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Abstract – This paper presents a study over the clock hour 

figure mathematical model identified through the direct 

current supply method. In these paper, for the identification of 

the clock hour figure resulted from the modification of the 

transformer main windings shape, it is proposed the clock hour 

figure mathematical model solution. 
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I. INTRODUCTION 

One of the most used methods to identify the vector group 
clock hour figure is the “direct current supply method”. Its 
application involves the usage of a direct current source, a 
switch and a magneto electric apparatus, preferably with “0” 
on the middle of the scale. The direct current source is 
connected through a switch at the terminal couple of the 
verified transformer, while for each position of the power 
supply, the apparatus is connected successively at the 
terminal couple of the other winding, always respecting 
specific polarity. 

The direct current source is placed on the high voltage 
winding and is connected successively to terminals couple 
AB, BC, CA, while for each source position the magneto 
electric apparatus is connected successively to terminals 
couple ab, bc, ca, with “+” terminal to a, b respectively c. 
This is justified by the need to limit the impulse range, in the 
case of a transformer having a high ratio of the windings. 

The connecting diagram of “direct current method” for all 
nine successive measurements is shown in Fig. 1: 
 

 
  

 
Fig. 1  Measurement succession for to determine the clock 

hour figure 
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Initially the signals that compose the clock hour figure 
code has been marked with: (+) when the indicator needle 
shift to right; with (-) when the indicator needle shift to left; 
with 0 when the indicator needle remains immobile or is 
shift just a few. With that coding the numerical applications 
are excluded; to make that possible, mathematically, the 
current or voltage pulse polarity can be configured by the 
function sgn as follows: 
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The matrix code chart associated to the clock hour figure 
has the form: 
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Using the mentioned simulation can be made the 

following modification: the signal (+) became (1); signal (-) 
because (-1) and the signal 0 remains unchanged. The 
matrix code chart for twelve connection types are presented 
below: 
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II. CONTRIBUTION CONCERNING THE CODE 
MATRIX SIMULATION WITH TRIVALENT 

ELEMENTS ALGEBRA 

Knowing the vector group of the electrical three-phase 
transformers is very important, especially when the 
transformers are going to function in the same time. 
Checking the transformers vector group is necessary for 
setting up the transformer or after any check or repair. 

The code matrix reflects with accuracy the modification 
accomplished over the rotary-current transformer connection 
diagram.  

To obtain a relatively new mathematical model, every 
indication of the milliampermeter is coded through the 
instrumentality of trivalent elements as follows: 
2 – when the needle indicator indication is in the measure 
direction: 
1 – when needle move opposite the indicator measuring; 
0 – for the needle indicator immobility. 

The matrix code chart is obtained for the twelve groups of 
connection: 
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To change the connection group clock hour figure 

transformer are known the following solutions: 
- reversal the beginning with the end or the end or the 

reverse direction for the phase winding wrapping (in 
primary or secondary); 

- the triangle conversion from N in Z or inverse; 
- the circular permutation of connection between windings 

and terminal; 
- the circular permutation of the terminals notation; 
- the conversion between them of two terminal connection 

at the primary winding and secondary winding; 
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- the conversion between them of two terminal connection 
at the primary and secondary winding. 
The study of the technical literature [8, 11] shows us that 

throughout the circular permutation of a rotary-current 
transformer’s jams we get a change of the clock hour figure 
of ± 4 hour, which can be emphasized using the code matrix 
whose columns and rows will be permuted in the same 
direction with the permutation done in the transformers 
circuit connection, we will determine the resulting clock 
hour figure. 

For example, the clock hour figure that resulted at the end 
of the direct circular permutation of the high – tension 
winding’s jams can be determined through the rows circular 
permutation in a straight direction.  

 

 
   
   
  

(6) 
The same will happen in the case of the opposed 

permutation. 
The circular permutation of the columns in a straight 

direction will lead to a code matrix, which represents the 
same clock hour figure measured on a transformer, which 
has been modified as a result of a direct circular permutation 
of the low tension’s jams.  
 
 
 
 
 
 

(7) 
 

The columns circular permutation, in a reverse direction, 
will lead to a code matrix analogically obtained as above. 
The reverse of two terminals of one of the windings or the 
terminal plate’s bindings or the terminals symbol inversion 
will be reflected through the change of the code matrix’s 
configuration. These inversions will determine a switch 
corresponding between two rows of the code matrix, 
followed by the switch corresponding between two columns, 
just as it is presented in the following example:  
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In consequence, it is possible to obtain the clock hour 
figure of a transformer that is modified in the manner that is 
described, using only the code matrix. The alteration upon 
the matrix will be enough, and the resulting matrix 
expresses the clock hour figure obtained as a result of the 
alteration. 

The matrix code chart study reveals the possibility of 
decomposition in three elementary matrixes. 
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where the three elementary matrix are expressed under the 
following form.  
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where: - Ma can be expressed: 
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- Mb can be written through: 
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Following the clock hour figure mathematical model can 
be expressed through a relation like: 
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where: KTa, KTb, KTc – are trivalent constants with value 0, 
1 or 2. 

It is preferred this decomposition because the Ma, Mb, Mc 
matrix preserve the general properties of the code matrix: 
- the elements that are placed on the principal diagonal and 
the elements that are placed on the parallel directions with 
the principal diagonal are always equal: 
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- the elements of a row or a column results through a 
circular permutation of the preceding row or column.  

III. CONCLUSION 

The study of clock hour figure verification shows that the 
trivalent element usage offer the possibility of clock hour 
figure display for all the variants presented in the preamble. 

The elaboration of a mathematical matrix model was 
possible through the exploitation of the experimental results 
offered by the supplying with direct current method. The 
research that was carried out shows that between a 
transformer’s diagram of connections and the code matrix’s 
configuration there is a well established connection it is 
showed that the terminals and the matrix’s rows correspond 
to the high – tension windings of the terminals, and the 
matrix’s columns correspond to the terminals low tension 
windings. 

The code matrix study emphasizes some remarkable 
properties, the most important being related to the fact that a 
row’s elements or a column’s elements results from the 
preceding row or columns, after a direct circular 
permutation upon its elements. 

The research carried out shows that any alteration on the 
diagram of connections of the transformer is reflected on the 
change of the code matrix can be used to identify some 
major flaws, represented by breaks in the circuit’s diagram 
of connections or by short – circuits that appear in the phase 
windings the transformer.  

REFERENCES 

[1] Cernomazu D., Michiu Gh., "Consideraţii privind verificarea grupei 
de conexiuni aferentă transformatoarelor electrice trifazate, prin 
metoda curentului continuu", Energetica, volumul XXIX, Bucureşti, 
septembrie, pp.397-401, 1981. 

[2] Cernomazu D., Michiu, Gh., "Consideraţii privind legătura dintre 
proprietăţile codurilor grupelor de conexiuni determinate prin metoda 
c. c. şi posibilităţile de utilizare a lor pentru schimbarea grupei de 
conexiuni la transformatoarele trifazate", Volumul Conferinţei 
Naţionale de Electrotehnică şi Electroenergetică „Generatoare şi 
transformatoarele electrice”, vol. 3, Timişoara, 17-18 septembrie, 
pp.159-170, 1982. 

[3] Cernomazu D., Michiu, Gh., "Consideraţii asupra modelului 
matematic al grupelor de conexiuni aferente transformatoarelor 
electrice trifazate", Volumul Sesiunii Ştiinţifice, Institutul Politehnic 
Iaşi, Facultatea de Electrotehnică, 16-17 mai, secţia VI – Aparate 
Electrice, pp.167-175, 1986. 

[4] Cernomazu D., "Étude du modèle mathématique de l’indice horaire 
d’un transformateur triphasé", ouvrage de stage à l’Université des 
Sciences et Technologies de Lille. France: Coordonnateur: le 
professeur Philippe Delarue, 1995. 

[5] Cernomazu D., Mandici L., Cojocariu I., et al., "Cercetări privind 
metodele pentru verificarea indicelui orar al grupelor de conexiuni la 
transformatoarele electrice – Proiectarea şi realizarea unor aparate 
numerice pentru verificarea indicelui orar şi afişarea modelului 
matematic afferent", Suceava: Universitatea “Ştefan cel Mare”, 
Facultatea de Inginerie Electrică, Contract de Cercetare 
Nr.1096B/1995, Faza 3, Beneficiar: Ministerul Învăţământului, 1995. 

[6] Cernomazu D., Delarue Ph., Milici M., "Le schéma équivalent pour la 
modélisation de la matrice de code de l’indice horaire d’un 
transformateur triphasé", Analele Universităţii ”Ştefan cel Mare” 
Suceava, Anul III, Nr.5, pp.39-49, 1996. 

[7] Cernomazu D., Delarue Ph., Milici M., "Les codes de l’indice horaire 
d’un transformateur triphasé. L’équation des codes", Analele 
Universităţii “Ştefan cel Mare” Suceava, Secţiunea Electrică, Anul 
III, nr.6, pp.45-49, 1996. 

[8] Cernomazu D., Delarue Ph., Milici M., "L’étude de l’influence des 
liaisons en “N” et “Z” sur la valeur de l’indice horaire d’un 
transformateur triphasé", Analele Universităţii ”Ştefan cel Mare” 
Suceava, Anul III, Nr.6, pp.50-54, 1996. 

[9] Cernomazu D., "Le modèle mathématique de l’indice horaire d’un 
transformateur triphasé. Une liaisons avec la theorie des graphes", 
Analele Universităţii “Ştefan cel Mare” Suceava, Secţiunea Electrică, 
anul IV, nr.7, pp.48-54, 1997. 

[10] Cernomazu D., "Une solution graphique pour la méthode du courant 
continu utilisée à l’identification de l’indice horaire d’un 
transformateur triphasé", Analele Universităţii “Ştefan cel Mare” 
Suceava, Secţiunea Electrică, anul IV, nr.7, pp.55-62, 1997. 

[11] Cernomazu D., "Études sur le modèle mathématique de l'indice 
horaire d'un transformateur triphasé", Suceava: Éditions de 
l'Université Suceava, 1997. 

[12] Cernomazu D., Simion Al., Mandici L., Prodan Cr., "Contribution à 
une variante gropho-analytique de la méthode du courant continu 
destinée pour la détermination de l'indice horaire d'un transformateur 
triphasé", Buletinul Institutului Politehnic Iaşi, Tomul XLVIII (LII), 
Fasc.5, 2002. 

[13] Cernomazu D., "Discussion sur la variante graphique pour 
l’identification de l’indice horaire d’un transformateur par la methode 
du courant continu" Analele Universităţii “Ştefan cel Mare” Suceava, 
Secţiunea Electrică, anul VI, nr.11, pp.54-56, 1999. 

[14] Poienar N., Prodan Cr., "Studiul influenţei configuraţiei sistemului 
magnetic al transformatoarelor electrice trifazate asupra codului 
indicelui orar al grupei de conexiuni", ELSTUD'2008 Sesiune de 
comunicări ştiinţifice studenţeşti – Suceava 2008. Suceava, România, 
Volum1, Număr 2, Mai, 2008. 

[15] Prodan Cr.; Savu E.; Negru M. B.; et al., "Contribution sur la 
détermination de l’indice horaire d’un transformateur triphasé par la 
méthode du courant continu", Proceedings of the 6th International 
Conference on Development and Application Systems. Suceava, 23 – 
25 May, pp.158 – 163, 2002. 

[16] Prodan Cr., Cernomazu D., Ungureanu C., "The mathematical pattern 
of the hour index at the three-phase transformers. Considerations on 
the dephasing matrix", 5th INTERNATIONAL CONFERENCE ON 
ELECTROMECHANICAL AND POWER SYSTEMS – SIELMEN 
2005. Chişinău, Republic of Moldova, October 6 - 8, pp.417 – 419, 
2005. 

[17] Poienar N., Prodan Cr., Creţu N. C., et al., "Consideraţii privind 
relaţiile stabilite între variabilele dependente asociate codurilor 
indicilor orari posibili la transformatoarele trifazate", 5th International 
on Electrical and Power Engineering, EPE 2008, Iaşi, 3-5 October, 
2008. 

[18] Prodan Cr., Poienar N., "Contribuţii la adaptarea metodei alimentării 
în curent continuu, pentru tratarea punctului „0”, ELSTUD'2008 
Sesiune de comunicări ştiinţifice studenţeşti – Suceava 2008. 
Suceava, România, Volum1, Număr 2, Mai, 2008. 

[19] Prodan Cr., Poienar N. Contribuţii privind ecuaţiile modelului 
matematic al indicelui orar. In: ELSTUD'2008 Sesiune de comunicări 
ştiinţifice studenţeşti – Suceava 2008. Suceava, România, Volum1, 
Număr 2, Mai, (2008). 

[20] Prodan Cr.; Poienar N., "Contribuţii privind ecuaţiile de cod  folosite 
pentru identificarea indicelui orar a unui transformator trifazat", EPE 
2008, A 5-a Conferinţă internaţională de inginerie electrică şi 
energetică – Iaşi 2008. Iaşi, România, Octombrie, 2008. 

 
 


