bratislavou a Ciernym morom (ako aj spit). Z tohto
hladiska bolo zadanych pét plavebnych tras aj s prepokladanymi
perspektivnymi druhmi tovarovych pradov, ktorych priklad je
v nasledujucej tabulke 1.

2x436 kW with Caterpillar engines are summarized in the
following diagram Fig.3 [2].

3. Cash flow analysis

The structure of evaluating the economic effectiveness and
profitability of vessel operation principally issues from the usual
feasibility studies. These are used for evaluating the effectiveness
of seaworthy ships in projecting times in shipyards for financial
purposes. Designed methods depend on navigating relation -the
route with presumed goods flows. Possibilities and capacities of
presumed transports of goods are the results of marketing
research of VUD Bratislava. It concerns the navigating routes on
the Danube between Bratislava and western Europe, Bratislava
and the Black Sea and back. From this view, 5 navigating routes
were ordered with presumed perspective kinds of goods flows
(example in Table 1).

Priklad tras a predpokladané druhy tovarov Tab. 1
Trasa Kod Vzdialenost Druh tovarov
Bratislava - Rotterdam - Bratislava BRB 1620 km hutny material, ruda, chemikalie, TEU
Bratislava - Nurnberg - Bratislava BNB 645 km hromadné naklady, Ro-Ro
Bratislava - Constanca - Bratislava BCB 1640 km hut. a valc. mat., ruda, TEU, tek. substr.
Bratislava - Vidin - Bratislava BVB 1076 km Ro-Ro, TEU
Bratislava - Osijek - Bratislava BOB 503 km chemické substraty
Routes and presumed kinds of goods example Tab. 1
Route Code Distance Kind of goods
Bratislava - Rotterdam - Bratislava BRB 1620 km metallurgic material, ore, chemicals, TEU
Bratislava - Niirnberg - Bratislava BNB 645 km bulk cargo, Ro-Ro
Bratislava - Constanca - Bratislava BCB 1640 km metal. a roller mat., ore, TEU, liq. bulk cargo
Bratislava - Vidin - Bratislava BVB 1076 km Ro-Ro, TEU
Bratislava - Osijek - Bratislava BOB 503 km chemical cargo

Vychodiskovymi parametrami analyz efektivnosti su pre-
pravné tarify (FR) pre zadané predpokladané plavebné relacie
a druhy tovarov. Ich velkosti sa tu bert ako zadané, zodpovedaj-
uce sucasnému stavu prepravnych tarif. Priklad je vidief na
tabulke 3 a celkove v [1].

Strukturalne cely vypocet SEAKEY CARGO SHIP ECONO-
MICS pozostava z dvoch sekcii a je znazorneny v nasledujucej
tabul'ke 2. Prva sekcia sa tyka identifikacie lode a pripadne ¢lnov,
ich technickych udajov a cien, trasy a operacnych dob - prva
strana. Druha sekcia je vlastny vypocet efektivnosti - vSetky
ostatné strany. Tato sekcia sa sklada z dvoch casti, a to z vypoctu
efektivnosti v prvom roku nasadenia lode do prevadzky a vypoctu
akumulovaného Cash Flow (ACF) pocas desiatich rokov pre-
vadzky. Struktira prijmov a vydavkov sa zachovava podla prvého
roku, pritom prijmy a vydavky st prepocitané cez samostatné
miery inflacie. Struktura kapitalovych vydavkov vychadzala z rov-
nakych predpokladov: predbezné naklady su nulové, pozicka na

The initial parameters of effectiveness analyses are freight
rates (FR) for presumed navigating routes and kinds of goods.
The specific sizes freight rates are taken as they reply to the
contemporary state of freight rates in common. An example can
be seen in Table 3, summarized in [1].

Structurally, calculation SEAKEY CARGO SHIP ECONO-
MICS consists of 2 sections (demonstrated in following Table 2).
The first section concerns ship identification; if any barges, their
main particulars and prices, route and operating days. This is
shown at the first page. The second section is the effectiveness
calculation. This is shown at the other pages. This section consists
of 2 parts: first year effectiveness calculation of ship operation
and Accumulated Cash Flow (ACF) calculation during 10
operating years. The structure is preserved according to the first
year, while income and costs are recounted through separated
inflation rates. Capital costs structure are issued from the same
presumptions: preliminary costs are zero, loan for the ship covers

D8 ¢ KOMUNIKACIE / COMMUNICATIONS 3/99



lod’ je na celu hodnotu ceny pri 10 %-nom roénom zurocovani
s dobou splatnosti 10 rokov. Odpisové sadzby sa tykaju lode aj
Clnov. Operacné doby su Statistické udaje, ktoré vychadzali zo
sucasného prehladu prevadzky Divizie riecnej dopravy SPaP.
Kanalové poplatky zahinali poplatky za plavbu kanalizovanymi
usekmi. Tieto sa vzfahovali k tone prepravovaného nakladu a pri
TEU a Ro-Ro ku kusom. Pre metodiku vypoctu potom vsetky vstu-
povali jednotne vo vzfahu k tonam.

Z dovodu operativnosti a rychlych prepoctov bol cely priebeh
vypoctu efektivnosti zostaveny pomocou tabulkového procesoru
Lotus 1-2-3(.wk4) /Excel(.xlw) do tabuliek. Tym boli vygenero-
vané subory, ktorych oznacenie pre prehladnost uvadzané v hla-
vicke vychadza z nazvu prislusnej trasy a prislusnej konfiguracie,
napr. brb_0.wk4 (MNL solo Bratislava - Rotterdam - Bratislava)
alebo bcb_3k.wk4 a podobne [3]. Vypocet ACF za 10 rokov
vychadza z ceny lode 4 mil. USD pre vSetky pripady tras a konfi-
guracii a pri 75 %-nom vytaZeni plavidiel. Ro¢na kapacita zodpo-
veda plnému vytaZeniu plavidiel - tabul'ka 2 a diagramy na obr. 4.
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the whole amount of the price with interest 10 % p.a. with expire
date 10 years. Depreciation rates concern both ship and barges.
Operating days are statistic data that is issued from the present
summary of operation of River Transport Division of SPaP.
Channel dues cover dues for sailing through the channel leg.
These are related to the tonage of shipping cargo and for TEU and
Ro-Ro to cargo unit. For calculation methods all of them enter
consistently in relation to tons.

To be operative and to get quick calculations the whole course
of effectiveness calculation is made up by means of spreadsheet
Lotus 1-2-3(.wk4) /Excel(.xIw). There were files created and for a
better view their denotation in the heading issues from the
relevant route and relevant configuration, e.g. brb_0.wk4 (MNL
solo Bratislava-Rotterdam-Bratislava) and so on [3]. ACF
calculation in 10 years issues from ship size 4 million USD for
every case of routes and configurations and for load factor 75 %.
Annual capacity replies to full loading - Tab. 2 and diagrams
in Fig. 4.

Analyza CF nakladnej lode s jednym ¢lnom na trase Bratislava - Roterdam a spét Tab. 2
CF analysis of cargo ship with 1 barge at route Bratislava - Roterdam and back Tab. 2
SEAKEY CARGO SHIP ECONOMICS brb 1.xlw
SHIP IDENTIFIKATION: River cargo ship 2200 t Project 90-12/309
SHIP MAIN PARTICULARS: River cargo ship 2200 t
TECHNICKE UDAJE LODE:
Deadweight: 2500 ton Propulsion Power: 1125 kW
Cargo Payload: 2200 ton Averg. speed: 19 kmph
Gross Tonnage: 2200 GT Auxiliary Power: 260 kW
Length AO: 109.5 m Currency: M USD
Beam: 114 m Building Price: 5.5 MUSD
Draught: 27 m Start of Operat.: 1998
534658
BARGE MAIN PARTICULARS: DEIIb
Cargo Payload: 1600 ton Number: 1
Length AO: 76.5 m
Beam: 11.3 m Actual price: 0.2 MUSD
Total Cargo Payload: 1600 ton Total price: 0.2 MUSD
CARGO CAPACITY Number of Units Unit Volume Unit Weight ~ Cargo Volume Cargo Weight USD/ton
FREIGHT RATE
Cargol: GeneralCargo 1 2200 2200 26.3
Cargo2: 1 1600 1600 26.3
Cargo3:
Cargo4:
Total Cargo Payload: 3800 t
FREIGHT RATE (AVRG): 26.30 USD/ton
KOMUNIKACIE / COMMUNICATIONS 3/99 o 30
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ROUTE AND SCHEDULE:

Bratislava - Rotterdam - Bratislava

Operating days per year.: 364 days Distance: 1620 km
Schedule ouT BACK TRIP
Average Speed: 12 km.p.h. 13 km.p.h 12.5 km.p.h
Time at River: 135.0 hours 124.6 hours 259.6 hours
Time at Ports: 120.0 hours 120.0 hours 240.0 hours
Time at Home: 72.0 hours 72.0 hours 144.0 hours
Time per Leg: 327.0 hours 316.6 hours 643.6 hours
Operating Days: 13.6 days 13.2 days 26.8 days
Number of trips: 13.6 per year 13.6 per year 13.6 per year
Cargo per year: 51579 ton 51579 ton 103157 ton
SEAKEY CARGO SHIP ECONOMICS Cargo Revenue
CARGO LOAD FACTORS AND FARES in USD 1998
Category ouT BACK
FR[USD/t] LF% USD/unit FR[USD/t] LF% USD/unit
Cargol: General Cargo 26.3 75 43 395 26.3 75 43 395
Cargo2: 26.3 75 31 560 26.3 75 31 560
Cargo3:
Cargo4:
Total Cargo 74 955 74 955
CARGO UNITS CARRIED PER YEAR 1998
OouT BACK AVRG TOTAL
per Trip Total per Trip per Trip
Cargol: General Cargo 0.75 10.2 0.75 10.2 20.4
Cargo2: 0.75 10.2 0.75 10.2 20.4
Cargo3:
Cargo4:
Total Cargo 20.4 20.4 40.7
FREIGHT REVENUE OouT BACK TOTAL
PER YEAR tons USD tons USD tons USD
Cargol: 22 396 589 014 22 396 589 014 44792 1178 029
Cargo2: 16 288 428 374 16 288 428 374 32576 856 748
Cargo3:
Cargo4:
CARGO GROSS REVENUE: 38 684 1017 388 38 684 1017 388 77 368 2034 777
COST OF SALES
ouT BACK TOTAL
Fare Dilution %
Commisions % 3 30522 30 522 61 043
Advertising %
Total Cost of Sales 3 30522 30 522 61 043
CARGO NET REVENUE: 986 867 986 867 1973734
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Operating Expenses

SHIP PERSONNEL PAYROLL Onboard Ashore An.Salary Soc.cost % Payroll
Deck and Engine Officers: 2 1 5400 38 22 356
Crew: 4 1.5 2700 38 20 493
Additional Crew Repair
Total Payroll 6 2.5 42 849
CONSUMABLES AND SUPPLIES USD/dayman USD/trip
Provisions 37 4621 62 728
Hotelsupply
Total Consumables and Supplies 4621 62 728
PORT, CHANNEL CHARGES AND CARGO Ports/Leg USD/GRT USD/Unit
HANDLING
Dues and Charges 1 0.8 47778
Cargo Handling 1 0.4 30 947
Channel Dues 1 2.32 179 494
Total Port, Channel,..Costs 258 219
BUNKER AND LUB. OIL At River At Port FO LO
Load % kW Load% kW g/kWh g/kWh
Propulsion Out 85 956 200 1
Back 85 956 200 1
Aux.Power Avrg. 50 130 60 156 210 1
Total Consumption Ton/trip Ton/year USD/ton USD
Propulsion 49.7 673.9 180 121 308
Aux.Power 28.2 382.4 180 68 831
Boilers 180
Lub.Oil 0.2 3.4 1000 3370
Total Bunk.& Lub.Oil 193 509
SHIP EXPENSES % of.brg.p. % of.ship.p. BARGE SHIP
Maintance 0.7 0.7 1 400 38 500
Insurance 0.5 0.5 1 000 27 500
Other
Total Ship Expenses 2 400 66 000
SHORE SIDE EXPENSES Pers. No. 7
% % BARGE SHIP
Wages
Social cost
Office cost
Administration 10 10 240 62 330
Total Shore Side Expenses 240 62 330
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SEAKEY CARGO SHIP ECONOMICS
SUMMARY OF OPER. INCOME AND COSTS

Profitability of Operation

Evaluated year:

Cargo total:

1998
77 368 tons per year

CARGO REVENUE Freight Rate Total Income
Cargo Gross Revenue 49 970 2034777
Cost of Sales 1499 61 043
CARGO NET REVENUE: 48 471 1973734
OPERATING EXPENSES
Daily Running Costs: Payroll 1052 42 849
Ship Expenses 1680 68 400
Total Daily Running Costs 21732 111 249
Voyage costs: Bunker & Lub. Oil 4752 193 509
Consumables and Supplies 1 540 62 728
Port & Cargo Handling 6 341 258 219
Total Voyages Costs: 12 634 514 456
Total Shore Side Expenses 1537 62 570
TOTAL OPERATING EXPENSES: 16 903 688 275
OPERATING INCOME 31 568 1285 458
CAPITAL COST ESTIMATE SHIP BARGES
Newbuilding Price: 5.5 MUSD 0.2 MUSD
LOAN Amount Interest Depreciation First Year
years % of price % Cost/year Years Cost/year cost
SHIP 10 100 10 550 000 15 187 000 737 000
BARGE 15 13 800 13 800
CAPITAL COST: 100 550 000 200 800 750 800
FIRST YEAR CASH BALANCE per cargo unit
OPERATING INCOME 31 568 1285 458
FIRST YEAR CAPITAL COST 18 438 750 800
NET CASH FLOW (first year) 13130 534 658
FREIGHT RATE 49 970 | USD per cargo unit
26.3 | USD per ton
TIME CHARTER RATE 73 599 [ USD per operating day
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SEAKEY CARGO SHIP ECONOMICS Cash Flow Calculation
Annual inflation rates Average load factor
Income: 2% Cargo: 75 %
Costs: 2%
ANNUAL CASH FLOW
Year 1997 1998 1999 2000 2001
Income 1 1.02 1.04 1.06
Costs 1 1.02 1.04 1.06
Oper. Revenue - 1973 734 2013 208 2053 472 2094 542
Oper. Expense - 688 275 702 041 716 082 730 403
Operating Income - 1 285 458 1 311 167 1337 391 1364 139
Capital Costs:
Loan - Amount 5500 000 4950 000 4 400 000 3850 000
Payment 550 000 550 000 550 000 550 000
Interest 550 000 495 000 440 000 385000
Depreciation Ship 187 000 379 500 379 500 379 500
Barge 13 800 13 800 13 800 13 800
Prepayments:
Amount
Interest
TOTAL CAPITAL COSTS 750 800 888 300 833 300 778 300
Start Up Cost.etc
Net CashFlow: - 534 658 422 867 504 091 585839
Accumulated CF 534 658 957 526 1 461 617 2 047 455
Year 2002 2003 2004 2005 2006 2007
Income 1.08 1.10 L.13 115 1.17 1.20
Costs 1.08 1.10 113 115 1.17 1.20
Operating Revenue 2136 433 2179 161 2222 745 2267 200 2 312 544 2358 794
Operating Expense 745 011 759 912 715 110 790 612 806 424 822 553
Operating Income 1391 421 1 419 250 1 447 635 1 476 588 1506 119 1536 242
Capital Costs:
Loan - Amount 3 300 000 2 750 000 2200 000 1 650 000 1 100 000 550 000
Payment 550 000 550 000 550 000 550 000 550 000 550 000
Interest 330 000 275 000 220 000 165 000 110 000 55000
Depreciation Ship 379 500 379 500 379 500 379 500 379 500 379 500
Barge 13 800 13 800 13 800 13 800 13 800 13 800
Prepayments:
Amount
Interest
TOTAL CAPITAL COSTS 723 300 668 300 613 300 558 300 503 300 448 300
Start Up Cost. etc
Net CashFlow: 668 121 750 950 834 335 918 288 1002 819 1087 942
Accumulated CF 2715 577 3 466 527 4300 861 5219 149 6 221 968 7 309 910
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Trasy, prepravné kapacity a ACF Tab. 3
Trasa Subor Roc¢na Roc¢na Priemerné ACF po
zostava kapacita [t] navratnost FR [USD/t] 10 r. [MUSD]
Bratislava - Rotterdam - Bratislava
MNL, hromadny naklad BRB_0 63250t 14,4 26,30 2,62
MNL, TEU transport BRB_0K 61990 t 14,4 43,25 10,40
MNL + 1 ¢In DE, hromadny naklad BRB_1 103160 t 13,6 26,30 9,33

Routes, transport capacity and ACF Tab. 3
Route File Capacity per | Returns at Average FR ACF after
configuration year [t] year [USD/t] 10y [MUSD]
Bratislava - Rotterdam - Bratislava
MNL, general cargo BRB_0 63250t 14.4 26.30 2.62
MNL, TEU transport BRB_0K 61990 t 144 43.25 10.40
MNL + 1 barge DE, general cargo BRB_1 103160 t 13.6 26.30 9.33

ACF [MUSD] MNL alone after 10 years

ACF [MUSD]

MNL+1DE 9,33
MNLwith TEU 10,4
MNL :
' 0 . . . . .
3 3,5 4 4, 5 55
15 Building price v MUSD
Obr. 4 ACF v MUSD pocas 10 rokov na trase Bratislava - Rotterdam - Bratislava
Fig.4 ACF in MUSD for 10 years at the route Bratislava - Rotterdam - Bratislava
4. Zhrnutie 4. Conclusions
Analyza cash flow preprav umoznuje urcovat vynosnost pla- Transportation cash flow analysis facilitates determine the

vidla, resp. sulodia pre zadanu plavebnu relaciu a predpokladané | rate of return determining of ship or group of vessels for the
tovarové prudy. Tu uvedené vysledky pre jednotlivé trasy zodpo- | navigating route and presumed goods flows. The mentioned

Operating Expenses [USD]
Thousands
0 100 200 300

Total Cost of Sales [— 61043
Total Payroll [— 42849
Total Consumables and Supplies [— 62728

Total Port, Channel,..Costs [— 258219

Total Bunk.& Lub.Oil f— 193509

Total Ship Expenses [— 66000
Total shore side expenses — 62330

Obr. 5 Struktiira previdzkovych ndkladov MNL + IDE na trase Bratislava - Rotterdam - Bratislava
Fig. 5 Structure of operating expenses of MNL + IDE vessel at the route B-R-B.
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vedaju zadanym konkrétnym vstupnym udajom usporiadanym
v polozkach tabuliek. V pripade odliSnych hodnoét je potrebné
uskutocnif nové prepocty, ¢o vsak zostavené modely jednoducho
umoznuju. ACF preprav je silne zavisly od prepravnej relacie
a prepravnych sadzieb. Vseobecne je vidiet na diagramoch obr. 4,
Ze pri vhodnom nasadeni bude plavidlo vynosné pri konkurencie-
schopnej cene pohybujicej sa okolo 3 - 4 mil. USD.

Cash flow lode je podmieneny obratovostou. Obratovost
zavisi od operacnej rychlosti a od dalSich dob potrebnych na pre-
kladku, udrzbu a pod. To sucasne potvrdzuje opravnenost pro-
jektu na moznost tlaCenia a vyvdzovania Clnov do sulodia,
pouZzitie lamaného spriahla a s tym suvisiace dimenzovanie pro-
pulzno-kormidelného systému.

Recenzenti: J. Klepoch, P Zarnay

References
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results reply to concrete input data arranged in the tables. In the
case of different values, it’s necessary to realize new recounts the
compiled models allow for. Freight ACF strongly depends on
freight route and FR. Fig.4 shows that by acceptable ordering the
vessel will be profitable at the price 3-4 million USD.

The cash flow of the ship is a condition of the rate of
turnover. It depends on the operating speed and on other times
(cargo handling, maintenance etc.). It confirms the entitleness of
the project on the possibility of pushing towage and connection of
the barges to configurations using broken coupling and dimensing
propulsion-steering system.

Reviewed by: J. Klepoch, P Zarnay

[1] KLEPOCH, J. and col.: Development of progressive ship means for rationalization of transport of energetic goods and raw mate-
rials in Danube, Mohan and Rhine region, VT project 10-513-16, Bratislava-Komarno 1995.
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[3] TICHY, J., PATEK, P., BARATH, T.: Development and design of propulsion and calculations of motor cargo ship coupling powers
for European waterways with pushing equipment, KSLV-93, for SL, a.s., Komarno, Bratislava, 1996.

[4] SNITKA, M.: Development of modern cargo ship Danubius for waterway Danube-Mohan-Rhine, Proceedings ,,Mechanical enginee-

ring *97, STU Bratislava 1997, p. 144-147.
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Planovanie v malom a strednom podnikani

Uspesnost, resp. neiispesnost podnikatelskej cinnosti je zdvisld, okrem mnoZstva objektivnych
pricin aj od toho, ¢i podnikatelské subjekty majii zdakladné poznatky o podstate a sprdavani sa v pod-
nikatelskej prdci.

Zdkladné poznatky z tejto problematiky poskytuje monografia, doc. Ing. Stefana Hittmdra,
CSc. Pldnovanie v malom a strednom podnikani alebo ako zacinat, zaistovat a rozvijat podnikatel-
skii cinnost. Metodika a metododgia podnikatelskych pldanovacich aktivit, 161 stran, ZU 1999.
Obsahovo je zamerand na jednu vybranii cast fungovania podniku v sucasnom konkurencnom
prostredi trhovej ekonomiky, a to na relativne samostatnii oblast riadenia malého a stredného pod-
nikania.

V publikdcii sa autor venuje problematike planovacich ¢innosti pri zacinani, zaistovani a roz-
vijani podnikatelskych aktivit. V podobe rozpracovanych univerzdlnych metodickych a metodolo-
gickych postupov sii v nej predkladané zdkladné vysvetlenia a postupy pre lubovolné aplikacné
oblasti roznych podnikatelskych subjektov. Pldnovanie sa v publikdcii chape ako vychodiskovd
funkcia riadenia - zdakladny ndstroj pri vytvdrani predstdv a zabezpecovani budiicich iiloh podnika-
nia.

Obsah publikdcie je koncipovany v deviatich kapitoldach, v ktorych autor postupne definuje pod-
nikatelsky subjekt, vysvetluje zdakladné vychodiskd a podmienky podnikania a rozvija podstatu pla-
novania i v podnikatelskom prostredi. Zvldst popisuje planovaciu kategoriu podnikatelského
zameru s uvedenim jej prepojenia na dalSie kategorie, ktorymi sii podnikova stratégia a podnika-
telsky plan.

Stratégiu a podnikatelsky pldn, ako zdkladné planovacie kategorie, autor chdpe vo vzdjomnej
suvislosti a dopliiani. Prioritne stratégia predchddza podnikatelsky pldn, resp. podnikatelsky pldn
rozpracovdva, konkretizuje a v redlnejsej podobe realizuje strategické ciele. Rozne podnikatelské
prostredie, velkost podniku, jeho vyvoj, orientdcia a konkrétna situdcia predurcujii vlastnii obsahovu
stranku podnikatelskych planov i formu ich vypracovania. Preto je v publikdcii predloZeny univer-
zdlny metodicky materidl pre lubovolného zdujemcu o vypracovanie podnikovej stratégie a podni-
katelského pldnu a pre riesenie niektorych suvisiacich problémov v réznych podmienkach
podnikania.

Sticastou publikdcie je aj jej prilohova cast, kde su uvedené zdakladné metody a techniky raci-
onalizujiice proces planovania v podnikatelskych cinnostiach. Su vypracované v podobe katalogu
pre pouzitie v konkrétnych castiach planovacich aktivit.

Publikdcia je urcend jednak teoretikom, ktori sa zaoberajii Stiidiom o a vyucovanim podnika-
nia, ale tiez aj praktikom, t. j. majitelom a manazérom roznych podnikatelskych subjektov, ktori
zacinaju, vykondvaju a dalej cheui rozvijat svoje podnikatelské aktivity. Najmd vdaka jej pragma-
tickému spracovaniu mozno publikdciu odporicat ako velmi ndzornii praktickii, a tym aj uZitocnii
pomocku pre rézne podnikatelské aktivity v ndrocnom trhovom prostredi, pre Studentov vysokych
a strednych skol, ktori sa touto problematikou zaoberajii

Prof. Ing. Jdn Mikolaj, DrSc.
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Dizertacna praca:  Prijazdové komunikacie k mostovym prepraviskam
Autor: Ing. Vlastimil MACH

Studijny odbor: 91 - 23 - 9 Vojenska doprava a vojenské stavby
Pracovisko: Zilinska univerzita v Ziline, Fakulta $pecialneho inZinierstva
Katedra vojenského stavitelstva
Skolitel: prof. Ing. Pavel POLEDNAK, PhD.
Obhajoba: 28.9. 1999 na FSI ZU
Resume:

Dizertacnd prdca sa zaoberd problematikou zriadovania prijazdovych komunikdcii k mosto-
vwm prepraviskam v krizovych situdcidch. Zakladnou tilohou bolo preukdzanie vhodnosti pouZitia
zeminy stabilizovanej cementom s pridanim prisad urychlujicich tuhnutie a tvrdnutie zmesi pre
vozovky prijazdovych komunikdcii k mostovym prepraviskam. Prdca obsahuje 62 strdan textu a 79
stran priloh. Je rozdelend do deviatich kapitol.

Ako zdkladnd metoda riesenia bola pouZitd metéda experimentdlneho vySetrovania v labora-
toriu. Popisuje sa metodologia experimentdlnych merani a pouZity siibor skusobnych zariadeni.
V praci je vykonand podrobnad analyza vhodnosti materidlov pre experimentdlnu cast. Doraz je polo-
Zeny na vyber vhodnej prisady - vysokoiic¢inného plastifikdtora.

Vysledky prdace sii prezentované v 6smej kapitole, kde je preukdzand zavislost ndarastu pevnosti
Jednotlivich zmesi od ¢asu. Dalej je preukdzané vyrazné zvysenie odolnosti jednotlivich zmesi proti
ucinkom vody a mrazu v porovnani so zmesou bez prisad. V tejto kapitole je vykonand analyza
a syntéza vysledkov experimentdlnej casti.

V poslednej, deviatej, kapitole sii zhrnuté zdakladné zdvery pre spolocenskii prax a dalsi rozvoj
vedného odboru.
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ZILINSKA UNIVERZITA V ZILINE
FAKULTA SPECIALNEHO INZINIERSTVA

Katedra Vojenského stavitelstva

PRIJAZDOVE KOMUNIKACIE
K MOSTOVYM PREPRAVISKAM

Dizertacna praca

Doktorand: Ing. Viastimil MACH

Skolitel: prof. Ing. Pavel POLEDNAK, PhD.

Zilina 1999

Dizertacna praca:  Stavebno-technologické projektovanie rozsiahlych zemnych prac
Autor: kpt.Ing. Marian Marcin

Studijny odbor: 91-23-9 Vojenska doprava a vojenské stavby
Specializacia: Zelezni¢ny spodok
Pracovisko: Zilinska univerzita v Ziline, Fakulta Specialneho inzinierstva,
Katedra obnovy zeleznic
Skolitel: doc. Ing. Josef Reitspis, PhD.
Obhajoba: 28.9.1999 na FSI ZU
Resumé:

Dizertacna prdca sa zaoberd riesenim aktudlnych problémov cestného a Zeleznicného stavitel-
stva, ktoré vyplyvajii z potrieb skvalitnenia a zefektivnenia zemnych prdc pri vystavbe dopravnych
komunikdcii. Prdaca md 140 strdn textu vrdtane zoznamu pouzitych symbolov, skratiek, obrdzkov,
tabuliek, grafov, algoritmov a pouZitej literatiiry. Nad uvedeny rozsah je prilozenych 15 priloh, ktoré
vecne dopliiajii obsah jej jednotlivych casti.

Metédy riesenia boli podriadené cielom a obsahu dizertacnej prdce, ktoré nadvizujii na do-
siahnutu tirovent poznania a osvojovania si teoretickych a praktickych poznatkov vychddzajiicich
z redlnej skutocnosti stavebnej vyroby.

Vysledky dizertacnej prdce ako i zavery pre ich realizdciu a dalsi rozvoj vedy sii zaclenené do
siedmich kapitol, ktorych hlavnym cielom je zabezpecenie efektivnych vysledkov stavebno-technolo-
gickej pripravy optimdlnym rieSenim vzdjomnych vztahov medzi jednotlivymi Struktiirami vystavbo-
vého procesu z hladiska realizdcie zemnych prdc.

ZILINSKA UNIVERZITA V ZILINE

Fakulta Specialneho inZzinierstva

kpt. Ing. Marian Marcin
STAVEBNO-TECHNOLOGICKE PROJEKTOVANIE

ROZSIAHLYCH ZEMNYCH PRAC

Dizertacna praca

Zilina 1999
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Redakcia prijima iba prispevky doteraz nepublikované alebo inde nezaslané na
uverejnenie.

Rukopis musi byt v jazyku slovenskom a anglickom. K ¢lanku doda autor resumé
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