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Abstract— This paper presents a simulation algorithm
to simulate the hysteresis characteristics in the core of
a power transformer. The algorithm is based on the
Jiles-Atherton phenomenological model of a ferromag-
netic material. The new transformer model is capable
of producing a close representation of the transformer
magnetizing current. Comparisons are made between
recorded and simulated waveforms using a single phase
distribution transformer. A good agreement is achieved
between recorded and simulated data.
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I. INTRODUCTION

A bibliographic review of the hysteresis models pre-
sented during the past three decades is given in [1].
Many of these attempts are curve fits, which ignore
the underlying physics of the material bechavior. At
the other extreme, micromagnetic methods consider all
known energies on a very small scale and find the do-
main configuration that gives the minimum energy. In
general intermediate solutions models, which can re-
late micro-structural parameters to the macroscopic re-
sponses of the material to outside fields are more suit-
able for time domain simulations [2]. Four magnetiza-
tion models are now considered as classical. They are
the Stoner-Wolhfarth model, the Jiles-Atherton model
[3], the Globus model, and the Preisach model. The
methods each model uses to simulate the magnetiza-
tion mechanisms, their advantages and disadvantages
are discussed in [2].

This paper shows how the Jiles-Atherton (JA) phe-
nomenological model of a ferromagnetic material is in-
corporated into a subroutine for use in an electromag-
netic transient simulation program to simulate a power
transformer. This has been used in [4] in the simulation
of current transformers, and it has been shown that the
hysteresis model based on the JA theory accurately rep-
resents the remanence flux and minor loops in the trans-
former cores. The new model also includes the frequency
dependent losses. The eddy current effects are incorpo-
rated into the algorithm before the transformer induc-
tance matrix is calculated. Thus, the calculated value
of the saturation current injected across each winding
also contains the effects of eddy currents. Therefore
this method is useful in the simulation of multi-winding
transformers.

Modeling of transformers of varying complexity have
been implemented in electromagnetic transient simula-
tion programs to simulate the transient behavior [5]-
[11]. The correct representation of the hysteresis loop is
important so that it handles long term remanence and
recoil loops. In short time simulations the piecewise lin-
ear solutions of saturation can give the impression that
they handle remanence because the system time con-
stants maintain the magnetization over several hundreds
of milliseconds. ITowever, over time scales of seconds the
flux will decay to zero. It is usually possible to initialize
the remanence in a typical transformer model, however
it requires outside intervention whereas our method pre-
sented in this paper will do it automatically.

The electromagnetic transient simulation software
PSCAD/EMTDC has multi-limb transformer models
based on a unified magnetic equivalent circuit (UMEC)
[10]. In this paper we have used the transformer core
model presented in [10] as the basis of this work and
describes how the Jiles Atherton theory can be incorpo-
rated into a simulation algorithm of a power transformer
in an electromagnetic transient simulation program.

II. REVIEW OF THE TRANSFORMER CORE MODEL

A brief review of the transformer core model described
in [10] is presented in this section, and it explains how
the saturation is modeled in this core model in EMTDC.
The core model of a single phase two winding trans-
former uses the magnetic circuit shown in Fig.l. The
magnetic equivalent circuit of the transformer is given
in Fig.2.
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Fig. 2. Magnetic equivalent circuit for single phase two winding
transformer model

The branches of magnetic equivalent circuit represent
the assumed paths of flux, i.e. the transformer wind-
ing limbs (¢; and ¢,), the leakage (¢5 and ¢,), and
the yokes (¢5). The two winding transformer has two
MMF sources, Niyi; (t) and Nais (t) to represent indi-
vidual windings. P; and P» represent the permeance
of the transformer winding limbs and P; represents the
permeance of the transformer yokes. P; and P; repre-
sent the permeances of the leakage paths.

In an electromagnetic transient simulation program,
the representation of a transformer begins with the cal-
culation of the transformer inductance matrix (L). In
this model, the transformer inductance matrix has been
derived using the magnetic equivalent circuit in Fig.2.
The following section describes how the transformer in-
ductance matrix (L) is calculated using this magnetic
equivalent circuit.

A. Calculation of the transformer inductance matriz

The description of the single phase two winding trans-
former presented in the previous section is considered.
The branch node connection matrix [A] is used to de-
fine the sum of the flux at each node. i.e. the total
flux at each node must add up to zero. Therefore, this
representation includes details of the configuration of
the transformer core; i.e. three phase three limb, three
phase five limb etc. Thus the calculated transformer
inductance matrix is dependent on the magnetic equiv-
alent circuit of a given transformer.

The M M F across each branch of the magnetic circuit
has been written in the vector form as in (1), where 6
is the vector of branch M M Fs, N is a diagonal matrix
containing the number of turns in each winding, R is the
diagonal matrix containing reluctance of each branch,
¢ is the vector of branch flux. Using these equations,
the relationship between the flux and current has been
obtained as in (2). [P] is the diagonal matrix containing
permeance of each branch.

6 = [Nli-[Rlp (1)

¢=
M) =

[M][N]i (2)
[P] - [P)[4] ({47 [P] [A]) " [A][P](3)

The magnitude of the current injected across each wind-
ing is found by using the vector of branch flux (¢), that
is partitioned into a set that contains the branches asso-
ciated with each transformer winding. Therefore (2) be-
comes (4), where ¢, is the vector containing the winding
flux ¢; and ¢, is is the vector containing the winding
current 3,1 and is9, [Nss] is a diagonal matrix of wind-
ing turns N7 and Na, and [M,,] is a square permeance
matrix.

¢s = [MSS] [NSS]iS (4)

A further development to this transformer model has
been presented [11], in which the necessity to input de-
tailed core data such as the lengths (I) and the cross-
sectional areas (A) of each limb, and the actual number
of turns (V) in each winding has been eliminated. In
this method, instead of calculating the transformer in-
ductance matrix using the actual values of N, A, and I,
an equivalent inductance matrix is calculated by fixing
the value of N, and calculating the appropriate values
of A and [, such that the original inductance matrix is
obtained.

B. The existing model

In the existing transformer model of EMTDC, the sat-
uration is represented with a current source connected
across each winding (Fig.3). A piece-wise linearly inter-
polated B-H characteristic curve has been used to model
the saturation in the transformer core (Fig.4) [12]. In
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Fig. 3. Representation of saturation in EMTDC

the simulation algorithm, the differential permeability
(tair) and the magnetic field strength (H) are calcu-
lated using the piece-wise linear B-H saturation char-
acteristic, and the flux densities (B) of winding limbs
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Fig. 4. Saturation curve of the existing model
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and the yoke. Then the permeance of these branches
are calculated to update the branch permeance matrix
[P]. Finally, the magnitudes of the current injected for
the present time step are calculated as in (5).

ig = ¢s ( [MSS] [NSS])_I (5)

ITI. TuE NEwW MODEL : INCORPORATING THE JA
THEORY

The saturation model described in the previous sec-
tion uses a piece-wise linear B-H characteristic to cal-
culate the differential permeability (z4;;) and the mag-
netic field strength (H) of the branches representing the
iron core. The new model presented in this paper is
based on the Jiles - Atherton theory of a ferromagnetic
material. Instead of using a piece-wise linearly interpo-
lated curve, we have incorporated the differential equa-
tions described in the JA theory to model the hystere-
sis characteristics of the transformer core [3]. The JA
theory describes the relationship between the magne-
tization M and the magnetic field intensity IT of the
core material. However, the relationship between the
flux density B, M and H is given by (6). Therefore
the slope of the B-H loop can be expressed with the
slope of the M-H loop as in (7). Hence, the M-H re-
lationship described in the JA theory can be used for
this purpose. Therefore in the simulation model, during
each time step the slope of the M-H loop can be used in
the process of updating the branch permeance matrix.
Thus, the new hysteresis model is incorporated into the
simulation algorithm of the power transformer.

B = uy(M+H) (6)

o (% + 1) ™)

The following section presents a brief overview of the
JA theory and describes the expression for the slope of
the M-H loop that is used in this simulation algorithm.
The section V describes how these equations are incor-
porated into the simulation algorithm of the transformer
model and the section VI presents the comparisons of
simulation and measured results.

Haif

IV. JILES - ATHERTON THEORY

The Jiles - Atherton theory describes the relationship
between the magnetization M and the magnetic field
intensity H of a core material. The magnetization char-
acteristic is defined by the anhysteretic magnetization
function My,,. The anhysteretic magnetization M,, at
a given field H, represents the global minimum energy
state, where H, = H + aM. H, is the effective field,
and « is a parameter which represents the inter domain-
coupling. The anhysteretic magnetization M,, can be
expressed as M, = Mot f(H.), where M, is the sat-
uration magnetization and f is an arbitrary function
of the effective field [3]. The function given in (8) has
been used in [4] in the simulation of current transform-
ers, where a,, a, and a, are constants and a, > a,. The

same function is used to represent the anhysteretic char-
acteristics of the core of the power transformer model,
on the basis that the characteristics of the material is
likely to be the same, i.e. grain oriented silicon steel.

a, H.+ H?

Man T T T 119
a, +a,H. + H?

= Msat (8)

The JA theory leads to two components in M. The
first component, irreversible magnetization, is due to
pinning of the magnetic domains by discontinuities in
the material structure. The second term, reversible
magnetization, is due to domain wall bending in an elas-
tic manner. The JA theory builds on these fundamental
relationships and the derivative of M with respect to H
can be represented as in (9). «,c and k are constants
for the material being used and 4 takes the value 1 or -1
based on the sign of Cfi—lf. This equation takes a modified
form as in (10) when (M,, — M )6 becomes negative.

dM dMan Man — M LIS
I a(Man—M A
dH di, o Man M) |1 — aclile
dM dMg, 1
- 10)
di (c I, ) 1 — aclip &

V. SIMULATION MODEL

The simulation algorithm begins with the calculation
of the flux (¢) and the incremental flux (A¢) in the
winding limbs using the winding voltages (v) and the
values from the previous time step. Then the flux and
the incremental flux in rest of the branches in the mag-
netic equivalent circuit are calculated.

The input to the hysteresis model are the flux (¢) and
the incremental flux (A¢) of the winding limbs and the
yoke. For each magnetic branch under consideration,
the increment in H (AH) and the increment in M (AM)
are estimated using A¢ as in (11) and (13) respectively.
Using the estimates of AH and AM, the new values
of M and H are updated as in (14) and (15). Hyq
and M4 are the H and M values of the previous time
step. The parameter §, which indicates the direction the
magnctization is obtained from (16).

AH = @ AHpy. where (0<Q <1)(11)
A¢
AHp.e = 12
v (12)
A¢
AM = — AH 13
A (13)
H = Hold + AH (14)
M = Mus+AM (15)
6 sign(AH) = sign(Ag) (16)

Using the values obtained from (14), (15) and (16), the
current value of 4 is calculated using (9) or (10). A
numerical iterative method is used to reduce the error
in the calculated value of % by varying Q.
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A. Incorporating losses

The area of the hysteresis loop has an important phys-
ical meaning. It represents the amount of energy trans-
formed into heat during one cycle of magnetization. If
the area of the loop is measured on the same specimen
for different magnetization frequencies f, a substantial
increase in the area and change in the shape of the loop
can be observed with increasing f.

In the transformer model proposed here, the JA
model is used to represent the hysteresis characteristics
of the core and hence it properly represents the hystere-
sis loss of a transformer core. The eddy current effects
are incorporated as described below.

A.1 Loss Separation

The concept of loss separation describes the total
power loss at a given magnetizing frequency as in (17),
where the total losses are divided into three parts,
Prys, Peis and Pege. Phrys is the hysteresis loss and Py,
is known as the classical eddy current loss and is cal-
culated assuming a uniform magnetization. When the
calculated values of hysteresis and classical eddy current
losses are added, their sum is significantly less than the
measured losses. This difference is known as the excess
or anomalous losses (Pegc) [14].

Ptotal = Phys + Pcls + Pegc (17)

Excess loss arises due to the fact that, any ferromag-
netic material is made up of self-saturated domains, and
hence the microscopic magnetic flux pattern in the ma-
terial is not smooth and continuous as assumed in calcu-
lating the classical eddy current losses. Magnetization
proceeds by a movement of domain boundaries and, if
the domains are relatively large, the eddy currents in-
duced in the neighborhood of the moving boundaries
will differ from the simple classical pattern [13][14].

In the simulation model, the total magnetic field in-
tensity Hyos can be expressed as in (18), where Hpyq
is calculated with the JA model and, the sum of H;
and H.,. is added to represent the eddy current effects
[16][17].

Hyot :thst +Hcls + Hege (18)

The instantancous power loss per unit volume duc
to classical eddy currents is proportional to the rate of
change of magnetization [18]. Thus the energy lost due
to classical eddy currents per cycle per unit volume can
be represented in the model with an equivalent magnetic
field proportional to ‘fi—]f. In our model, H.;; represents a
magnetic field intensity equivalent to the classical eddy
current losses. Therefore H.;s in (18) can be expressed
as Hy, = kl%, where ki is a constant. Similarly the
excess energy loss can be represented by an equivalent
magnetic field proportional to %)% [15]. Thus Heg. in
(18) can be expressed as Hey = k2(%)%, where ks is a
constant. Therefore in the time domain simulations, the
total magnetic field intensity Hi,; can be expressed as

in (19), where k; and ko are constants for a given trans-
former. In order to incorporate losses, the magnitude of
H calculated in (14) is modified using (19).

1
dB dB\?
Hypy = Hpyor + klﬂ + k2 (E) (19)

B. Calculation of the Current Injections

The calculated H;,; value is used to find the branch
MMFs. These values are used to calculate the branch
permeance P (20). This process is repeated for all the
branches in the equivalent circuit that represent a wind-
ing or a yoke. Then the branch permeance matrix is
updated with the new values of P and the simulation
algorithm continues to calculate the magnitudes of the
current injected across each winding are calculated us-
ing (5), i.e. is1 and 4s.

¢
P=—— 2
MMF (20)
VI. COMPARISON OF SIMULATION AND TEST
REsuLTs

A series of tests were carried out to validate the new
transformer model using a 3kVA, 115V /2300V, 60Hz
single phase distribution transformer.

A. Determination of Parameters

The parameters of the JA model using the an-
hysteretic function represented with (8) were esti-
mated such that the measured saturation characteristic
(Vems/Irms) and the recorded waveforms are reasonably
accurately produced using the new model.

The numerical determination of the parameters for
the anhysteretic magnetization curve from experimental
measurements has been presented in [19]. This process
has been adopted in [4] to calculate parameters for the
current transformer model. The same methodology was
used to derive the parameters for the power transformer
model presented here. The B-H characteristics of the
core material M4 is used for the comparisons with a
distribution transformer [20]. The derived parameters
are given in the appendix. The slope of the anhysteretic
curve in the saturation region and the width of the B-II
loop in the shoulder region may be slightly modified to
match the characteristics of a given transformer [4].

B. Comparisons with Recorded Waveforms

Simulation results for open circuit tests on a single
phase 2 winding transformer model are compared with
test results. Simulations were carried out with the elec-
tromagnetic transient program PSCAD/EMTDC.

The single-phase two-winding model used has a cur-
rent source across each winding to represent the sat-
uration. In the new model, the eddy current effects
are incorporated into the algorithm before the trans-
former inductance matrix is calculated. Thus, the cal-
culated value of the saturation current injected across
each winding also contains the effects of eddy currents
(Fig.5a).
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Fig. 5. Simulation models; (a) with the new algorithm, (b) with
an cxternal resistor representing losses.

Figure 6 shows the comparison of the simulated wave-
form and the recorded waveform at the rated voltage
and frequency. A close comparison is seen between the
simulation and the recorded waveform.
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Fig. 6. Magnetizing currcent at the rated conditions

Simulations were also carried out to compare the new
model with a more commonly used approach of rep-
resenting eddy current losses using a shunt resistor as
shown in Fig.(5b). In this ‘resistor model’, hysteresis
characteristics are represented by the JA theory, and
the eddy current effects are represented with an external
resistor connected across the terminals. The magnitude
of this resistor is calculated to match the measured core
loss at the nominal frequency.

The percentage error in the rms value of the magne-
tizing current produced by the new model is -1% at the
rated conditions. The parameters of the new model were
tuned so that an accurate representation is obtained at
the rated conditions. Thus the minimum error in the
power loss is seen at the rated conditions i.e. 2%. A
maximum error of 13% is produced by the new model
at 0.9 pu voltage where as, the resistor model produced
11%.

These comparisons show that the resistor model pro-
duces a closer match than does the new model. This
is due to the fact that the magnitude of the core loss
resistor in the resistor model was calculated at 60 Hz
and all of the comparisons were carried out at the same
frequency. However, the eddy current effects included in
the new model are capable of representing the frequency
dependency of the B-H characteristics, and the following

comparisons show that it is important to model these
effects accurately. Fig.7 shows the comparison of the
simulated B-H loops produced with the new model at
different excitation frequencies. It shows that the width
of the B-H loop increases as the frequency is increased.

Fig. 7. BH loops at different frequencics

Fig.8a shows the comparison of the core loss at differ-
ent frequencies. A maximum error of -5% is produced
by the new model at 25 Hz where as, the resistor model
showed significant deviations with the maximum error
of -24% at 25 Hz. Similar observations can be made with
the variation of corc loss per cycle for frequencics 20 Hz
~ 100 Hz (Fig.8b). Fig.9a and Fig.9b show the compar-
ison of the magnetizing current, and the fundamental
component of the magnetizing current at different fre-
quencies.

These comparisons show that the resistor model may
cause significant errors as the frequency is decreased.
The same trend can be seen when the frequency is in-
creased (70 - 100 Hz). This range could not be verified
due to lack of recorded data. However, Fig.8b shows
that the new model has a slope much closer to the mea-
sured curve and also previous work in this area has in-
dicated a linear variation in this region [13][14]. This
confirms that the new model is capable of simulating
the magnetizing current and the power losses more ac-
curately than does the commonly used approach of a
shunt resistor. In addition, it shows that it is important
to model the frequency dependency of the B-H loop.
The comparisons at 25Hz are presented in Fig.10.

VII. CONCLUSION

The Jiles-Atherton phenomenological model of a fer-
romagnetic material has been successfully incorporated
into a transformer model of an electromagnetic transient
simulation program. The hysteresis model includes the
eddy current effects. This representation incorporates
losses within the transformer model and hence this algo-
rithm is useful in the simulation of multi-winding trans-
formers. Simulation results for open circuit tests on a
single phase 2 winding transformer model are compared
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with test results. Simulation results are in good agree-
ment with recorded data.

APPENDIX

Parameters of the hysteresis model;
o a =3.90e-6, My, =1.71e6, k =8.96e-6, c=0.1, a1=60,
a2:96, and (1,3293.
Parameters for a given transformer;
e Bmax=1.65, A=2.27,1=0.717, k1 =3.5¢-3, and k2=0.79
Details of the laboratory test setup are as follows.
o Transformer : 3kVA, 115V /2300V, 60Hz single phase
distribution transformer. The magnitude of the exter-
nal resistor used in Fig.(5b) was calculated at 60Hz, so

g
>t 4
B [
3
O 02 4
0.4 4
-0.6 4
0.8 —— New model
— — - Measured
Rl s N N
01 0.12 0.14 0.16 0.18 02

time (s)

Fig. 10. Magnctizing current at 25Hz, at the rated flux

that the measured power loss is matched; Reqq, = 548()
referred to 115V.

ACKNOWLEDGMENTS

The Authors are grateful to Manitoba Hydro and
the Office of Naval Research (USA) for the financial
and technological support to carry out the research de-
scribed in this paper.

REFERENCES

[1] F.de Leon, A.Scmlyen, “A simple representation of dynamic
hystercsis losses in power transformers”, IEEE Trans. Power
Declivery, vol.10, pp. 315-321, Jan. 1995

[2] F. Liorzou, B. Phelps, and D. L. Atherton,“Macroscopic
Modecls of Magnetization”, IEEE Transactions on Magnet-
ics, vol. 36, pp.418-428, Mar. 2000

[3] D.C.Jiles, D.L.Atherton,“Theory of Ferromagnetic Hystere-
sis”, Journal of Magnctism and Magnetic Matcrials, vol. 61,
pp. 48-60, 1986

[4] U.D.Annakkage, P.G.McLarcn, E.Dirks, R.P.Jayasinghc and
A.D.Parker,“A Current Transformer Model Based on the
Jiles-Atherton Theory of Ferromagnetic Hystercsis”, IEEE
Transactions on Powcr Declivery, vol. 15, pp. 57-61, Jan. 2000

[6] F.de Leon, A.Scmlyen, “Complete transformer model for
clectromagnetic transicnts”, IEEE Trans. Power Delivery,
vol.9, pp. 231-239, Jan. 1994

[6] B.A.Mork, “Fivc legged wound corc transformer model:
Decrivation, paramcters, implementation, and cvaluation”,
IEEE Transactions on Power Delivery, vol.14, pp. 1519-
1526, Oct. 1999

[7] X.Chen, “A thrce phasc multi-legged transformer model in
ATP using the dircctly formed inverse inductance matrix”,
IEEE Trans. Power Delivery, vol.11, pp. 1554-1562, July
1996

[8] C.M.Arturi, “Transicnt simulation of a three phasc five limb
step up transformer following an out of phase synchroniza-
tion”, IEEE Trans. Power Delivery, vol.6, pp. 196-207, Jan
1991

[9] T.Fujiwara and R.Tahara, “Eddy currcnt modcling of silicon
steel for usc on SPICE”, IEEE Trans. Magnctics, vol.31, pp.
4059-4061, Nov. 1995

[10] J.Arrillaga, W.Enright, N.R.Watson and A.R.Woods, “Im-
proved simulation of HVDC converter transformers in clec-
tromagnetic transient programs”, IEE Proc.-Gener. Transm.
Distrib., vol.144, pp. 100-106, Mar. 1997

[11] W.Enright, O.B.Nayak, G.D.Irwin and J.Arrillaga, “An clec-
tromagnetic transient model of multi-limb transformers using
normalized core concept”, in Proc. International conference
on Power Systems Transients (IPST), pp. 93-98, Jun. 1997

[12] Manitoba HVDC Rescarch Centre, “PSCAD/EMTDC
Uscr’s Guide”, 1998

[13] C.D.Graham, Jr., “Physical origin of losscs in conducting
ferromagnetic materials”, J.Appl. Phys. , vol.63, No.11, pp.
8276-8280, Nov. 1982

[14] G.Boertotti, “General propertics of power losses in soft ferro-
magncetic materials”, IEEE Trans. Magnetics, vol. 24, No.1,
pp. 621-630, Jan. 1988

[15] D.C.Jiles, “Modelling the effects of eddy current losses on
frequency dependent hysteresis in electrically conducting me-
dia”, IEEE Trans. Magnctics, vol. 30, pp. 4326-4328, 1994

[16] G.Bertotti, “Physical interpretation of eddy current losses in
ferromagnctic matcrials I. Theorctical considerations”, Jour-
nal of Applied Physics, vol. 57, pp. 2110-2117, Mar. 1985

[17] G.Bertotti, “Physical interpretation of eddy current lossecs
in ferromagnetic materials II. Theoretical considerations”,
Journal of Applied Physies, vol. 57, pp. 2118-2126, Mar. 1985

[18] S.Chikazumi, Physics of Magnetism, John Wilcy NY, 1964

[19] D.C.Jiles, J.B.Thoclke and M.K.Devine,“Numerical Deter-
mination of Hysteresis Parameters for the modecling of Mag-
neic Properties Using the Theory of Ferromagnetic Hystere-
sis”, IEEE Transactions on Magnctics, vol. 28, pp. 27-35,
Jan. 1992

[20] R.Hascgawa,“Mectallic glasses in devices for cnergy conver-
sion and conservation”, Journal of Non-Crystalline Solids,
vol. 61&62, pp. 725-736, 1984




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /ENU <FEFF0066006f0072002000330030003000200064007000690020007000720069006e00740069006e0067007300200028006e006f00200066006f006e0074007300200065006d0062006500640064006500640029>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


