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Particular Matrix in the Study of the Index Hour
Mathematical Model

The three phase transformer clock hour figure mathematical model can
be conceived in his regular form as a 3X3 square matrix, called matrix
code, or as a matrix equation, called code equation and is conceived
through the elementary matrices: M, My, M, or by defining matrices:
Mioo, M1o, M;. The code equation expression is dependent on the defi-
nition function: the sgn function or the trivalent variable function.
Interrelated with the two possibilities are shown, defined and explained
the following particular matrix: transfer matrix T. Finally are pre-
sented the interrelation between these particular matrixes and hig-
hlighted the possibilities of exploitation.
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1. General considerations on the clock hour figure mathemati-
cal model

The clock hour figure mathematical model is represented through a square
matrix with three lines and three columns [4, 6, 9]:

h11 h12 h13
Gi= h21 h22 h23 1)
h31 h32 h33

The Gi matrix is called code matrix. At the sugesstion of academician prof.
Ph.D. Emanuel DIACONESCU, to emphasize the leading role of the Electrotechnics
Department of USV, in matrix discovery, the authors propose the acceptance of
matrix CEUS name. The matrix code n; element can be defined through the sgn
function or through the trivalent element algebra [6], [9], [10].

In the first case:
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nj = sgn a (@)

sgna= I_ZI 3)

1 when a<O0
sgna =<—-1 when a<O0 4
0 when a=0

All the possible code matrix obtained through this representation are presen-
ted in Table 1.

For the defining through the trivalent element algebra is valid the relation:
ni = k; where: k € (2,1,0) (5)

2 when a<O
k =4 1 when a<O0 (6)
0 when a=0

When defining through trivalent element algebra the matrix code configuration
is the one presented in the Table 2.

The studies, highlight the interdependence between matrix code configuration

(the lines and columns configuration) and the configuration on the terminal con-
nection fixed on the transformer cover.
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Figure 1. The interdependence between matrix code configuration and the confi-
guration on the terminal connection [6], [9]
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Table 1 Table 2

-1 0 IS T i G

G=| 0 1 -1| G=|1 1 -1 G=[0 2 1| G=|2 2
=1 O i -1 1 i 1 0 2 Loz oz
0 -1 1 <1 =t 1 1 2 1 1 2
G| T 0 =1 G| T ool - G:=[2 0 1| @=l2 1 1
=1 1 B =1 1 =i L [
i o 1 -1 1 1 0z 1 7 =z
G=| 1 -1 0| G=|1-1 1 Gs=[2 1 0| G=|2 1 2
L0 1 i R oz 1 2z 1
20D =1 =l 1 2 1 g
G=| 0 -1 1| G=|-1 -1 1 Gr=[0 1 Ga=|1 z
L1 B - Pl 2 0 1 2 11
0. 1 -1 i o 2 7 1
Ge=|-1 0 1| Gp=|-1 1 1 Ge=[1 0O 2| Gu=|1 2 2
L1 -1 o L1 -1 1 2 1.0 2 k7
0 =l Il e 2 0 1 201 1
Gyu=|-1 1 0| Gp=|-1 1 -1 Gu=[1 2 0| Gp=(1 2 1
0 =1 1 = =1 1 g bl

-

The lines position reflect the modifications in the high voltage windings termi-
nal and the columns position reflect the modification in the low voltage windings
terminal [2], [3], [4], [5]. [6]. [9].

These conclusion represent the most remarcable and interesting aspects.
The connection between the matrix code and the configuration on the terminal
connection, is expressed in a sugestive manner in figure 1.

The code matrix reflects faithfully the following changes in the transformer
connection diagram [6], [9]:

- circular permutation of terminal connection;

- circular permutation of the transformer terminal notation;

- the convesion between them of two terminal connection at the primary
winding and secondary winding;

- the inversion of the transformer supply power(from the high voltage to
the low voltage or vice versa);

- the connection variation from the N in Z at the delta connection and zig-
zag connection;

- reverse direction for the phase winding wrapping;

103



- reversal the beginning with the end of a phase winding;
- the terminal notation reversal for a winding phase.
Concerning to the mentioned modification are recommended and used the
following notations and symbols [6], [9]:
A\ - for the matrix obtained through the lines permutation in direct orien-
tation (arrow orientation):

ayy @, a3 a3 Ag
A=t a, a, ay-|=|a, a, a;|=Al @)
'a31 a32 333 a21 a'22 a'23

A }- for the matrix obtained through the lines reverse permutation (arrow
orientation):

a; a, a3 } a, a, ay
A= &y Ay Ay = |y Qp 8y |= At (8)
A3 8y g } a; &, a3

—_—
A - for the matrix obtained through the column permutation in direct ori-

entation (arrow orientation)

—
a; aQp Az ay Qp N

A=lay, &, ay|=|ay a8y a,|=A 9)
A 8y g Ay 8y Aap
e

-
A - for the matrix obtained through the column permutation in reverse
orientation (arrow orientation)

[ T e |
&, &, ag &, Q3 a; -
A=| ay ay ay|=>|ay a5 ay|= A (10)
a; 383 ag ; Qi Ay
—

Ainv1ocos - for the matrix obtained through the inversion of the first line
with the second line and through the inversion of the second column with the third
column.
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{ QA By, g a 8y dy qy 8y Ay
A= Ay Ay Ay d=|Q; A, 3 |= |y Q3 Ay = Ai nvL12Ca3
83 8y g a; 85 agp 3 8y Ay

L

AT — for the transpose matrix (by changing lines with columns):

&, &, aj a, 3, ay
A=la, ay ay|=>|ay &y ay|= AT (12)

a31 a32 a33 a13 a'23 a33

2. Particular matrix identified within the study of the clock
hour figure mathematical model

Based on the matrix code decomposition facility in three elementary matri-
ces M, My M. we obtain the general [6], [9]:

Gi = Mg +M, + M, (13)
where:
h, 0 O 0 h, O
M=| 0 hy 0 |:m=| 0 0 hyl; (14)
0 0 h, hy, 0 O
0 0 hy
m=/h, O O
0 h, O

In connection with elementary matrix are identified and defined three defi-
ning matrices Mioo Migand My :

100 010 0 01
Migo = 010 y Mo = 0 01 y M; = 1 00 (15)
0 01 100 010

This form is valid if the mathematical model is defined through the signum
function or trough the trivalent element algebra.

The clock hour figure mathematical model can be configured in mathemati-
cal terms through several equations code. The equations general form depends on
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the defining manner (through the signum function or through the trivalent element
algebra).

When defining through the sgn function the code equation general form
has the form [6]:

M700
G = (sgnT, sgnT, sgnT) .M, (16)
M,

where sgnT, sgnT, sgnT. coefficient represents the first line of the code
matrix defined trough the sgn function [9]:

sgnTa=nNu; sSgnTp=nN1; sgn Tc = N where n; € (-1, 1, 0).

When defining through the trivalent element algebra the code equation
general form has the form [9]:

M 100
G =Ky, Kp, Ki )My (17)
M,
where kr,, Ko, Krc coefficients represent trivalent constant defined through
the relation:
kra=Nu1; K =N i ke=n13; unde n; € (0, 1, 2).
The code equation expression for the sgn function defining are presented in
table 3 and for the trivalent element algebra are presented in table 4.
The authors propose a unified form for the code equation expression.

M 100

G=(d,, A, 9;)-| M (18)
M,

where: ga = nNu ; Ob = Ni2 ; dc = Mi3; N1, N1z, N1z being defined, by case,
through the sgn function or through the trivalent element algebra.

Given the connection between the defining matrices M;, Mig Mjoo and the
transfer matrix T and that the connection is analytically expressed through the
relations:

T = My; T = Mio; T = Mioo (19)
result the general expression of the code equation that has the form:
T 3
2
G= (da, U Q)T (20)
T 1

The unitary form of the code equation creates the conditions of expression, in
the same embodiment connected to the sgn function (figure 2) and other con-
nected to the trivalent element algebra (figure 3).
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Table 3 Table 4

M. ... M ...
Gl=l -1 0)| a4, | =0 -1 1}[1"-.- Gl=(2 1 o) &, | 0©2=0(1 2)-[”-.—]
M M, o, o,
H._-_- M:.‘: H-_-_- "'::
G3=(0 -1 1) M, | H=C1 -1 13'-[".-: Ga=(0 1 Z)| M, | =012 M,
. . M M.
.H._. : '"'.'.' .H. s "-'.'.'
GS=(-1 0 1) M, | B6=[-11 1)-[1!.-_- GS=(1 0 2)| 4, | 0O6=0 2 2)-["-.—
M. M, M. M,
M M M o
GPal=1 1 0y A | L 1‘1}["—- Gr=(1 2 o) M, | we=0 2 1}[;;._.
M, M
M i -
M, M. M M
Ga=(o 1 -1} M| 0=l -1 M Ga=io 2 1) M| ©lo=@ oz oLl
e o i .
M M. o M.
BH= 01| M| SELclolae Bll=(z 0 I}|M.| ©Gl2=(2 1 1} M,
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Figure 2. The connection between the graph code configuration and the three — phase
transformer terminal connection configuration a) through sgn function; b) through triva-
lent element algebra [6,9]
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Figure 3. The connection between the graph code configuration and the threep-
hase transformer terminal connection configuration g, , gp, g coefficients are
defined in the same form as in the code equation.

3. Conclusions

1. One of the most important discovery of the USV’'s Research Centre EMAD is the
clock hour figure mathematical model represented in the first phase through a
square matrix with three lines and three columns. The lines position reflect the
modification in the high voltage windings terminal and the columns position reflect
the modification in the low voltage winding terminal.

2. Starting from the equation code, the research has marked out the possibility
of clock hour figure mathematical modelling, through a code equation,
respectively through a code graph.

3. Modelling the clock hour figure in the three forms of expression above
mentioned, is realised through the sgn function either through trivalent ele-
ment algebra, obtaining distinct mathematical expression for either manner of
defining.

4. The unification possibility of mathematical model expression form was confirmed
by the fact that the elementary matrices M, M, M., defining matrices M; Mg,
Moo, lagrange matrix L and the transfer matrix T have the same form and in
the case of defining through sgn function either trough trivalent element
algebra.

5. At the end of the paper are presented uniform expression of the mathematical
model through the code equation and code graph that have the same form
through sgn function either trough trivalent element algebra.
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