ON-LINE DIAGNOSTICS OF MECHANICAL DEFORMATIONS OF WINDING
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The important diagnostic parameter of transformer condition is the short circuit resistance Zs. De-
viation of this parameter enables to estimate the level of winding mechanical condition. However
for its detection it is necessary, that the transformer has been disconnected and conditions of short
circuit test are created. This fact reduces opportunities of operative diagnostics. Therefore there is a
necessity of creation of on-line method of detection of the winding deformation. Here such method
is described.

The system of the transformer equations looks like:

Ui=Z11l1+Z 10l
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(1)
Uo= Zo1l1+Z5l;5

Here U;, U, - effective values of voltages of windings; Iy, I, - effective values of currents of wind-
ings; Zij — the coefficients at the currents, which have the resistance dimension (i, j = 1, 2).
The system of the transformer equations can be written down for the currents:

11=Y 11U +Y U
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(2)
1= Y1 Ui+Y 22U,

Here coefficients at voltage Yij have admittance dimension. There are also other forms of the trans-
former system of the equations of [1].

The equations (1), (2) can be represented in the matrix form, which is more convenient for the
analysis and calculations:
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Where the vectors of voltages U and currents | are connected among themselves through square ma-
trixes of coefficients Z or Y.

The system of the equations describes an equivalent circuit (electrical model). There are few
electrical models, two of which are shown on fig. 1. If the electrical model parameters Z;, Y; (or
coefficients Zij, Yij, etc.) are known, it is possible to calculate transformer short circuit resistance
L.
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We can see, that finding of one element of matrix Y is the most efficient decision.
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For the calculation of four coefficients Zi1, Zia, Zo1, Z22 (Or one Y11 ) it is necessary to form two
systems of the equations (1), (1 a) (or (2), (2a)):

U'1=Zul"1+Z5l "

1)
and
U7 1=Zl" 142507,

1)
U 5= Zol""1+Z5l"">
Where U"1, U™y, I'1, 1", - values of voltages and currents corresponding to one value of loading, and
U™, U7, 1771, 1”72 - values of voltages and currents corresponding to other value of loading. Hav-
ing united the systems (1) and (1"") and having solved the new united system, we shall obtain val-
ues of coefficients. In a matrix form this solution looks so:
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Or in the unwrapped kind:

Zi= (Ul 2 U (1 V2= V1 1)
Zi2= (Ul 1+ U1 o) (Pl 2 171 1)
Zo = (Ul 2= U2 U (F L 1 2= 11 1)

Zop = (U 11+ U (1 V2 V1)

ACCOUNT OF NON-LINEARITY OF THE TRANSFORMER

However the resistance found by the described way, is not equal to the resistance measured in
short circuit test. It takes place owing to non-linearity of the transformer. In the operating conditions
the core of the transformer is saturated, and in the short circuit test conditions is not saturated. It
results in nonlinear change of dissipation field parameters though in the classical theory of trans-
formers that parameters are considered linear. Lets show physical bases for this non-linearity.



Fig.2

The core saturation of operating transformer is distinctly not uniform. Extreme packages are
deep saturated, while central packages have little saturation (fig.2). Parameters of saturated domains
are practically linear and their magnetic resistance is much higher, than resistance of non-saturated
domains. It weakens a resulting dissipation magnetic flow in comparison to dissipation flow at short
circuit, and reduces the transformer equivalent electric resistance Zt. As according to theory the
transformer equivalent electric resistance in loaded condition is considered to be practically equal to
short circuit resistance Z, as a result we have error, that can reach 100% and more. Thus, for de-
termination of correct value Zs it is necessary to approximate the calculated value Zsc = Zt to condi-
tions of short circuit test. Such approximation can be performed by multiplying Zsc on coefficient
of non-linearity y (xZsc = Zs). To find coefficient of non-linearity it is possible according to meas-
urements of instant values of currents and voltages:

1. According to measurement data we shall plot VVeber-Ampere loop relationship (VAR) for one
period of current and voltage variation (fig.3).

2. One-valued (not loop) VAR for instant values is found by calculation (fig.3).

3. Volt-Ampere relationship for effective values is determined by calculation (fig.4).

4. The coefficient of non-linearity  is calculated by two points of VVolt-Ampere relationship.
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Estimation of the error

The error of the method of finding Zsc can be counted to the equal sum of errors of instrument
current and voltage transformers. At approximation Zsc to conditions of short circuit test the com-
puting error of determination of coefficient of non-linearity is added.

Conclusion
The method on-line diagnostics of winding mechanical deformation of transformers is described.
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