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Rezumat: Mdsurarea directd a temperaturilor de lucru ale infasurarilor masinilor electrice este dificila datoritd, in special,
restrictiilor legate de accesarea acestora. Lucrarea de fatd prezinta o metoda de masurare a temperaturilor infasurarilor
maginilor electrice, bazata pe dependenta de temperatura a rezistentei electrice a infagurarii respective. Schema utilizata
contine un circuit de masurare in curent continuu a rezistentei, utilizand un convertor analog-digital si un calculator

personal.
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Abstract: It is difficult to make a direct measurement of the working temperatures of the electrical machines windings,
especially, due to their restricted access in operation. The present paper proposes a method for temperature measurement of
the electrical machines windings, based on the temperature dependence of the winding electrical resistance. The scheme
used for measurements contains a d.c. circuit for resistance measurement, including an analog-to-digital converter and a
personal computer. The data acquisition and processing are done by using a selfimade computer program, the whole

measuring process being full automated.
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1. INTRODUCERE

Temperatura de Iucru a rezistentei unei

infasurari se realizeaza pe baza relatiei (1):

R.—R
A0 =—"“—L(a+0,)+0, -0, (D)
R}"

unde:

R, este rezistenta Infasurarii in starea rece;

R. - rezistenta infasurarii in starea calda;

0, - temperatura ambiantd in starea rece

6,, - temperatura ambianta in starea calda;

A6 - diferenta dintre temperatura infagurarii si tem-
peratura ambianta 1n starea calda;

o - 234,5 (pentru Cu) si 225 (pentru Al).

Masurarea rezistentei infagurdrii in starea rece se
face inainte de pornirea masinii electrice, la o
valoare stationara a temperaturii mediului ambiant.

Masurarea rezistentei Infasurarii in starea calda
se face, In functie de regimul de functionare, la
stabilizarea termica (in cazul regimurilor de lunga
durata sau intermitente) sau la terminarea duratei de
functionare (in cazul regimului de scurtd durata).
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1. INTRODUCTION

The working temperature of the resistance of a

winding is realized based on the equation (1)
A@:M(aw,,)w,,—em (1

R,

where:

R, is the resistance of the winding in cold state;

R, - resistance of the winding in warm state;

6, — ambient temperature in cold state;

6,, - ambient temperature in warm state;

A6 — the difference between the temperature of wind-

ing and the ambient temperature in warm state;

o - 234,5 (for Cu) and 225 (for Al).

The measurement of the resistance of winding in
cold state is performed before turning on the electric-
al machine, at a stationary value of the ambient
temperature.

The measurement of the winding’s resistance in
the warm state is performed depending on the
function regime, at thermal stabilization (in the case
of long or intermittent regimes) or at the end of the
functioning time (in the case of short time regime).
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Determinarea respectiva se efectueaza dupa
deconectarea maginii electrice de la retea, oprirea
completd a acesteia §i conectarea in schema de
curent continuu utilizatd la masurarea rezistentei
infasurarii. Se efectueazd prima masurare cat mai
repede posibil, dupd care se continud seria de
masurari la intervale de timp egale, obtinandu-se
prin extrapolare valoarea rezistentei la ,,momentul
zero” reprezentat de deconectarea de la reteaua de
alimentare a masinii electrice respective.

Desi metoda se poate utiliza, In principiu, in
varianta manuald, varianta automatid bazatd pe
utilizarea unui calculator personal prezintd avantaje
evidente In ceea ce priveste calitatea masurarii —
rapiditate, exactitate, reproductibilitatea masurarii,
etc. Valorile masurate ale rezistentei se loga-
ritmeaza si se reprezintd grafic in functie de timp.
Se construieste, prin metoda patratelor minime,
dreapta care trece prin punctele experimentale si la
intersectia dreptei cu axa ordonatelor se obtine, prin
extrapolare, valoarea log R. si, de aici, rezistenta in
stare calda R..

Folosind relatia (1) se calculeaza temperatura de
functionare a infasurarii :

0.= 86, + 46 ?2)

2. SCHEMA BLOC

Metoda de masurare se bazeazd pe utilizarea
calculatorului personal, adoptandu-se schema bloc
din figura 1, in care semnalul #; masoara tensiunea
la bornele rezistentei necunoscute R, iar caderea de
tensiune u, pe rezistenta de masurd r masoara
curentul prin rezistenta necunoscutd. Pentru deter-
minarea valorii rezistentei R, se utilizeaza relatia :

“I
Ry =r—L 3)
“2
din care rezultd ca rezistenta R, depinde numai de
valoarea rezistentei r si de raportul semnalelor u; si
uj.

Dependenta marimii masurate de raportul a doud
semnale analogice exprimd una din proprietitile
esentiale ale schemei din punctul de vedere al
calitatii masurarii — independenta de toti factorii,
care afecteaza 1n acecasi masura, cele doud semnale
analogice, cum sunt tensiunea de alimentare,
variatia etalondrii datoratd modificarii factorului de
conversie analog — digitala s.a.

Dupa cum se observa din figura 1, cele doud
semnale analogice se aplica la intrarile unui dispozi-
tiv de conversie analog-digitala CAD [2], legat de
un calculator personal CP.
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The determination is performed after dis-
connecting the electrical machine from the electrical
power, after complete stop of the machine and its
connection in the used direct current scheme for
measuring the resistance of the winding. The first
measurement is performed as soon as possible, after
that, series of measurements are carried on at equal
time intervals, obtaining thus, by extrapolation, the
value of the resistance at ‘zero time’, represented by
the moment of disconnection of the respective
electrical machine.

Although the method may, in principle, be used
in the manual way, its automated based on the use
of a PC has obvious advantages in respect with the
quality of measurement — speed, accuracy,
reproducibility of measurements, etc. The measured
values of resistance are logarithmated and graphical-
ly represented against the time. Using minimum
square method, the line linking the experimental
points is established by extrapolation. At the
intersection between the constructed line and the
ordinate, the values of logR. and R, are obtained.

Using the equation (1), one calculates the
temperature of winding functioning:

0. =0, + 46 (2

2. BLOC SCHEME

The measurement method relies on the use of the
PC, in accordance with the bloc scheme presented in
figure 1, where the u; signal measures the voltage at
the borne of the unknown resistance R, and the
voltage drop u, on the measuring resistance r
measures the current passing through the unknown
resistance. To determine the value of the resistance
R, the equation (3) is used:

“1
Ry =r— 3)
“2
from where it results that the resistance R, only
depends on the value of the resistance r and on the
ratio between u; and u, signals.

The dependence of the measured quantity on the
ratio of two analogic signals express one of the
main properties of the scheme from the measure-
ment quality point of view — the independence from
all factors affecting in the same way the two
analogic signals, such as voltage supply and the
variance of calibration due to the modification of
the analog-digital conversion factor and so on.

As one may note from the figure 1, the two
analogic signals are applied at the entrance of an
analog-digital conversion device, CAD [2], con-
nected to a PC.
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Fig. 1. Schema bloc a sistemului de achizitie si prelucrare a datelor.
Fig. 1. The bloc scheme of the data acquisition and treatment system.

Dispozitivul de conversie analog-digitald este
alcatuit din doud module — modulul de conversie
AD tip 1-7017 si convertorul RS-232 + RS-485, cu
urmatoarele caracteristici tehnice [4]:

Modulul de conversie AD tip I-7017.

- tensiune de intrare: £ 150 mV, + 500 mV,

+1V;

- protectie supratensiune: = 35 V;

- ratd de esantionare: 10 eveniny/s;

- largime de banda: 13,1 Hz;

- exactitate: + 0,1%;

- deriva de zero: = 0,02 mV;

-consum: 2 W/10+30 V.

Convertorul RS-232 + RS-485 tip I-7520.

- protectie supratensiune: 3000 V

- repetor: > 1200 m;

-consum: 1,2 W /24 V.

Calculatorul personal utilizat in schema bloc din
figura 1 are urmatorii parametri de baza:

- frecventa procesorului: 3 GHz

- memoria cu acces aleatoriu: 256 MB

- memoria discului fix: 120 GB

3. PROGRAMUL DE CALCUL

Pentru achizitia si prelucrarea datelor s-a utilizat
un program de calcul de conceptie proprie. Progra-
mul contine etapele de achizitie, de prelucrare si de
afisare a datelor [3]. Programul de achizitie asigura
preluarea semnalelor digitale de la portul de intrare
in calculator si stocarea acestora Intr-un fisier
rezervat acestui scop. De aici informatia se transfera
in alte fisiere, unde se afla programele de prelucrare
si afisare corespunzatoare.

Programul de achizitie utilizat contine urmatoa-
rele comenzi (date):

- portul de conectare;

- numarul canalului pentru achizitie;

- intervalul de esantionare;

- fisierul de salvare a datelor (alegerea fisierului);
startul achizitiei (automate);

- startul achizitiei (pas cu pas);

- stopul achizitiei (automate).

Programul de calcul a valorilor rezistentelor la
cald si la rece si de determinare a temperaturii de
lucru a rezistentei a fost realizat folosind subrutinele

2

The analog-digital conversion device consists of
two modules — the AD conversion module, 1-7017
type and the converter RS-232 +RS-485, having the
following technical characteristics [4]:

For the AD conversion module, I-7017 type:

- input voltage: + 150 mV, = 500 mV, + 1 V;

- protection against super-voltage: + 35 V;

- sampling rate: 10 evenim/s;

- bandwidth: 13,1 Hz;

- accuracy: £ 0,1%;

- zero drift: £ 0,02 mV;

- power:2 W/10+30V;

For the converter RS-232+RS-485, 1-7520 type:

- protection super-voltage: 3000 V;

- repeater: > 1200 m;

- power: 1,2 W/24V.

The personal computer used in the bloc scheme
presented in Figure 1 has the following main fea-
tures:

- processor frequency: 3 GHz;

- RAM: 256 MB;

- HDD: 120 GB.

3. CALCULATION PROGRAM

For data acquisition and processing, a selfmade
calculation program was used. The program in-
cludes the acquisition, process and display steps [3].
The acquisition program assures the collection of
the digital signals from the input port into the PC and
their storage in a special dedicated file. From here the
piece of information is transferred in other files,
where lie the appropriate processing and display
programs.

The acquisition program used contains the
following commands (data):

- the connection port;

- the number of the channel for acquisition;

- sampling interval;

- the file for data saving (the chose of the file);

- the acquisition start (automate);

- the acquisition start (step by step);

- the purpose of acquisition.

The program for calculating the values of resis-
tance at warm and cold state, and for determining
the working temperature of the resistance was
developed using the existing subroutines of MICRO-
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programului MICROSOFT EXCEL din sistemul
de operare WINDOWS si contine trei etape
distincte:

a) etalonarea schemei de masurare a rezis-
tentelor;

b) masurarea rezistentei infasurarii la rece;

¢) masurarea valorilor rezistentei dupa perioada
de incélzire si deconectarea de la reteaua de
alimentare.

Sistemul functioneaza automat, afisand parametrii
de iesire, reprezentati de valoarea temperaturii §i
incertitudinea de masurare asociata.

4. CONCLUZII

Utilizand metoda prezentatd in cele de mai sus
s-a masurat, pentru ilustrare, temperatura de lucru
a Infasurarii motorului monofazic cu condensator
al unui ventilator de masa.

S-au obtinut urmatoarele rezultate:

- durata perioadei de functionare a ventila-
torului: 45 minute;

- temperatura mediului ambiant: 25 °C;

- temperatura infasurarii motorului: 81 °C;

- incertitudinea de masurare (pentru un nivel de
incredere de 95%): 1,5 °C.
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SOFT EXCEL, included in the WINDOWS opera-
tion system. The program contains three distinct
steps:

a) calibration of the measurement scheme for
resistances;

b) measurement of the values of winding re-
sistance at cold state;

¢) measurement of the values of resistance after
the warming period and disconnection from the
supply network.

The system automatically works, displaying the
output parameters, represented by the value of tem-
perature and the associated measurement uncertainty.

4. CONCLUSIONS

Using the above presented method, for
demonstration purposes, the working temperature
of the mono-phase engine winding, with condenser
of a table ventilator was measured.

The following results were obtained:

- the function period of the ventilator: 45 minutes;

- the ambient temperature: 25 °C;

- the temperature of the engine winding: 81 °C;

- measurement uncertainty (for a confidence
level of 95 %): 1,5 °C.
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