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Section 4.5.1 Modeling Multiwinding Transformers 113

where the subscript V,, in the integration symbol is used to remind us that this volume
integral is carried out over the winding space occupied by the n** layer. Since the current
density in the air space between winding layers is equal to zero, the resistive portion of
the leakage impedance can be computed entirely from the power loss P, in the winding
layers. On the other hand, the magnetic field intensity is not equal to zero in the air
space between winding layers. Therefore, the estimation of the reactive portion of the
leakage impedance requires not only the computation of W,,, the energy stored in the
magnetic field in the winding layers, but also the computation of the energy stored in the
magnetic field in the air space between winding layers. The computation of the energy
stored in the air space will be discussed in more detail in Section 5.2.5.2.

As will be shown later in Sections 4.5.2 and 4.5.3, it 1s easier in the case of sinusoidal
~ excitation to work with the average power loss and average energy storage over one
period T of the sinusoid. Taking the average of the instantaneous conducting loss P,(t)
and the instantaneous energy storage W, (t) defined in (4.71) and (4.72) then gives

(P, = %/T//‘/”Mdydt (4.73)

(W) 51,- '[_r / / / ” “—°|-I;—(t-)|—2du dt (4.74)

where the symbols (P,) and (W,,) are used to represent the power loss and the energy
storage in the space of the n** winding layer, respectively, averaged over one period of
excitation. The integration with respect to volume and the integration with respect to

time can be interchanged:
J(z
/// / oegE dt) dv (4.75)

W) = /// : / 2 |I;(t| dt) dv (4.76)

By defining the results of the integration with respect to time as
1 [ 3
= L W7 2 NP 77
(pa) T ,/'_;' o s [470)

) = % /T Mdt (4.78)

Il

(Pn)

where (ps) and (wy,) are the average power loss per unit volume and the average energy
storage per unit volume, respectively, the average power dissipated and the average
energy storage in the volume of the nt* layer can be rewritten as:

[[], @ av (479)
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