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(57) In the fast steady state field analysis method, the
following processes are executed in a computer: the
physical quantity of the analysis object is calculated
through transient analysis based on an analysis
execution module in which a differential equation
including the time-derivative term is made discrete; a
time-averaged value of the calculated physical quantities
of the analysis object that are present in a set time width
is calculated; the physical quantity of the analysis object
calculated in step 21 for each time step is corrected by
using a time harmonic order correction equation for time
averaging with the calculated time-averaged value taken
into consideration; after the physical quantity became in
the steady state, the physical quantity of the analysis
object in the steady state is calculated through transient
analysis in which a differential equation is used. The
calculated physical quantity of the analysis object in the
steady state may be displayed.
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FAST STEADY STATE FIELD ANALYSIS METHOD, FAST STEADY STATE
FIELD ANALYSIS APPARATUS, FAST STEADY STATE FIELD ANALYSIS
PROGRAM, AND COMPUTER~READABLE RECORDING MEDIUM OF STORING

ITS PROGRAM

The present invention relates to a fast steady state
field analysis method, a fast steady state field analysis
apparatus, a fast steady state field analysis program, and

a computer-readable recording medium of storing its program.

Bnalysis methods using a finite-element method have
been known as conventional typical non-linear magnetic
field analysis methods. Some non-linear magnetic field
analysis methods are used together with an iterative method
based on the incomplete Cholesky conjugate gradient method
(ICCG method) or with the Newton-Raphson methced by which
magnetic permeability is successively corrected. These
methods is described in, for example, Takayoshi Nakata and
Norio Takahashi, “A finite element method in electrical
engineering”, Morikita Publishing Co., pp. 195-208, 1986.

When a solution is cbtained by performing transient

analysis on a differential equation that handle a transient
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phenomena having a time-derivative term and when the time
constant of a time damping term is long, transient analysis
involving many time steps is necessary. To solve this
problem, TP-EEC method, polyphase alternate current TP-EEC
method, and TDC method were developed. The TP-EEC method is
described in Tadashi Tokumasu, Masafumi Fuijita, and Takashi
Ueda, “Problems remained in practical usage of 2
dimensional electromagnetic analyses (3)”, Jjoint technical
meeting on static apparatus and rotary machinery, IEE Japan,
SA-08-~62/RM-08-69, pp, 77-82, 2008, and in Yasuhito
Takahashi, Tadashi Tokumasu, Masafumi Fujita, Shinji Wakao,
Takeshi Iwashita, and Masanori Kanazawa, “Improvement of
convergence characteristic in nonlinear transient eddy-
current analyses using the error correction of time
integration based on the time-periodic FEM and the EEC
method”, Transactions of the Institute of Electrical
Engineers of Japan B, Vol. 129 (2009), No. 6, pp. 791-798.
The polyphase alternate current TP-EEC method is described
in Tadashi Tokumasu, Masafumi Fujita, and Takashi Ueda,
“Problems remained in practical usage of 2 dimensional
electromagnetic analyses (4)”, joint technical meeting on
static apparatus and rotary machinery, IEE Japan, SA-09-
6/RM-09-6, pp, 29-34, 2009. The TDC method is described in
Kenji Miyata “Fast analysis method of time-periodic

nonlinear fields”, joint technical meeting on static
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apparatus and rotary machinery, IEE Japan, MAG-10-8/SA-10-
8/RM-10-8, pp. 43-48, 2010.
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In the TP-EEC method, periodicity related to time is
directly used. Therefore, basically, if transient analysis
is not carried out in a half pericd or one period, the
physical quantities of an analysis cobject cannot be
corrected. This correction is completed in about three
times. When a half-period boundary condition is met,
however, calculation for about 1.5 pericds is necessary
until the correction is completed. When one-period boundary
condition is met, calculation for about three periods is
necessary until the correction is completed. In one
calculation for correction, matrix equations must be solved.
This is problematic in that time taken to carry out
calculation for correction is relatively prolonged.
Furthermore, since calculations for about 1.5 or three
periods are necessary for correction, if the period of a
basic frequency compecnent is very long, not only a long
caiculation time is necessary for correcticn, but also the

damping field is somewhat damped during the calculation,
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lessening the effect of obtaining a steady state field in a
short time by using the TP-EEC methoed. In the TDC method,
since time harmonics are an obstacle to correction, if
there are many time harmonics, correction power is lowered.
A preferred aim 0of the present invention is to provide a fast

steady state field analysis method, a fast steady state

‘field analysis apparatus, a fast steady state field

analysis program, and a computer-readable recording medium
storing its program, by which physical quantities of an
analysis object in a steady state may be precisely obtained
in a short time in transient analysis of a phenomenon

including a time-derivative term,

A feature of the present invention
, comprises of carrying out a first analysis in

which a physical quantity of an analysis cbject is
calculated by an analyzing apparatus through transient
analysis based on an analysis executing module in which a
differential equation including a time term is made
discrgte; correcting the calculated physical guantity by
using a time harmonic order in a first correcting
apparatus; and carrying out a second analysis after the
correction of the physical quantity, in which a physical
guantity of the analysis cobiject in a steady state is

calculated by using the analyzing apparatus through
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transient analysis based on the analysis executing module
in which the differential equation including a time term is
made discrete.

Since the physical quantity obtained through transient
analysis of the analysis object is corrected in

consideration of the time harmonic of the physical quantity

of the analysis object, the physical quantity (steady state

solution) of the analysis object in its steady state can be
precisely obtained in a short time in transient analysis of
a phenomenon including a time-derivative term.

It is desirable to calculate a time-averaged value of a
plurality of physical quantities that are present in a set
time width and are calculated in the first analysis by
using a time averaging apparatus, and to carried out the
correction of the physical quantity by the first correcting
apparatus by using a time harmonic order that reflects the
time averaged physical quantity.

Since the correction is carried out in consideration of
a time-averaged physical quantity (time-averaged value of
the calculated physical quantity of the analysis object),
an effect on the correction by the use of a time harmonic
(sub-harmonic) that is not considered in the correction can
be reduced and the precision of the obtained steady state

solution can be further improved.
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According to the present invention, the physical
quantity of the analysis object in its steady state may be
precisely obtained in a short time in transient analysis of

a phenomenon including a time-derivative term.

In the drawings .

FIG. 1 is a flowchart showing a processing_ppqqugrgﬂnum o

executed in a fast steady state field analysis method
according to a first embodiment which is a preferred
embodiment of the present invention.

FIG. 2 is a structural diagram showing a computer that
executes a processing procedure shown in FIG, 1.

FIG. 3 is an explanatory drawing showing time varying
changes of y in a numeric calculation example when a
processing procedure shown in FIG. 1 is executed.

FIG. 4 is an explanatory drawing showing time varying
changes 1in error with respect to a theoretical solution in
a numeric calculation example when a processing procedure
in shown FIG. 1 is executed.

FIG. 5 is a flowchart showing a processing procedure
executed in a fast steady state field analysis method
according to a second embodiment which is another
embodiment of the present invention,

FIG., 6 is a flowchart showing a processing procedure

executed in a fast steady state field analysis method
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according to a third embodiment which is another embodiment
of the present invention.

FIG. 7 is a flowchart showing a processing procedure
executed in a fast steady state field analysis method
according to a fifth embodiment which is another embodiment

of the present invention.

Embodiments of a fast steady state field analysis
method of the present invention will be described in detail.
In the embodiment of the fast steady state field analysis
method of the present invention, calculations are performed
in a plurality of time steps, and physical guantities of an
analysis object are obtained through transient analysis
based on a differential equation including a time-
derivative term. The fast steady state field analysis
method is executed by a computer, which is an operation
apparatus, and analysis results are stored in a storage
apparatus and displayed on a display apparatus.

[First embodiment]

A fast steady state field analysis method in a first
embodiment, which is a preferable embodiment of the present
invention, will be described below with reference to FIG. 1.

The fast steady state field analysis method of the

present embodiment is executed by a computer 1, which is an
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operation apparatus, shown in FIG. 2. As shown in FIG. 2,
the computer 1 has an operation apparatus 2, a display
apparatus 6, and an input apparatus (for example, a
keyboard or a mouse) 7. The operation apparatus 2 has a
central processing unit (hereafter referred to as the CPU)
3, a storage apparatus 4, and an input/cutput interface 5.
The CPU 3 is connected to the input/output interface 5, and
the storage apparatus 4 is connected to the CPU 3 and the
input/output interface 5. The display apparatus 6 and input
apparatus 7 are connected to the input/output interface 5.
The storage apparatus 4 stores in advance a processing
procedure, shown in FIG., 1, executed in the fast steady
state field analysis method, a differential equation
including a time-derivative term, which is used to
calculate physical quantities of a analysis object (for
example, Maxwell’s equations or their variations when
electromagnetic field analysis is carried out), and controcl
data used to control analysis processes. The control data
includes the necessary number of corrections, and a time
harmonic order used to correct the physical quantities
calculated through analysis. The control data is stored in
a data file in the storage apparatus 4. The processing
procedure, shown in FIG. 1, executed by the fast steady
state field analysis method is programmed as a program of

the fast steady state field analysis method and is stored
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in advance in the storage apparatus 4. The storage
apparatus 4 is a recording medium that can be read by the
CPU 3.

The processing procedure in the fast steady state field
analysis method, which is used in the present embodiment,
includes a data input process 10, an analysis process 20, a
process 31 for storing analysis result, and a display
process 3Z2. The fast steady state field analysis method,
executed by the computer 1, in the present embodiment will
be specifically described with reference to the processing
procedure shown in FIG. 1.

When the computer 1 is set up to execute the fast
steady state field analysis method and the operator enters
informaticn about an analysis object from the input
apparatus 7, the CPU 3 reads out a program including the
processing procedure shown in FIG. 1 and a differential
equation used for the analysis from the storage apparatus 4,
and stores the program and differential equation in an
internal memory of the CPU 3. The CPU 3 also reads out the
control data stored in the data file in the storage
apparatus 4 and displays the contrcl data on the display
apparatus 6. The operator selects information necessary for
analysis of interest from the control data displayed on the
display apparatus 6. The CPU 3 inputs the selected control

data (step 12). The selected contrel data is stored in an
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internal memory of the CPU 3. Specifically, when the
operator selects with the mouse a value of the number of
corrections, a time harmonic order used in the analysis,
and a value of a time-averaged width (number of time-
averaged steps) from the control data, displayed on the
display apparatus 6, which includes the numbers of
corrections, time harmonic orders, and time-averaged widths,
the value of the selected number of corrections, the
selected time harmonic order, and the value cof the selected
time-averaged width are stored into the internal memory of
the CPU 3.

The operator further enters discrete data (mesh data)
of the analysis object, which is used to numerically solve
the differential equation, from the input apparatus 7. The
CPU 3 inputs the discrete data (mesh data) of the analysis
ocbject, which is used to numerically solve the differential
eguation, through the input/output interface 5 (step 11)
and stores the discrete data in the internal memory of the
CPU 3. The control data may also be entered into the CPU 3
by the operator through a graphic user interface (GUI) or
the like.

Upon completion of the data input process 10, the CPU 3
executes the processes of the analysis process 20. The
analysis process 20 includes a correction process 25. The

correction process 25 includes processes executed in steps



10

15

20

25

_.12_

21 to 24. First, a first analysis is carried out in which
the physical quantity of the analysis cobject is calculated
through transient analysis based on an analysis execution
module in which a differential equation is made discrete
{step 21). The analysis execution module in which the
differential equation is made discrete is created from the
discrete data (mesh data) of the analysis object, which has
been input in step 11. In the transient analysis in which
the analysis execution module is used, the physical
gquantity of the analysis object is calculated for each time
step (execution of the first analysis). A conventional
known method is used to create the analysis execution
module in which the differential equation is made discrete
and to carry out the analysis based on the module. After
the physical guantity of the analysis object has been
calculated, the analysis result is stored in the storage
apparatus 4 (step 22). The physical quantity of the
analysis object, which has been obtained in step 21, is
stored in the storage apparatus 4 for each time step.

A time-averaged value of the calculated physical
quantity of the analysis object is calculated (step 23).
Specifically, a time-averaged physical quantity of the
analysis object 1s calculated based on the physical
guantity of the analysis object, which has been calculated

and stored in the storage apparatus 4, the calculated
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physical quantity being present in the fime averaged width
input in step 12. When the time-averaged physical guantity
of the analysis object is obtained, the time harmonic

components included in the physical quantity are averaged.

The physical quantity of the analysis object is
corrected by using the time-averaged width and time
harmeonic order (step 24). Specifically, the physical
gquantity of the analysis object for each time step, which
has been stored in storage apparatus 4, is corrected by
using the time-averaged width and the time harmonic order,
which have been input in step 12. The time-averaged
physical quantity of the analysis obiject, obtained in step
23, is reflected in a correction equation in which the
time-averaged width and time harmonic crder are used.

The correction equation in which the time harmonic
order is used will be described before the correction
process in step 24 in the present embodiment is described.

In step 24, the calculated physical quantity of the
analysis object is subjected to correction in which a basic
wave and a time harmonic are extracted from the physical
guantity of the analysis object, which is an analysis
result in an initial non-steady state field, obtained in
the analysis in step 21, and then the initial ncn-steady
state field is replaced with the sum of the basis wave and

the time harmonic. This correction is carried out once or a
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plurality of times.

One method of extracting the basic wave component and
time harmonic component from the physical quantity of the
analysis object, which is the analysis result in the
initial non-steady state field, is to extract an
approximate basic wave component and time harmonic
component by performing Fourier expansion on an analysis
result in a half period or one period. Alternatively,
Fourier expansion may be carried out after damped
components were approximately removed from the physical
guantity of the analysis object, which is the analysis
result in the initial non-steady state field.

To increase precision with which the basic wave
component and time harmonic component are extracted, it is
preferable to carry out a time-averaging process on the
calculated physical quantity of the analysis object for the
physical quantity of the analysis object which is an
analysis result in an initial non-steady state field,
within a certain time width, and to remove approximately
time harmonic components that contribute to corrections
only to a limited extent. In step 24 in the present
embodiment, the correction equation using the time harmonic
order for which the time-averaging process has been
reflected is used. Of course, if such a time harmonic

component is small or is not included, this averaging



10

15

20

25

process 1s not necessary.

To perform Fourier expansion in the correction of the
physical guantity of the analysis object, the analysis
results of the physical quantity of the analysis object
need to be in a half period or one period. In the
correction in the present embodiment, which will be
describe below, the basic wave and time harmonic are
extracted from analysis results obtained in a time shorter
than a half periocd to obtain the physical guantity of the
analysis object in an substantially steady state field.

To simplify explanation, a description related to a
one-variable field x(0) is performed by using a time
variable 0 represented by an electrical angle. When a
steady state fileld is half cyclic, that is, the condition
{0 + ) = -x(0) is satisfied, the steady state field is
constituted by only odd-order time harmonics. 1In view of
the damping field of time constant 1, x(0) is represented by,
for example, eqguation {1).

x(8)= ae +iz:x,,. (9)4»%1',(9) «as (1)
where ag 1is an initial value of the damping component term,
¥n is a time harmonic component to be considered, x; is a
time harmonic component not to be considered, vy is
reciprocal of the damping time constant of the damping
component term. The third term in the right side of

equation (1) indicates a time harmonic (sub-harmonic) other
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than the time harmonic with the entered time harmonic order.
The variable 0 is a time variable represented by an electric
angle. To lessen the effect on correction of the sub-
harmonic, equation (1) is time-averaged. If the time
average field is assumed to be y = y(8) = <x(8)> and a phase
width for time averaging is assumed to be 2¢, equation {1)
can be approximately represented by equation (2}.

WHO)= ae” +32:;y"‘ (%) s (2)
where yn{0) can be represented by equation {(3).

[0032]

WOl @2 0 ety

where ¢ is a half of the value obtained by converting the
time-averaged width to the phase width of the basic wave
compeonent. In a second embodiment described later, the
effect on correction of time harmonics other than a main
time harmonic is infinitesimal and the phase width 2¢ for
time averaging can be thereby considered to be 0.
Accordingly, the same description as in the present
embodiment is possible. If 2m-order time differentiation is

applied to equation (3), equation (4) can be obtained.

dZmy(6

2T (a6 )

If time differentiation up to 2p order is used, the p

number of simultaneous equations (m =1, 2, .., p) are given
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and the p number of values of the time harmonic ymﬁﬁ) can
be obtained. In view of equation (3), equation (5) is
obtained as a time harmonic order correction eguation used
to obtain a steady state field of the original unknown

quantity field x(6).

{0 -¢)= f‘;g,,,ym @), g,-= "

sin g

1+ (5)

where x"®

represents x after correction. To numerically
obtain a time differential value of the 2p order, a value
for (2p + 1) steps needs to be used. When it is considered
that a central difference is used to increase the
calculation precision of numerical differentiation, it is
necessary that the correction is performed from the p
previous steps, besides ¢, which is a half of the phase
width used for averaging. Correction algorithms with time
harmonics taken into consideration will be shown below for
cases in which the number of time harmonics is 1, 2, and 3.
For convenience, 2m-order differentiation of y{(0) will be
represented as y ™ (8).

A time harmonic order correction eqguation with one n-
order time harmonic taken into consideration will be
derived. Equation (2) can be represented as equation (6).

»(0)= aw™ +y,(8)+y,(6) -+ (6)

The second-order differentiation and fourth-order

differentiation in equation (6) can be respectively
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rewritten as equations (7) and (8).
y2(8)= -1 (8)-n’y,(8) e (7)
¥0)= 5 (6)+r'y,(9) -+ (8)

2

If N = n°, then equations (7) and (8) can be

respectively rewritten as equations (9) and (10).

2 {4
y;(6)=~Ny“(?ff ) e (9)

0)+y(6)
N(N-1)

7,(8)= +<(10)

The time harmonic order correction equation with one n-
crder time harmonic taken into consideration can be
represented as equation (11) by using eguations (9) and
(1C).

™ (0-4)= g (6)+8.2,(6) ses (11)

Next, a time harmonic order correction equation with
cne n-order time harmonic and one m-order time harmonic
taken into consideration will be derived. Equation {2) can
be rewritten as equation (12).

»(O)= ae™ +y,(0)+,(6)+,(0) e {12)
where a’y is the initial value of the damping component
after time averaging. The second-order differentiation,
fourth-order differentiation, and sixth-order
differentiation in equation (12) can be respectively

rewritten as equations (13), (14), and (15).

¥2(8)=-y,(8)~n*y,(8)-m*y,(6) wen (13)
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¥4(6)= 3 (6)+ 'y, (6)+ m'y, (6) e (14)

YU E)=-2(8)-7'y,(6)~m'y.(9) ==+ (15)

If N = n® and M = m?, then equations (13), (14), and
(15) can be respectively rewritten as equations (16), (17),

5 and (18).
NMy®(9)+(N + M)y (8)+ y*(9)
y&&):—

(¥N-1)(M -1)

e (i6)

AL O

N (2)(9)+(N+1) (4}(9)+ (6)(9)
= M(M—I)E’M—N)y ree(18)

10 ym(ﬁ)m

Equation (192) can be obtained by using equations (16},
(17), and (18), eguation {19) being a time harmonic order
correction equation with one n-order time harmonic and one

i5 m-order time harmonic taken into consideration.

¥(0-4)= 831 (0)+ 2.7, (8)+ 2,y (6) e re (19)

Next, a time harmonic order correction eguation with
one n-order time harmonic, one m-order time harmonic, and
one k-order time harmonic taken into consideration will be

20 derived. Eguation (2) can be rewritten as equation (20).

»B8)= ae™ + y(0)+y,(0)+ y.(8)+y.(6) -« (20)

The second-order differentiation, fourth-order
differentiation, sixth-order differentiation, and eighth-
order differentiation in equation (20) can be respectively

25 rewritten as equations (21}, (22), (23), and (24).
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y8)= -y (8)~ 'y, (8)-m'y, (8) - K3, (6) aa (21)
Y (8)= 7 (8)+n'y, (8)+ m'y, () + Ky, (6) -+=(22)
Y (6) =~y (0) -1y, (6) = 'y, (8)- £, (6) “e+(23)
YO (8) = 3,(8)+ 'y, (B)+ m'y, (6)+ Ky, () e (24)

If N = n2, M = mz, and K = kg, then equations (21), (22),
{23}, and (24) can be respectively rewritten as equations

(25), (26), (27), and (28).
_ NMKy®(6) + (NM + MK + KN)y® (6)+ (N + M + K)y(6) + ¥ (6)

»n(6)= ) +++(25)
5(6)= MKy (8)+ (MK + ,\}:l( ; 12)(‘;;(91;)(:4 +K ;-1) y(8)+y9(6) e (26)
ym(g)aKN}"”( )+ (KN 4;(;”)1)‘(‘;59)1{5? A;N ;)) y0(6)+ () e (27)
yk(e)zwy‘”(f?) (i +N(+M))((;(9Lﬁ;(([f‘(’ +$’)ﬂ) 10 (6)+y"(0) e (28)

Equation (29) can be obtained by using equations (25},
(26), (27), and (28), equation (29) being a time harmonic
order correction equation with one n-order time harmonic,
one m-order time harmonic, and one k-order time harmonic
taken into consideration from equations (21).

X(0-8)= gy (0)+ 8.3, () + 2.7, (8)+ 8,3 (6) = (29)

As described above, when the number of time harmonics
is n, values for odd-numbered orders up to 2(n + 1) can be
used for correction.

Equations to numerically obtain seccond-order
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differentiation, fourth-order differentiation, sixth-order
differentiation, and eighth-order differentiation will be
shown below. In each differentiation, a central difference
is used to increase the precision of the eguation.
Differentiation equations in an s-th step can be written as

equations (30), (31), (32), and (33).
y(;} - y(ul) - Zy(s) + y(.nl)
(a6)

«+=(30)

" y(s«r»z) B 4y(s+l) 'F‘G}’(,) —4}’(34) +y(s~2} cev (31)
(a6)

) _ y(n!} - Gy(nz) + lsy(s-n] - 20y(£) + ]‘sy(a—:) - 6y[5-1) + y(s—B}
yW= (20) <+« (32)

® _ y{nd] - gyfn!) + 28y(5+2) - Sﬁy(n-l) + 7{})}(:) - 56}’(;«}) + 28)’(;«2) - sy(s-i) + y{s-—-&)
y (A9)5 rxu (33)

As shown above, calculations over many time steps are
necessary to obtain high-order differentiations. If too
many time harmonics are considered, the number of time
steps required for correction is increased accordingly.
Therefore, too many time harmonics are disadvantageous in
reducing a calculation time taken to carry out correction.

Assuming that a time-averaging process for the phase
width 2¢ related to the variable field x(0) is equivalent to
a time average between a time (s -~ g) step to a time (s +
q) step, a time average y(s) can be represented by equation

(34} .
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1 $1q

O X,
Yisy 251'*‘11:.:-9 J

-+ (34)

In this case, the value at time t; is corrected by using
the value of x that was calculated until time ts + qr SO the
correction needs to be executed at the time point g time
steps before. If time averaging is not performed, in which
case g is 0. In addition, when 2p-order time
differentiation is calculated, the correction needs to be
executed at the time point g time steps before. After all,
the correction needs to be executed at the time point (g +
p) time steps before. Even if the number of previous steps
to be traced is not (g + p), a correcticn effect can be
obtained accordingly, so the number of previous steps to be
traced is not limited to (g + p).

In step 24 in the present embodiment, the physical
quantity of the analysis object for each time step is
corrected by using any one of the time harmonic order
correction equations represented by eguations (5), (11),
(19), and (29). Which one of equations (5), (1l1), {(19), and
(29) is used as the time harmonic order correction equation
in step 24 is determined when the operator selects a choice
from the time harmonic order correction equations,
represented by equations (5), (11), (19), and (29),
displayed on the display apparatus 6 with the mouse in step

12. The time harmonic order correction equations,
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represented by (5), (11}, (19), and (29), are time-
averaging time harmonic order correction eqguations. In
correction in step 24, the physical quantity of the
analysis object for each time step, which has been stored
in the storage apparatus 4 in step 22, 1s corrected by
using the time-averaged width and time harmonic order,
which have been input in step 12 according to the choice.
The time-averaged physical quantity of the analysis object,
which has been calculated in step 23, is reflected in the
correction equation in which the time-averaged width and
time harmenic order used in this correction are employed.
Specifically, the time-averaged harmonic component of the
calculation object, which is included in equation (5), is
calculated by using the time-averaged physical guantity and
its odd-numbered order time differential values.

Whether correction has been carried out a set number of
times is determined (step 26). Specifically, whether the
correction in step 24 has been carried out by the set
numper of corrections which has been input in step 12, is
determined. If the determination result is “No”, each of
the processes of steps 21~26 is. carried out. If the
determination result in step 26 1s “Yes”, analysis in step
27 1s exzecuted.

A second analysis is carried out in which the physical

quantity of the analysis object in a steady state is
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calculated through transient analysis in which a
differential equation is used (step 27). BAfter the
correction in step 24, the physical guantity of the
analysis object is placed physical quantity in a steady
state. In step 27, the physical guantity of the analysis
object in the steady state is calculated through the
transient analysis in which the differential equation used
in step 21 is employed {execution of a second analysis). In
this transient analysis, the physical guantity of the
analysis object in the steady state field in one period can
be obtained for each time step.

The analysis result obtained in step 27 is stored (step
31). S8pecifically, the physical quantity of the analysis
object in the steady state field for each step, which has
been obtained in step 27, 1s stored by the CPU 3 in the
storage apparatus 4. The analysis result is displayed on
the display apparatus é (step 32). The CPU 3 outputs the
physical quantity of the analysis obiect for each time step
in the steady state, obtained through transient analysis
carried out in step 27, to the display apparatus 6 through
the input/output interface 5. As a result, the physical
guantity of the analysis object, obtained for each time
step in the steady state, is displayed on the display
apparatus 6. In step 32, the CPU 3 outputs the physical

gquantity of the analysis object for each time step, which
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has been obtained through transient analysis carried out in
step 21, and the physical guantity of the analysis object
for each time step, which has been obtained through
correction carried out in step 24, to the display apparatus
6 through the input/output interface 5. These physical
gquantities are displayed on the display apparatus 6. Since
the physical quantity of the analysis object, obtained for
each time step in the steady state, is a solution of
analysis according to the fast steady state field analysis
method of the present embodiment, the physical gquantity
must be surely displayed on the display apparatus 6. The
physical quantity obtained through transient analysis in
step 21 and the physical quantity obtained through
correction in step 24 are displayed on the display
apparatus 6 as necessary.

The inventors thought out a sample model targeted at
simultanecus differential equations related to two
variables, x and y, to prove a specific effect of
correction in the present embodiment. As an example, a
simultaneous differential equation, indicated as eguation
(35), in which third-ocrder, fifth-order, and seventh-order
time harmonics are present in the source term will be
explained. Equaticns (5), (11), (19), and (2%8) are
correction equations used to approximate the physical

gquantity calculated in step 21 to the value in the steady
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state field. Equation (35) is a sample differential
equation (governing equation related to the physical

guantity of the analysis object).

2 -l\(x), (dsld 0
z' = LI B
-1 2 )\y) \@lat sin0+%sin36+%sin59+-é-sin7€ (35)

Analysis results obtained when x = 0.1 and y = 0.8 are
set in equation (35) as initial values is shown in FIG., 3
and FIG. 4.

FIG. 3 illustrates time varying changes of y for five
cases in which the physical quantity of the analysis object,
obtained through transient analysis in step 21, was not
ceorrected, was corrected by the simplified TP-EEC method,
was corrected by the TP-EEC method, was corrected by the
TDC method, and was corrected by the time harmonic order
correction method, in the present embodiment, based on time
averaging with three time harmonics taken into
consideration {(time-averaged time harmonic order)
(characteristic 53). It can be appreciated from FIG. 3 that
the correction in the present embodiment causes convergence
to the steady state in the shortest time when compared to
the conventional simplified TP-EEC method, TP-EEC methoed,
and TDC method.

FIG. 4 illustrates time varying changes in error

between the steady state theoretical solution and the
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corrected physical guantity for cases in which the physical
quantity of the analysis object, obtained through transient
analysis in step 21, was not corrected, was corrected by
the simplified TP-EEC method, was corrected by the TP-EEC
method, was corrected by the TDC method, and was corrected
by using the time-averaged time harmonic orders in the
present embodiment. As for the present embodiment, the
drawing illustrates three examples in which correction was
carried out by using time-averaging time harmonic orders
with third-order time harmonics taken into consideration
(characteristic 51), correction was carried out by using
time-averaging time harmonic orders with third-order and
fifth-order time harmonics taken into consideration
(characteristic 52), and correction was carried out by
using time-averaging time harmonic orders with third-order,
fifth-order, and seventh-order time harmonics taken into
consideration (characteristic 53). It can be appreciated
from FIG. 4 that the correction in the present embodiment
can obtain a steady state field in less time steps and
causes smaller error in physical guantity between the
steady state theoretical solution and the corrected
physical quantity than in the cases in which correction was
not carried out, correction was carried out by the
simplified TP-EEC method, and correction was carried out by

the TP-EEC method, that is, a precise physical quantity is
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The computer 1, which executes the fast steady state
field analysis method of the present embodiment, functions
as a fast steady state field analysis apparatus. The
computer 1 has an analyzing apparatus for executing step 21
(first analyzing apparatus), an analysis result input
apparatus for executing steps 22 and 31 to store analysis
results (calculated physical gquantities) in the storage
apparatus, a time calculating apparatus for executing step
23 (time averaging apparatus), a correcting apparatus for
executing step 24 (first correcting apparatus), a
determination apparatus for executing step 26, and an
analyzing apparatus for executing step 27 {second analyzing
apparatus). The analyzing apparatus for executing step 21
{first analyzing apparatus) and the analyzing apparatus for
executing step 27 (second analyzing apparatus) may be
combined into one analyzing apparatus.

According to the present embodiment, since the physical
gquantity obtained through transient analysis of the
analysis object is corrected in consideration of the time
harmonic of the physical quantity of the analysis object,
the physical quantity (steady state solution) of the
analysis object in its steady state can be precisely
obtained in a short time in transient analysis of a

phenomenon including a time-derivative term. Furthermore,
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since in the present embodiment, correction is carried out
in consideration of a time-averaged physical quantity
(time-averaged value of the calculated physical quantity of
the analysis object) in particular, an effect on correction
by the use of a time harmonic (sub-harmonic) that has a
time harmonic order not included in the control data input
in step 12 can be reduced, and thereby the precision of the
obtained steady state solution can be further improved.

[Second embodiment]

A fast steady state field analysis method according to
a second embodiment which is another embodiment of the
present invention will be described below with reference to
FIG., 5. The fast steady state field analysis method of the
present embodiment is also executed by the computer 1,
which is an operation apparatus.

A processing procedure (program) for the fast steady
state field analysis method of the present embodiment is
executed by the computer 1. The processing procedure
includes processes shown in FIG. 5, which are stored in the
storage apparatus 4 in the computer 1. The processing
procedure shown in FIG. 5, which is used in the present
embodiment, is a processing procedure in which the process
executed in the step 12, and analysis process 20 are
respectively replaced with the process executed in step 12A,

and an analysis process 20A in in the processing procedure
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shown in FIG. 1, which have been used in the first
embodiment. The other processes in the processing procedure
in FIG. 5, used in the present embodiment, are the same as
in the processing procedure shown in FIG. 1, used in the
first embodiment. The analysis process 20A includes a
correction process 25A and processes executed in step 26
and 27. The correction process 25A has a processing
procedure in which in the correction process 25, step 23 is
removed and a process executed in step 24 is replaced with
the process executed in step 24. The other processes in the
correction process 25A are the same as in the correction
process 25.

The fast steady state field analysis method of the
present embodiment will be described mainly for differences
from the first embodiment. In step 12A, the averaged time
width, which has been input in step 12, is not input, but
the number of corrections and a time harmonic order
correction equation used in this analysis are input.
Similarly to the first embodiment, the discrete data of the
analysis object is input (step 11), the physical guantity
of the analysis cbject is calculated through transient
analysis (step 21), and the analysis resultis are stored in
the storage apparatus (step 22).

The physical quantity of the analysis object is

corrected by using a time harmonic order (step 24A).
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Specifically, the physical guantity of the analysis object,
stored in the storage apparatus 4, for each time step is
corrected by using the time harmonic order correction
equation input in step 12A. The time harmonic order
correction equation used in the correction in step 242 is a
correction eguation that uses any one of the time harmonic
order equations, represented by equations (5), (11), (19),
and (29), in which ¢ is set to 0. In step 24A, the
calculated physical quantity of the analysis object for
each time step is corrected by the correction equation that
uses a time harmonic order, that is, by the basic wave and
a time harmonic.

Each of the prccesses in steps 26, 27, 31, and 32 is
then executed as in the first embodiment. In step 32, the
physical quantity of the analysis object, obtained for each
time step through transient analysis in step 27 after the
steady state has been reached, is displayed on the display
apparatus 6. The physical quantity obtained through
transient analysis executed in step 21 and the physical
quantity obtained by correction executed in step 24 are
also displayed on the display apparatus 6.

The computer 1, which executes the fast steady state
field analysis method of the present embodiment, functions
as a fast steady state field analysis apparatus. The

computer 1 has an analyzing apparatus for executing step 21



10C

15

20

25

- 32 -~

(first analyzing apparatus), an analysis result input
apparatus for executing steps 22 and 31 to store analysis
results (calculated physical quantities) in the storage
apparatus, a correcting apparatus for executing step 24A
(first correcting apparatus), a determination apparatus for
executing step 26, and an analyzing apparatus for executing
step 27 (second analyzing apparatus). The analyzing
apparatus for executing step 21 (first analyzing apparatus)
and the analyzing apparatus for executing step 27 (second
analyzing apparatus) may be combined into one analyzing
apparatus.

Since, in the present embodiment as well, as the first
embodiment, the physical guantity obtained through
transient analysis of the analysis cobject is corrected in
consideration of the time harmonic of the physical quantity
of the analysis object, the physical quantity (steady state
solution) of the analysis object in its steady state can be
precisely obtained in a short time in transient analysis of
a phenomenon including a time-derivative term. Since, in
the present embodiment, the correction is carried out
without the time harmonic of the physical quantities of the
analysis object being taken into consideration, the present
enbodiment takes a longer time to obtain the physical
quantity (steady state solution) of the analysis object in

its steady state than the first embodiment. If, however,
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the effect on correction of time harmonics other than the
major time harmonic is infinitesimal, the physical quantity
(steady state solution) of the analysis object in its
steady state can be obtained in a short time, as in the
first embodiment.

[Third embodiment]

A fast steady state field analysis method according to
a third embodiment which is ancother embodiment of the
present invention will be described below with reference to
FIG. 6. The fast steady state field analysis method of the
present embodiment is also executed by the computer 1,
which is an operation apparatus.

A processing procedure {program) for the fast steady
state field analysis method of the present embodiment is
executed by the computer 1. The processing procedure
includes processes shown in FIG. 6, which are stored in the
storage apparatus 4 in the computer 1. The processing
procedure in FIG. 6, which is used in the present
embodiment, is a processing procedure that in the analysis
process 20A is replaced with an analysis process 20B in the
processing procedure in FIG. 5, which has been used in the
second embodiment. The other processes in the processing
procedure in FIG. 6, used in the present embodiment, are
the same as in the processing procedure in FIG. 5, used in

the second embodiment. The analysis process 20B includes a
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processing procedure in which processes executed in steps
21A, 28, and 26A are added to the processing procedure of
the analysis process 20A. The other processes in the
processing preocedure in the analysis process 20B are the
same as in the analysis process 20A. In the fast steady
state field analysis method of the present embodiment, the
physical quantity of the analysis object is corrected by
using the TDC method (or TP-EEC method) in step 28 in
addition to correction by using a time harmonics order in
step Z24A in the fast steady state field analysis method in
the second embodiment.

The fast steady state field analysis method of the
present embodiment will be described mainly for differences
from the second embodiment. In step 12A in the present
embodiment, the number cof corrections carried out in step
Z4A and the number of correction carried out in step 28 are
input as the numbers of corrections. The sum of the number
of corrections carried out in step 24A and the number of
corrections carried out in step 28, the sum being input in
step 12A in the present embodiment, is equal to the number
of corrections carried out in step 24A, which 1is input in
step 12A in the second embodiment.

As in the present embodiment, the processes executed in
steps 21, 22, and 24A in the second embodiment are executed.

When it is determined in step 26 that the number of
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corrections carried out in step 24A reaches the number of
corrections that has been input in step 12A in the present
embodinment, a third analysis is carried out in which the
physical quantity of the analysis object is calculated
through transient analysis similar to transient analysis in
step 21 (step 21A). In step 21A, the physical quantity of
the analysis object after the time step at which correctiocn
has been carried out in step 24A is calculated through
transient analysis in which the analysis execution module
used in step 21 is employed (execution of the third
analysis). The calculated physical guantity of the analysis
object is corrected by using the TP-EEC method (or TDC
method) (step 28). Specifically, the physical quantity of
the analysis object obtained in step 21A for each time step
is corrected by using the TP-EEC method (or TDC method) in
which high-order differentiation is not included.

Whether the correction has been carried out a set
number of times is determined (step 26A). Specifically,
whether the correction in step 28 has been carried out by
the number of corrections targeted at step 28, which has
been input in step 12, is determined. When the
determination result is “No”, the processes in steps 214,
28, and 26A are repeated. When the determination result in
step 26A 1s “Yes”, analysis in step 27 (second analysis) is

carried out. Upon completion of the analysis in step 27,
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the processes in steps 31 and 32 are executed as in the
second embodiment.

In step 32, the physical quantity of the analysis
object, obtained for each time step through transient
analysis in step 27A after the steady state has been
reached, is displayed on the display apparatus 6 for each
time step. The physical quantity obtained through transient
analysis executed in step 21 and the physical quantity
obtained by correction executed in step 24 are also
displayed on the display apparatus 6.

The computer 1, which executes the fast steady state
field analysis method of the present embodiment, functions
as a fast steady state field analysis apparatus. The
computer 1 has an analyzing apparatus for executing steps
21 and 21A (first analyzing apparatus), an analysis result
input apparatus for executing steps 22 and 31 to store
analysis results (calculated physical quantities) in the
storage apparatus, a correcting apparatus for executing
step 24A (first correcting apparatus), a determination
apparatus for executing step 26 (first determination
apparatus), a correcting apparatus for executing step 28
(second correcting apparatus), a determination apparatus
for executing step 26A (second determination apparatus),
and an analyzing apparatus for executing step 27 (second

analyzing apparatus). The analyzing apparatus for executing



10

i5

20

25

- 37 -

steps 21 and 21A (first analyzing apparatus) and the
analyzing apparatus for executing step 27 (second analyzing
apparatus) may be combined into one analyzing apparatus.

Since, in the present embodiment as well, as in the
first embodiment, the physical quantity obtained through
transient analysis of the analysis object is corrected in
consideration of the time harmonic of the physical quantity
of the analysis object, the physical quantity (steady state
solution) of the analysis object in its steady state can be
precisely obtained in a short time in transient analysis of
a phenomenon including a time-derivative term. According to
the present embodiment, fast correction with time harmonics
taken into consideration is first carried out, and after an
approximate steady state field has been cbtained, steady
state solutions can be obtained in a short time by
correction carried out by using the TP-EEC method (or TDC
method) in which high-order harmonics are not included.

In the present embodiment, the process in step 23 in
the first embodiment may be added and steps 12A and 24A may
be respectively replaced with steps 12 and 24. Then, in the
present embodiment as well, correction with time-averaged
quantities taken into consideration can be carried out.

[Fourth embodiment]

A fast steady state field analysis method according to

a second embodiment which is another embodiment of the
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present invention will be described below. The present
empodiment is an example in which the fast steady state
field analysis method in the first embodiment is applied to
magnetic field analysis.

A finite element method in which magnetic vector
potential is used will be described as a typical analysis
method. In a finite element method using nocde elements,
unknewn variables (Axj, Ay]j, Azi) for three vector
components are placed at each node in a mesh-divided
analysis space. In a finite element method using edge
elements, an unknown variable aj is placed on a side of
each element in a mesh-divided analysis space. The unknown
variable aj in the side element finite element method is a
line integral quantity, on the side, of a projected
component of the magnetic vector potential on the side of
each element.

Unknown variables for these physical quantities are
corrected in a way similar to the correction carried out
for the physical quantity x of the analysis object in the
first embodiment. That is, the correction in which any one
of the time-averaged time harmonic order equations,
represented by equations (5), (11}, (19), and (29) input in
step 12, 1is used is carried out for each unknown variable
by using the transient analysis result obtained in step 21

(physical quantity x of the analysis object). This
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correction is carried out once or a plurality of times. In
a series of corrections, any one of the time-averaged time
harmonic order equations may be used or a combination of
different eguations may be used.

As for the stator of a rotating machine such as a motor
or power generator, a generated electromagnetic field is an
alternate current field in which the direction of the
magnetic field is reversed between the positive pole and
the negative pole, so a half pericd boundary condition
heolds. As for the rotor, magnets and exciting coils in
which current flows may be provided. In this case, a direct
current (DC) component of the magnetic field is present.
Due to magnetic circuit variations caused by the rotation
of the rotor, slot harmonics are present in the DC
component of the magnetic field of the rotor, the slot
harmonics being generated by the rotational movement of
slots among a plurality of gear teeth. Therefore, a
magnetic field in which the alternate current component is
superinposed on the DC component is generated in the rotor,
preventing a half periocd boundary condition from holding;
in the rotor, only one period boundary condition holds.

In magnetic field analysis of a rotor of this type,
therefore, if correction suiting the half period boundary
condition is carried out for the stator and correction

suiting the one period boundary condition is carried out
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for the rotor, a steady state field can be quickly obtained.
Since the slot harmonics existing in the magnetic field of
the rotor are just a small variation, even if correction is
carried out only for the stator without correction for the
rotor, a steady state field can be cbtained in a
sufficiently fast manner.

As for an induction motor rotationally driven by eddy
current, the rotor rotates at a slow rotational frequency
in the rotating magnetic field. A difference in frequency
is referred to as the slip frequency. The slip frequency
component 1s corrected as the basic frequency to guickly
obtain a steady state field in an induction motor.

In the present embodiment, in which the fast steady
state field analysis method of the first embodiment is
applied to magnetic field analysis, a magnetic field
distribution close to a steady state field can be obtained,
and a calculation time taken to obtain convergence to the
steady state can be significantly shortened. The Correction
can be easily carried out by using, for example, a second-
order differential value related to time of time-averaged
quantities, and almost no calculation cost is incurred.

In magnetic field analysis invelving eddy current, it
is effective to start preparation calculation for
correction after a certain number of halt steps has passed

to have the field settled to some extent and, after the
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correction, to carry ocut preparation calculation for next
correction after a certain number of halt steps has passed.
In this case, include the number of halt steps in the input
data.

The present embodiment, in which the fast steady state
field analysis method in the first embodiment is applied to
magnetic field analysis, can be obtained the effects
generated in the first embodiment.

All of the embodiments 2 and 3 described above and a
fifth embodiment described later can be applied to magnetic
field analysis.

{Fifth embodiment])

A fast steady state field analysis method according to
a fifthe embodiment which is another embodiment of the
present invention will be described below with reference to
FIG. 7. The fast steady state field analysis method in the
present embodiment is also executed by the computer 1,
which is an operation apparatus.

A processing procedure (program) for the fast steady
state field analysis method of the present embodiment is
executed by the computer 1 and includes processes shown in
FIG. 7, which are stored in the storage apparatus 4 in the
computer 1. The processing procedure shown in FIG. 7, which
is used in the present embodiment is a processing procedure

that the analysis process 20B is replaced with an analysis
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process 20C in the processing procedure shown in FIG. 6,
which has been used in the third embodiment. The other
processes in the processing procedure shown in FIG. 7, used
in the present embodiment, are the same as in the
processing procedure shown in FIG. 6, used in the third
embodiment. The analysis process 20C has a processing
procedure in which step 28 in the analysis process 20B is
replaced with step 28A. The other processes in the
processing procedure in the analysis process 20C are the
same as in the processing procedure 20B. In the fast steady
state field analysis method of the present embodiment, the
physical gquantity of the analysis object is corrected by a
three~phase alternate current TP-EEC method in step 28A
instead of the TDC method (or TP-EEC method) in step 28 in
the third embodiment. The correction process 42 includes
the processes in steps 21A and 28A.

The fast steady state field analysis method of the
present embodiment, in which a three-phase alternate
current TP-EEC methed is applied, will be described mainly
for differences from the third embodiment.

When a three-phase alternate current TP-EEC method is
used for correction, the physical quantity of the analysis
object, which is calculated through transient analysis
based on an analysis execution module in which a

differential equation is made discrete, in step 21, is
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physical guantities U, V, and W of three phases, each of
which has a phase difference of 120°. The process in step
22 1is executed and correction is carried out in step Z24A by
using a time harmonic order. Since, in the present
embodiment, the physical gquantities U, V, and W of three
phases are calculated in the first analysis in step 21,
correction in step 24A is executed for each of the physical
quantities U, V, and W of three phases. The time harmonic
order correction equation used for correction of these
physical quantities is any one of equations (5), (11), (19),
and (29). When the physical quantity U is corrected,
however, x is replaced with U in any one of equations {5},
(11), (19), and (29). When the physical guantity V is
corrected, however, x is replaced with V in any one of
equations (5), (11), (19), and (29). When the physical
quantity W is corrected, x is replaced with W in any one of
equations (5), (11), (19), and (29). In this way, the
physical quantities U, V, and W calculated for each time
step in step 21 are corrected in step 24A.

When the determination result in step 26 becomes “Yes”,
the physical quantities U, V, and W of three phases are
calculated, respectively, in step 21A as well, for each
time step after the time step of the last physical quantity
calculated through transient analysis in step 21 (execution

of the third analysis). In step 28A, the physical
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gquantities U, V, and W of three phases, which have been
calculated in step 21A, are corrected by the three-phase
TP-EEC methed, respectively.

A specific example of correction based on the three-
phase TP-EEC method will be described below.

Suppose that the physical quantities U, V, and W of
three phases, each of which has a phase difference of 120°,

change from Uy, Vy, and Wy to U,, V,, and W, one-sixth period

gnev "®Y obtained by

later. obtained by correcting U, V

correcting V, and W' obtained by correcting W are

respectively represented by equations (36), (37), and (38).
e ='é'(dU+dV"dW) uu(36)
pe = {4V -d0) o (37)
W""“‘:é«(dWMU—dV) e (38)

where dU, dV, and dW are represented by equation {39).

dU =U,-U,, dV =V, ~V,, dW =W, -W, «+*{39)

Also suppose that Z of the three phases is -W and that
the physical quantities U, Z, and V of three phases, each
of which has a phase difference of 60°, change from Ugy, Zg,
and Wo to U,, 2n, and W, one-sixth period later. U™

obtained by correcting U, V™ obtained by correcting V, and

W' obtained by correcting W are respectively represented
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]

U"""=~2-(dU +dZ +dV) vox (40)
Hew 1

U =§(dU+dZ+dV) cex (40)

Vnw’—““zl"(dV*dU—dZ) 01-(42)

where dU, dV, and dW are represented by equation {43).

alU=U,-U,, dZ=2Z,-2,, dV =V -V, ve (43)

In step 28A, the physical quantities U, V, and W of
three phases, which have been calculated in step 21A, are
corrected by using equations (36), (37), and {(38) (or
equations (40), (41), and (42)). Eqguations (36), (37), and
(38) and equations (40), (41), and (42) in step 28A are
selectively used as described below. In a three-phase
alternate current system of a one-period boundary model (U,
V, W system), equations (36), (37), and (38) are used for
correction in step 28A. In a three-phase alternate current
system of a half-period boundary model (U, Z, V system (2 =
-W)), equations (40), (41), and (42) are used for
correcticn in step 28A.

When the determination result in step 26A is “Yes”,
analysis in step 27 {second analysis) is carried out. Upon
completion of analysis in step 27, the processes in steps

31 and 32 are executed as in the third embodiment.
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The present embodiment can be obtained the effects
generated in the second embodiment.

The computer 1, which executes the fast steady state
field analysis method of the present embodiment, functicns
as a fast steady state field analysis apparatus. The
computer 1 has an analyzing apparatus for executing steps
21 and 21A (first analyzing apparatus), an analysis result
input apparatus for executing steps 22 and 31 to store
analysis results (calculated physical quantities) in the
storage apparatus, a correcting apparatus for executing
step 24A (first correcting apparatus), a determination
apparatus for executing step 26 (first correcting
apparatus), a correcting apparatus for executing step 28A
(second correcting apparatus), a determination apparatus
for executing step 267 (second correcting apparatus), and
an analyzing apparatus for executing step 27 (second
analyzing apparatus). The analyzing apparatus for executing
steps 21 and 21A (first analyzing apparatus) and the
analyzing apparatus for executing step 27 (second analyzing
apparatus) may be combined into one analyzing apparatus.

In the present embodiment, a TDC method may be used to
correct the physical quantities U, V, and W in step 24A,.
Even if correction is carried out by the TDC methed in this
way, correction in step 28A is carried out by the TP-EEC

method {(or three-phase alternate current TP~EEC method).
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As described above, even if the use of only the TDC
method is insufficient to obtain the steady state solutions
of the physical quantities of the analysis object, the
steady state solutions can be precisely obtained by
additionally carrying out correction by the TP-EEC method
{or three-phase alternate current TP-EEC method) after
correction by the TDC method.

Although, in the present embodiment, the three-phase
alternate current TP-EEC method is used to correct the
physical quantities of the analysis object in a three-phase
alternate current system, it will be appreciated that a
polyphase alternate current TP-EEC method is applicable in
a polyphase alternate current system.

[REFERENCE SIGNS LIST]

1 : computer, 2 : operation apparatus, 3 : central
processing unit, 4 : storage apparatus, 5 : input/output

interface, 6 : display apparatus, 7 : input apparatus.
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1. A fast steady state field analysis method,
comprising steps of:

carrying out a first analysis in which a physical
quantity of a analysis object is calculated by an analyzing
apparatus through transient analysis based on an analysis
executing module in which a differential equation including
a time term is made discrete;

correcting the calculated physical quantity by using a
time harmonic order in a first correcting apparatus; and

carrying out a second analysis after the correction of
the physical quantity, in which a physical quantity of the
analysis object in a steady state is calculated by using
the analyzing apparatus through transient analysis based on
the analysis executing module in which the differential
equation including a time term is made discrete.

2, The fast steady state field analysis method
according to claim 1, wherein a time-averaged value of a
plurality of physical qguantities that are present in a set
time width and are calculated in the first analysis is
calculated by using a time averaging apparatus; and

correction of the physical guantity by the first
correcting apparatus is carried out by using the time
harmonic order that reflects the time averaged value.

3. The fast steady state field analysis method
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according to claim 1 or 2, wherein a first determination
apparatus determines whether correction of the physical
guantity by the first correcting apparatus is carried out a
first set number of times;

wherein when the correction of the physical quantity by
the first correcting apparatus is carried out the first set
numpber of times, a third analysis calculating the physical
gquantity of the analysis object in time steps after a time
step in which the physical quantity is corrected at last by
the first correcting apparatus, is carried out by using the
analyzing apparatus;

wherein after the correction of the physical quantity
by the first correcting apparatus is carried out the first
set number of times, the physical guantity of the analysis
ocbject calculated in the third analysis, is corrected by
using TP-EEC method in a second correcting apparatus; and

wherein when the correction of the physical quantity by
the second correcting apparatus was carried out a second
set number of times, a physical quantity in the steady
state is calculated in the second analysis.

4. The fast steady state field analysis method
according to claim 1 or 2, wherein a first determination
apparatus determines whether the correction of the physical
quantity was carried out a first set number of times by the

first correcting apparatus;
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wherein when the correction of the physical quantity
was carried out the first set number of times by the first
correcting apparatus, a third analysis calculating the
physical quantity of the analysis object in time steps
after a time step in which the physical guantity was
corrected at last by the first correcting apparatus, is
carried out by using the analyzing apparatus;

wherein after the correction of the physical qguantity
was carried out the first set number of times by the first
correcting apparatus, the physical quantity of the analysis
object calculated in the third analysis, is corrected by
using a TDC method in a second correcting apparatus; and

wherein when correction of the physical quantity was
carried out a second set number of times by the second
correcting apparatus, a physical quantity in the steady
state is calculated in the second analysis.

5. The fast steady state field analysis method
according to claim 1 or 2, wherein a first determination
apparatus determines whether the correction of the physical
quantity was carried out a first set number of times by the
first correcting apparatus;

wherein when the correction of the physical gquantity
was carried out the first set number of times by the first
correcting apparatus, a third analysis calculating the

physical guantity of the analysis object in time steps
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after a time step in which the physical quantity was
corrected at last by the first correcting apparatus, is
carried out by using the analyzing apparatus;

wherein after the correction of the physical quantity
was carried out the first set number of times by the first
correcting apparatus, the physical quantity of the analysis
object calculated in the third analysis, is corrected by
using a polyphase alternate current TP-EEC methcd in a
second correcting apparatus; and

wherein when the correction of the physical gquantity
was carried out a second set number of times by the second
correcting apparatus, a physical quantity in the steady
state is calculated in the second analysis.

6. The fast steady state field analysis method
according to claim 1 or 2, wherein when the correction of
the physical quantity was carried out a set number of times
by the first correcting apparatus, the physical quantity in
the steady state 1is calculated in the second analysis.

7. A fast steady state field analysis apparatus,
comprising:

an analyzing apparatus for carrying out a first
analysis in which a physical quantity of a analysis object
is calculated through transient analysis based on an
analysis executing module in which a differential equation

including a time term is made discrete; and
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a first correcting apparatus for correcting the
calculated physical guantity by using a time harmonic
order;

the analyzing apparatus for carrying out a second
analysis calculating a physical quantity of the analysis
object in a steady state through transient analysis based
on the analysis executing module in which the differential
equation including a time term is made discrete, after the
correction of the physical quantity.

8. The fast steady state field analysis apparatus
according te claim 7, comprising:

a time averaging apparatus for calculating a time-
averaged value of the physical quantity by using a
plurality of physical quantities that are present in a set
time width and are calculated in the first analysis; and

the first correcting apparatus for carrying out the
correction of the physical quantity by using the time
harmonic order that reflects the time averaged value.

9. The fast steady state field analysis apparatus
according to claim 7 or 8, comprising:

a first determination apparatus for determining whether
the correction of the physical quantity is carried out a
first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
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analysis in which the physical quantity of the analysis
cbject in time steps after a time step in which the
physical quantity is corrected at last by the first
correcting apparatus is calculated when the correction of
the physical quantity is carried out the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis object calculated in the
third analysis by using TP-EEC method after the correction
of the physical quantity is carried out the first set
nunber of times by the first correcting apparatus; and

the analyzing apparatus for calculating a physical
guantity in the steady state in the second analysis when
the correction of the physical guantity is carried out a
second set number of times by the second correcting
apparatus.

10. The fast steady state field analysis apparatus
according to claim 7 or 8, comprising:

a first determination apparatus for determining whether
the correction of the physical quantity is carried out a
first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
analysis in which the physical quantity of the analysis

cbhiect in time‘steps after a time step in which the



10

15

20

25

_.54_

physical quantity is corrected at last by the first
correcting apparatus is calculated when the correction of
the physical quantity is carried out the first set number
of times by the first correcting apparatus;

& second correcting apparatus for correcting the
physical quantity of the analysis object calculated in the
third analysis by using a THC method after the correction
of the physical quantity is carried out the first set
number of times by the first correcting apparatus; and

the analyzing apparatus for calculating a physical
gquantity in the steady state in the second analysis when
the correction of the physical quantity is carried out a
second set number of times by the second correcting
apparatus.

11. The fast steady state field analysis apparatus
according to claim 7 or 8, comprising:

a first determination apparatus for determining whether
the correction of the physical quantity is carried out a
first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
analysis in which the physical quantity of the analysis
object in time steps after a time step in which the
physical quantity is corrected at last by the first

correcting apparatus 1s calculated when the correction of
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the physical guantity is carried out the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis cbject calculated in the
third analysis by using a polyphase alternate current TP-
EEC method after the correction of the physical quantity is
carried out the first set number of times by the first
correcting apparatus; and

the analyzing apparatus for calculating a physical
quantity in the steady state in the second analysis when
the correction of the physical guantity is carried out a
second set number of times by the second correcting
apparatus.

12. The fast steady state field analysis apparatus
according to claim 7 or 8, comprising:

the analyzing apparatus for calculating the physical
quantity in the steady state when the correction of the
physical gquantity by the first correcting apparatus is
carried out a set number of times in the second analysis.

13. A fast steady state field analysis program that
commands & computer to carry out fast steady state field
analysis by causing the computer to function as:

an analyzing apparatus for carrying out a first
analysis in which a physical quantity of a analysis obiject

is calculated through transient analysis based on an
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analysis executing module in which a differential equation
including a time term is made discrete; and

a first correcting apparatus for correcting the
calculated physical quantity by using a time harmonic
oxrder;

the analyzing apparatus for carrying out a second
analysis calculating a physical quantity of the analysis
object in a steady state through transient analysis based
on the analysis executing module in which the differential
equation including a time term is made discrete, after the
correction of the physical quantity.

14. The fast steady state field analysis program
according to claim 13, the program causing the computer to
function as:

a time averaging apparatus for calculating a time-
averaged value of the physical quantity by using a
plurality of physical quantities that are present in a set
time width and are calculated in the first analysis; and

the first correcting apparatus for carrying out the
correction of the physical quantity by using the time
harmonic order that reflects the time averaged value.

15. The fast steady state field analysis program
accerding to claim 13 or 14, the program causing the
computer to function as:

a first determination apparatus for determining whether
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the correction of the physical quantity is carried ocut a
first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
analysis in which the physical quantity of the analysis
object in time steps after a time step in which the
physical quantity is corrected at last by the first
correcting apparatus is calculated when the correction of
the physical guantity is carried out the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis obiject calculated in the
third analysis by using TP-EEC method after the correction
of the physical quantity is carried out the first set
number of times by the first correcting apparatus; and

the analyzing apparatus for calculating a physical
guantity in the steady state in the second analysis when
the correction of the physical quantity is carried out a
second set number of times by the second correcting
apparatus.

16. The fast steady state field analysis program
according to claim 13 or 14, the program causing the
computer to function as:

a first determination apparatus for determining whether

the correction of the physical quantity is carried out a
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first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
analysis in which the physical guantity of the analysis
object in time steps after a time step in which the
physical guantity is corrected at last by the first
correcting apparatus is calculated when the correction of
the physical quantity is carried out the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis object calculated in the
third analysis by using a TDC method after the correction
of the physical quantity is carried out the first set
number of times by the first correcting apparatus; and

the analyzing apparatus for calculating a physical
guantity in the steady state in the second analysis when
the correction of the physical quantity is carried out a
second set number of times by the second correcting
apparatus.

17. The fast steady state field analysis program
according to claim 13 or 14, the program causing the
computer to function as:

a first determination apparatus for determining whether
the correction of the physical quantity is carried out a

first set number of times by the first correcting
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the analyzing apparatus for carrying out a third
analysis in which the physical quantity of the analysis
object in time steps after a time step in which the
physical quantity is corrected at last by the first
correcting apparatus is calculated when the correction of
the physical quantity is carried cut the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis object calculated in the

third analysis by using a polyphase alternate current TP-

EEC method after the correction of the physical quantity is

carried out the first set number of times by the first
correcting apparatus; and

the analyzing apparatus for calculating a physical
quantity in the steady state in the second analysis when
the correction of the physical guantity is carried out a
second set number of times by the second correcting
apparatus.

18. The fast steady state field analysis program
according to claim 13 or 14, the program causing the
computer to function as:

the analyzing apparatus for calculating the physical
quantity in the steady state when the correction of the

physical quantity by the first correcting apparatus is
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carried out a set number of times in the second analysis.

19. A computer-readable recording medium storing a fast

steady state field analysis program that commands a
computer to carry out fast steady state field analysis by
causing the computer to function as:

an analyzing apparatus for carrying out a first
analysis in which a physical guantity of a analysis object
is calculated through transient analysis based on an
analysis executing module in which a differential equation
including a time term is made discrete; and

a first correcting apparatus for correcting the
calculated physical quantity by using a time harmonic
order;

the analyzing apparatus for carrying out a second
analysis calculating a physical quantity of the analysis
object in a steady state through transient analysis based
on the analysis executing module in which the differential
equation including a time term is made discrete, after the

correction of the physical quantity.

20. The computer-readable recording medium according to

claim 18, the computer-readable recording medium storing
the program causing the computer to function as:

a time averaging apparatus for calculating a time-
averaged value of the physical quantity by using a

plurality of physical guantities that are present in a set
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time width and are calculated in the first analysis; and
the first correcting apparatus for carrying out the
correction of the physical guantity by using the time

harmonic order that reflects the time averaged value.

21. The computer-readable recording medium according to

claim 19 or 20, the computer-readable recording medium
storing the program causing the computer to function as:

a first determination apparatus for determining whether
the correction of the physical quantity is carried out a
first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
analysis in which the physical guantity of the analysis
object in time steps after a time step in which the
physical guantity is corrected at last by the first
correcting apparatus is calculated when the correction of
the physical quantity is carried out the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis object calculated in the
third analysis by using TP-EEC method after the correction
of the physical guantity is carried ocut the first set
number of times by the first correcting apparatus; and

the analyzing apparatus for calculating a physical

qguantity in the steady state in the second analysis when
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the correction of the physical quantity is carried out a
second set number of times by the second correcting

apparatus.

22. The computer-readable recording medium according to

claim 19 or 20 the computer-readable recording medium
storing the program causing the computer to function as:

a first determination apparatus for determining whether
the correction of the physical quantity is carried out a
first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
analysis in which the physical quantity of the analysis
object in time steps after a time step in which the
physical guantity 1s corrected at last by the first
correcting apparatus is calculated when the correction of
the physical quantity is carried out the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis object calculated in the
third analysis by using a TDC method after the correction
of the physical quantity is carried out the first set
number of times by the first correcting apparatus; and

the analyzing apparatus for calculating a physical
guantity in the steady state in the second analysis when

the correction of the physical quantity is carried out a
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second set number of times by the second correcting
apparatus.

23. The computer~readable recording medium according to
claim 19 or 20 the computer-readable recording medium
storing the program causing the computer to function as:

a first determination apparatus for determining whether
the correction of the physical guantity is carried out a
first set number of times by the first correcting
apparatus;

the analyzing apparatus for carrying out a third
analysis in which the physical quantity of the analysis
object in time steps after a time step in which the
physical quantity is corrected at last by the first
correcting apparatus is calculated when the correction of
the physical quantity is carried out the first set number
of times by the first correcting apparatus;

a second correcting apparatus for correcting the
physical quantity of the analysis object calculated in the
third analysis by using a polyphase alternate current TP-
EEC method after the correction of the physical guantity is
carried out the first set number of times by the first
correcting apparatus; and

the analyzing apparatus for calculating a physical
guantity in the steady state in the second analysis when

the correction of the physical guantity is carried out a
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second set number of times by the second correcting
apparatus.

24. The computer-readable recording medium according
claim 19 or 20 the computer-readable recording medium
storing the program causing the computer te function as:

the analyzing apparatus for calculating the physical
quantity in the steady state when the correction of the
physical quantity by the first correcting apparatus is
carried out a set number of times in the second analysis.

25. The fast steady state field analysis method

to

according to any one o¢f claims 1 to 6, wherein the physical

quantity in the steady state, calculated in the second
analysis 1s displayed on a display apparatus.
26. The fast steady state field analysis method

according to claim 25, wherein the physical quantity

corrected by the first correcting apparatus is displayed on

a display apparatus.
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