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Note that the above equation is a real matrix equation. Its solution pro-
vides the unknown coefficients {] of cquation (1), and therefore the
solution (4.

Discussion on “Analvtical Approach to Electric Circuits
Containing Saturating Ferromagnetic Coils™

N. Junssens and Th. Van Cracnenbroeck

In the past. nwerous publications made use of the harmonice balance
method to study the periodic evolutions of nonlinear circuits driven by
sinusoidal voltage sources. A key point of the paper!' of X.-I& Wang,
Xo-LoWang and T-HL Wang s to consider separately the linear and
the nonlinear parts ol the system, based on the fact that the different
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whave inde rmn:]nnl]\ in the linecar part and are

]
he nonlinear elements. Another way to express this is to represent lhc
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linear part by its Thévenin cquivalent for cach frequency considered
1 chin equivalents are -port circuity in case of a

1 i. i'\
unigue nonlinear element or i-port cireuits if there are n nonlinear el-
ements. So, the size of the algebraic system to solve is no more related
to the order of the Tinear part of the system (number of reactive ele-
ments) but only 1o the number of nonlincar elements and the number
of harmonic components considered.

Itis posxlhlc to nhmm dnullv the domuin of existence and xmhllll\'

ol the N slutions 1o some par:

| o e o hy 1
HIC VHTTOUS |y|mn of solutions in sor ¢ i
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an equation expressing that the determinant of a Jacobian s equal to
zero. This allows to find foct ol hllurcutm 15 of the saddie-node type or
of the period doubiing type {11, 4.

Itis also worth mentioning 1h.n not all solutions are described by a set
of odd harmonics or subharmonics. Periedic regimes with even com-
ponents may exist |31, [5]. Quasipertodic oscillations may also appear,
for instance in three phase circuits. These situations can be handled by
the harmonic balance method by making reasonable assumptions [,

I a good correspondence between comouted and measured values is
desired, care must be taken regarding the modeling. A first important
item s the representation of the magnetic characteristic. From our ex-
perience, in general. a representation of the flux—-current relation by
polynomials of limited order (e.g.. 7) does not give an accurate model
on the whole range, especially when the saturation knee is sharp. For
instance, in the paper, the first order coeflicient ay (linear part) 1s neg-
ative. We found it better to use & parabolic spline in order to reproduce
the magnetization characteristic precisely. It was proven necessary to
have this quality of precision to obtain quantitative results in accor-
dance to field tests.

From a practical point of view, the algebraic approximation used in
(26) is limited to systems with u relatively fow number of” harmonics
and to models that can be described by a polynomial of a limited order.
The caleulation of the coefficients at the night-hand side in (26) be-
comes a tedious task if these conditions are not fulfitled. An alternative
and more general approach is to evaluate the nonlinear characteristic
in the time-domain, combined with a Fourier transform to obtain the
harmonic components of the corresponding vartable [, [3], 14].

Another important modeling aspect is “he representation of the core
losses. Fig. § ol the paper shows an evolution of” I3 with relative ex-

tremes. This shows the plcscmc of scumd Yy hy\lcrL sis eycles. A con-
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losses in such circumstances. It is possible to handle this aspect by in-
troducing. at cach iteration of the Newton—Raphson computation. an
cquivalent conductance that is function of all the extremes of the flux
periodic evolution. The eddy current osses are a function of the rms
value of the voltage across the magnetizing branch and must be con-
sidered separately [3]. {5].

Let us also mention that the model descr

ribed in the papcx on Fig.

U‘ CS Il\ll <
mtroduces dddl[l()ndl terms in the cquations, e.g.. in (1()). related in @
complex manner to the state variables. The mlmduclion of these re-
sistances in the Thévenin equivalents is straightforward and does not
burden significantly the computation.
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Discussion of ‘“Measured Transformer Derating and
Comparison with Harmonic Loss Factor (Fg 1) Approach”

T. Batan

An innovative procedure for the measurement of the losses is pre-
sented in [1]. The derating measurements of transformers due to har-
monics of the paper! at hand are based on [1] taking into account
frequency dependent skin and proximity effects in the windings and
the core. The measurement of iron-core and copper losses of single-
phasc transformers is important in particular for transformers feeding
nonlinear loads. Reference [1] devises a new digital data-acquisition
method for the separate measurement of iron-core and copper losses
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of transformers under any full or partial-load condition. The accuracy
requircments of the instruments (voltage. current sensors, volt and cur-
rent meters) employed are A 25 kKVAL 72007240 V single-

phase transformer has been loaded with cither three diode-bridge recti-

addressed.

ficrs and/or a thyristor-bridge rectificr at varving total harmonic voltage
and current distortions such that at maximum permissible apparent
power the losses are identical (o the rated losses. The maximum crrors

Ui

sensors with 2% and digital instrunents with O0.1% errors are used.

e

The derating under nonlinear loads s measured as a function of domi-
nant 3rd and Sth current harmonics.
is studied.

i'he iniluence of voltage distortion
The total harmonic distortion of the current (7711 D)) was
varied greatly from 0 to 90% and the resulting voltage 771110,

were bdm\ 6%
]

values

ven PU\\LI system lI]\[N(MH

for lhc ¢
hesis [+

= r;

iltustrate: s S g
1'01‘mcrs can be caleulated tmm IlLId plots. The major conclusion of
the above-mentioned thesis is that the cddy -current distribution within
transformer windings is indirectly dependent upon the saturation of the
transformer core [ 1. Fig. 2], The authors have measured apparent and
real powers. Have the authors also measured reactive and distortion

powers?
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Discussion of “Measured Transformer Derating and
Comparison with Harmonic Loss Factor (Fgrp) Approach™

>, 1. Roesler

In the above paper.! the authors show that the apparent power der-
ating calculation of a transformer can be either based on the K-tactor as
described in reference 1 or on the harmonic loss factor Iy provided
the eddy-current loss coefficient £7p ¢ -y 15 known. Irom this paper one
can conclude that the Iy approach generates a somewhat smaller re-
duction of the apparent power rating (as is depicted in Fig. 2) than the
K-factor approach (as illustrated in Fig. 4 of reference [1]). Is this in-
cquahty always true? How large is this mequality?

For commonly occurring THD, values of about 20% the apparcit
power derating (Fig. 2) and the reduction of real power
(Fig. 3) are quite small, while for THID,

capability
values of 90% the latter is
quite large. It appears, therefore, that it might be appropriate to define
transformer derating in terms of the reduction in real power. Can the
authors comment on this questiorn”? How could the method of this
paper be applied to very large transformers?
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