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Abstract: The letter describes an approach 1o a representation of
transicent behavior due to switching off complex nenlinear circuits. For
this purpose the widely known Jiles model (JM) was implemented into
alternative-tramsient-program (ATDE). Caleulations have been made on
simplilied transformer single-phase and three-phase circuits,
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Introduction: So far a great amount of research has been conducted
on the representalion of hysteresis behavior ol ferromagnetic materials,
Among a1l models, Jiles model (JM} { 1] tukes a significant place in the
representation of dynamic hysteresis in fermomagnetic materials, Smee
the early 1980s many publications have been written about the applica-
tion of this madel for different kinds of materials. Later it was shown
that this model counld also be used Tor ferroresonance studics |2/,

When switching off transformer magnetizing currents the only load
that is seen by the circuit breaker is the wansformer core, which is a
nonlinear mductanee. Ty order 1o represent the behavior of the trans-
former core during switching it is imporiant that a dynamic hysleresis
model be inchuded into the translormer cireuit. After the transformer is
de-energized, the flux no longer Follows the 30 Tz hysleresis curve and
ends with a residual Mux. The consideration of this effect strongly in-
fluences the released magnetic encrgy from Lhe core, which forther in-
[uences the generated overvoltages due o transformer switching. The
approach used in this work provides the possibility for studying the
fransients in complex nonlinear circuits. A concrele example of the dy-
namic flux decay and generated overvoltages is presented. Tt is shown
that the paramelers of the hysteresis model swongly atfect the peak
magnetiszing cucrent, which is responsible for the maxiouon
overvoliage level, We consider a special case when an ideal chopping
{without reignition) in the circuit breaker takes place.

The Theory of the JM: The hysieresis elfect of any ferromagnetic
malerial can be deseribed through the JM, given by a first-order nonlin-
ear differential cquation, which can be setved numerically (o give the
magnetiszation M or magnetic field H if one of these parameters is
known, We use the JM in the following form:

kd~a|M, -M+kd-c .,
qn.
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The effective field is given by
H = H+oM(il). 2

The parameter & in (1) is:

hysleresis is determined by an anhysteretic magnetiszation M
is given by the expression

M, =M, cmh(ﬁ'}-— ‘.
| 4] il (3

where M(A/m) is a saturation magnetiszation and a{A/m) is u parame-
ter that shows how the anhysterctic magnetization seales with H,.
Liguation (1) is solved by means of Runge-Kutta method ol Tourth order
in order to calcolate the magnetization. Numerical computation of (33
and its derivative at small values of He / a(| He ! a]< 0.5) was obtained
by developing (3) in Taylor series in order to avoid the problem of cal-
culating its value around {fe = &, Figure | presents the variation of the
steady-state hysteresis for different values of the parameter £ One
could sce that an increase of this parameter leads to an increase of the
hysteresis losses, Thus, ditferent shapes of steady-state Nystercsis
loops are available. The determination of all parameters in the JM is
passible if we have a measured hysteresis curve, The complete proce-
dure of parameter extraction Mom experimental data and parameters
lor some magnetic materials is given in [1].
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Fignre 1. Caleulated steady-state magnetization versus applied magaetic ficki
for different parameter k
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Figure 2. Single-phase transformer civeit
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Application of the Modekl: The implementation ol the model in
ATP is done by means of nenlincar inductor TYPE-U4- [3], By means of
an inpat voliage at each time step, the magnetic flux density is calen-
laled as

I
B=— [, —U,
NSI( 2~ )

where A is the number of turns, S is ihe cross section of the magnetic
core, and £/, and &7, are the voltages of the inductanee nodes, Magneti-
zalion is expressed as
B
M=—-=
H (3

where A is the caleulated magnetic ficld from the previous time step.
laving the value of M, (1} can be solved to give the magnetic fickd at
cach time step and the nonlinear induclance. The current through the
nonlinear induclance is caleulated by the magnetic tield as.

i
N (6)

joe

where s the length of the magnetic flux path. This method can be re-
peated as many times as the nuniber of nonlinear inductances in the cir-
cuit. The ealeulation was made for the simplified transformer civenit
given in Figure 2. The parmmeters of (1) and the cireuit in Figure 2 are
given in Table 1. The caleulation is done for different values ot parame-
ter «. DFor the steady-state case, caleulated results by ATP were also
checked nomerically. Neglecting the transformer losses we can write

Ll -(UN cos(c]f)—R“i—Lﬁ-(h-),
dr NS dt (7

Taking into account (3) and {6, (1) and (7} arc solved numerically,
Caleulated results are compuared with the ATP simulation and are
shown in Figure 3. Having the model bnplemented into ATP we will
show two examples of switching simplified single-phase and
three-phase unloaded transformer. Results of the simulation for the sin-
gle-phase circuil are shown m Figures 4 and 5. The circnit breaker is
gwitched at peak magnetizing current in order to get the maximum
value of the voltage. 1t can be seen that the parameler ¢ influences the
peak magnetizing current, This causes a different peak vollage after
swilching, Figure 5 shows the residual MMux in the transformer core after
the magnetizing current has disappeared. For a three-phase case, the
same cireuil [vom Higure 2 was used and the transformer is considered
a8 three single-phase transformers. The windings are star connected,
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Figure 3. Calculoted and simulated magnetizing cnrrent and flux

Figure 5. Transforimer flux after de-enerpizing
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Figure 4. The magnetiszing current and terminal voltage after de-energizing
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Kigure 6. Transformer winding fluxes, wmagnetiszivg currcnts, and terminal
voltiges
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The eircuit breaker CB is set to open at maximal magnetizing current
in phase R. The results of 1he simulated transformer fuxes, magnetiz-
ing currents, and the overvoltages after de-energlzing are shown in
Figure 0.

Conclusion: Duc to lack of experimental resolts and field tests, we
compared our results with previous experimental and analytical analy-
ey, In 14| an experimental measurement of 2 dynamic flox decay and
swilching overvoltage of o laboratory single-phase transformer was
done, whereas [3] deals with an implementation of the Preisach model
for transtormer trsient studies.

The resulis presented in this letter are in good agrecment with the re-
sults given in these references, We believe that this approach can lind a
further interest i (he caleulation of transicnt phenomena in networks
with a greater number of nonlinear elements.
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Abstract: This lelter first derives Hamiltenian equation for a power
system with exeitation control. A modificd energy-based Lyapunay
function i then presented for Fast transient stability analysis of con-
trolled power systems.

" Introduction: [t is widely known that excitation control plays an
important role in cnhaneing small-signal mnd ransient stability of
power systems. The teaditional method for transient stability analysis
of the cffects of excitation system on transient stabilily improvement is
based on step-by-step numerical integralion lechnigues. With the in-
creased pressure to maximize power transflers, electric atilities are be-
ing pushed to operate their sysiems much closer (o Ltheir stability limits,
Thus fast transient stability snatysis method based on transient energy
function {i.e., direct method) has been a signiticant tool in power sys-
tem planning, operation, and conirol. Dwing the past two decades, sig-
nificant progress has been made in practical applications of direct
method to transient stability analysis of power systems. Several major
direet methods have heen propased [1], [ 2]. There have alse been sev-
eral atempts w exened the direct method to include excitation control
system [3], but these techniques have only carried out an approximate
estimation of the elTectiveness of excitation control on transient stabil-
ity Therelore, in ihis paper, first one machine connected to an infinite
bus system with excitalion control has been converted into a
Hamilenian system. Then a moedificd energy-based Lyapunov func-
Lion is presented for fast transicnt stability analysis of contrelled power
systems.

Review of the Main Results of Hamiltonian System [4]; A forced
Hamiltonian system can be described as

2 = L) RN o
(VAN
- OH{(.
y= gf (x}ﬁ
dx (n

where x € M, a manifold, &, v € R, J(x) 18 a skew-symmetric malrix
and defines a generalized Poisson bracket on M. R{x) is a nonmegalive
symimelric malrix and defines a symmetrie bracket on the state mani-
fold M, In general, the Tunciion #{x ) represents the total stored energy.
s energy balance can be written as

_— ‘
A B o OHGY

o ax dx 2

where the first terin on the right hand represents the energy dissipation
due to the resislive elements in the system and the second tern is the
power externally supplied (o the sysiem.

According to Lyapunoy stability definition, the function H(x}is a
Lyapunov function For the equilibrium 5 if the function f7(x yhas a lo-
cal mintmum at x, and dF / di < 0 is satisfied. Thus for the unilorced
system, that is w = 0, the total stored energy H{x}is a Lyapunov func-
tion for investigating the stability of the equilibrium x . For the foreed
Hamiltonian system, the forced equilibria £ are Lhe solutions of

Gy )= RGE M G5, o e =
ax 3)

In general, X, will not be a minimum (or cxtremum} of H{x). Farther-

wowwieg.org uk/Cont/, more, nserting ¢ = 7 in {2} yiels
dH(x 0" I« AHXY  _p 4, OH(x
A )=—-—,QR(X)L-I-EF;{’(,L')—-( )
it x ox x 4
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