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Identification Method for Excitation Inductances of Three-phase Three-limb
Transformer Based on Characteristics of Magnetic Circuit
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ABSTRACT: For the application of excitation parameters in
transformer protection, the inductance identification method of
three-phase three-limb transformer was proposed. Based on the
characteristic of magnetic circuit, a mathematic model which
links the voltages induced by the main fluxes and the currents
of the windings was established. For transformers with Y/Y
connection, using main flux induced voltage, the excitation
inductances can be calculated accurately and steadily under
conditions of normal operation, inrush current and external
faults, and the characteristics are distinct from internal faults.
The delta side circulating current is no part of excitation
currents of three-phase three-limb transformers, so with main
flux induced voltage replaced with winding voltage, the
proposed method can be applied to transformers with Y/A
connection directly. In this case, the excitation inductances can
be calculated under inrush condition, and can be taken as
identification criterion for inrush current in differential
protection of the transformer. The proposed method is validated
by unified magnetic equivalent circuit (UMEC) transformer

model.

KEY WORDS: three-phase three-limb transformer; magnetic

equivalent circuit; excitation inductance; inrush current

WE: XS AR RS R N ], S T = A=
FEAAR e A i I S BN 7 . AR = A =R R
IR R AL A N7 7 S Wt ORI I, P 5 Tl HRL VA R AR R
WECERI . 0T Y/Y FREHIAR G, ARG L T R Y
Hbefm, ARYE TR nI AR . WA SR IO A AR Py i e
TEOL N IRA S HL, PR 280 WA b A BRI . A

HEWB: HEARBPEIEETIH (50907048, 51037005); #4555
B2 R TURHTE 4 % B 7 H (20090201120018).

Project Supported by National Natural Science Foundation of China
(50907048, 51037005); Specialized Research Fund for the Doctoral
Program of Higher Education (20090201120018).

WFRGEAAE = AH A AL PR A AR R, 7R S84 s v
A RGN RS, TR H T YA EREE, T
WIS AT AT VR v RS, AR, TS 2EE)
DAPRCS, WM A . g g i
(unified magnetic equivalent circuit, UMEC){jj FAREAVIGIE T %
iR IE A .
KEER: A=A WIS R iR
0 3l&

AR He A DR AP AT A PR 2 2 i) 2 BT AR RS 1 X )
Al R R AR P S AR P I o TR FH R 7 VA AR AR
0 Tl TR R TR AE AT VU o TR TG YA R B T
TR SEPT. A TR A RSO T 2
DRI IRISREMED S DAl TR T PA) 51 5 i P PR 1) 9
TAREHE S BRABERY , X UARIE G2 8 (e R sh AT,

PRAP AR TN AR Al AR 1 s 1 FL 3t X
B B SORAN AR, AR T Y A8 P s DR AP T
BAEAEH TN T A8 2 (3t o 20 SRR 10-12]
Pt 7T bt RS B PR P R B, R AR IR s
Uiy LA R FL AR T 3R R A R i ri S 8, TR
P %S HAE R s A IR R IX. P AR I AN )
R AL ) 38 T 2 P9 P o il 2 M RE A S T il
AT FE A T TR, A A 122 S B0 A s 85 P
WA () A TR AN 52 SRR R IR B o 2 S B LA AR A
PN TS, PRI R H TR P s R4 RIS

SR H AT 2 07 V2 I 5T 2 Bk T A AR s
SR A T AUAER RS, TR0 0 SR SEEBR  HR
FH AR AR F 2R 20 ) = AH AR Hs 28 20 . AHEL T = AHAR
M e, =A== I ae A A SE 2 i i Bk O A7 A
B, T H BT RO R, S AR S H



98 OE B AL

T £ %

%31 3%

FEANRERRIC, AR PR B 52 2k O VL R JEE 1 5%
Wil o 5% Mg (0 I VH S Cn e i L ok ), K
B _E 20 AT R 2 2 T A% AN AN I H R R Se 4 L
KE, VLI EIRE R IT & S R A B AR A, =
A = FE AR A8 2 D I A2 5 AN RS AR T L 22
1117 2% s 45 il e 25 400 5 W F 2 e 21 VR s R il L O
IR AR, T 3 I A4 HA B0 5 R R R RE JiZ 1
e AEVHE A = FE R IS e S B, N T
RIS S R ISR ASH I SRR AT I IO B S, 3
LA BT M1 S

BEARR T YIMEL TSI, =M =R R4y
S IR A AE S R R PTR IAE T  =AR AR s %
HABRATIX I . AT AR KA, AER AR
TR S R IR — B2y AR A s s S8 2 i L
Hs o il oL SR il LIRS 2 B AN N 2 o ikt
TR RS, SRR R AR
20 M A BRI, LA 2048 1 A i S A 3
SN I VAN (1TB2 1 2 AP /s pIVARE ue e S R 1) 72 SR
XS =AM AR AN R T

BEXT LA B, A SO = A0 = AE AR I g 1
TG I S L B HR PR 5 b G 2 B AR LR AR
FENL T E M T A S BB e T
Y/Y YA 2 Pt DL it v S Bt 505 1k
LA SRR AT RO T PR i Z 8 ke, I
R A SCHILAT T ik

1 ZHE=ZAATEFIFEE

AR F G AR s 4 3 B = A = AF U8 R
PRI HCAASY, LR AT ] 1 prstel,

DFE A LB LFEC
---------------------------------------------
1
» I \ y N N N
2T -’/ -l—u’—\ _”, ! \‘
Al [Ty B i [V |y Ic T
UA B -'|—:-'— Y%A ug ! A Y%B uc 1 ﬂ‘—f-“— Y %C
ey \ ) ! —l—\"\—l‘ ! ‘.\ /
::A\ ¥ II |: \ R
! Lo TA | .
don Y i Fna de Y | Fnp doc Y A Pnc
N LA PR
Rk T \I ~)| ; i \| N ,',l \
I 1R . b [T . le H Yo
w | TN YSA | U HH Y | L HH Y
\ (W v V)
_n\_.’ Y — 1/ — \
» % ¥
i

E1 =ZH=#XTERHZESHrEE
Fig.1 Magnetic flux distribution of three-phase
three-limb transformer
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Tab.2 Magnetization curve data of the transformer

7/107pu Ulpu 7/107%pu Ulpu
0.000 0.0 1.320 0.90
0.678 0.5 1.500 1.00
0.857 0.6 1.750 1.05
1.001 0.7 4.460 1.10
1.170 0.8 15.600 1.15

D Y/Y BERE .

Bl 6 WA RARAE 1 s IR A XA A Ak
e BN SR AR SRR T AR 10 55 B ) B e 1E R as AT A
DX A s B A s 2o B TR, T A 5 B I Uk
B AR, T HLBEAR e 2k O AR AT — 2 19
AL

Bl 7 4 23 B — A A AR e 2 B 7 2 F il
T, BB SR A ASCEIE BT SRR g 1 8 i
TN AR IE AR E RGN, TS IEREE 2k
P AEARRT BB A BT A4k, A I 25 AHIE IR
TR A I b 7 558 KA R 22 30T 2 PR A /M 2 ) A8 8
Ak, AR BER K

K9 b A=A AR R A% A FHSAR A 1%[M
Vi) WA Bt By A SO T A IR 25 I ) 1 K b I

45

. : : :
$ 30 M/«/L\/\/-'\/\"\N"\/\
~

’s . . .

60 . . ,
jun]
% 50 /\MM
bq 40 1 1 1

45 - - -
z
g 30 /\‘\/‘\«/’/\/‘\«/‘/\/\’\«//\
~ s ' ' '

0.98 1.00 1.02 1.04

t/s

6 [XIMRHE A FHEPERS X AEREET B Rk

Fig. 6 Instantaneous self inductances with external fault



102 S R <E 1 R R = SO 4

%31 3%

iLa/A

NNV

8Ql 00 1.02 1.04 1.06 1.08
t/s

7 TIERBHECER

Fig. 7 Inrush current of the transformer

(=)

iLp/A

iLc/A

EN IR
< ]
Eh

O 1 L L
:E - T T T 4
\ég 40 [ \ i
q 1 N n

0
T 40t ' l l E
o \ \ \
< \ \ \

1.00 1.02 1.04 1.06

t/s
8 [EhAE B AT KRR B &
Fig. 8 Instantaneous self inductances
under inrush condition

= 40 .
~
O 1
60 . :
jan}
~ 20 E X K N ]
40 - - -
jan}
R ) AANVAR VA WAL WAsNWV/
~
5 . . .
098 1.00 1.02 1.04

t/s

9 A tRZELH [ B &R TSR B =R
Fig. 9 Instantaneous self inductances of
the transformer with internal coil-coil fault

Wi A i s RS (R AR A P AR /N, B S X T
DX 47 I 5 Rl T S ) s 48 110 5Bk B 1 SR

L B FLEE RaT W, 6T Y/Y Bk = A=
FEAAR i, A0 SR A 3 o J8 B s B4 i SR FH AR S
SE ] AR SRS H AR R AR G A 1IE 384T LA
T AR T (1) il S, A il o S 4
REAE B S DX ) T P S A O, T TR R T
g PR 2 B AR s A R A R

2) Y/ABE G B

T R e A ity Y D T 728 Y B T S Jil
WS E M, W8 Y/ABRR AR a0y . TiE.
F 7 il L R DA R R4 L R A TR AR A S 0 B 1D
WYY FE AR AR AR [

K] 10 A A5 il B A2 Hs 48 B8] il o A A
IRV o Iy FH 28 2 v H 1 P4 0) 25 i I Dl 9 Jeke

ZHUNP 8 Y /Y Fele A8 I i H 5 B Jge o [ B i
PRI S HULRL, W 11 Fos. KRR
N Y AFEEAR 1 2 i L VS P A PR 451 il
FE, SRR Y/Y F A8 s s ] 0 RN, v s
THEL T AR 4 b B K

HIE 11 Al 2 R TRt ol o TR
AN, B i S ZE AR/ o (HIXIFAZ B
@%%ﬁﬁﬁm%ﬁﬁkimjﬁfﬁE%Mﬁ%ﬁ
WLILT-5 4 G 2 i HEL s M2k /o [ 56 0 T2 ) il e 25
ﬁ&myﬁﬁmﬁfﬁﬁm%ﬁmngu@%

FEAR Hs O AR NI, O 0 [T 326 Ja i F
SRR FIIER, I P D i PR R M PR i e 4 i
P MR R R [ 6 1 il il L I RGO PR S M AR
/o WU Y 4 B R A 2 R A HL TR P 7

il RUBAR ZEAR N o R D AR X, B
[ % il i P TR BB AR A 2 AR AL (¥ )L 23

» SO RE Pl LR R/ K R S i L s s K
ﬁﬁ%%u,u%ﬁmAﬁiﬁimﬁﬂmﬁ H
F 3 RISl P A B AR A, P AR I %8
21 S VLIS BT A5 10 il LB B AT ORI 22, (H
WRZERIHUEAR D o

< 2 000 T T T
= 1000f ]
0
0
<
2 -1 000f
-2 000 : : :
g 308 T T T ]
3 300 ]
= 600k . - - ]
< 200 T T T
= OWM
= 2200 ' - -
1.00 1.02 1.04 1.06 1.08

t/s

B 10 T[ERFAIENHGERFAMINGE
Fig. 10 Inrush current and delta side circulating current
under switch condition

[ HHP
p{ [ [
B Y A O A A

1.00 1.02 1.04 1.06
t/s

B 1 2#EHEERTHRETESERRN B

Fig. 11 comparison of self inductances of

Laa/H

Lgg/H

Lcc/H

the transformer under two switch conditions



%19 3

B IARAR T WA R AE 1) = AR = 2R s 3 ik 2 003 103

FCABE 11 2 it B A ) il o o B A
HER, BT Y/ARRG M) = A = A A R4,
FH e 20 i v, 1 SR il v RO 7 2 AR ZE B AR N
REMS S A AR A

Y/ABRAT RS, AR Y A 2 AMZEAL T
()b, P S EO R IR B 12 Pos. 5
Y/Y BB R, LA B ERN, HAEA
A

K13y YA AR R AS Y U A AH4 8 MR
ik B S A 5 0] 45 &4 it FEL s R Jil s P 98 T SR A5 1)
FBEE FK BRI TR B SEOR ZE R, T H

z 40
szLﬂ¥1
~
0 L
60 | . . N—
z
240- 1
= 20 : : :
- 40 . . "
bmJ\Jﬁf\ﬁxﬂwNu%
S 20¢ ) ) ) 1
0.98 1.00 1.02 1.04

t/s
El 12 A fBLRAR (8] # k=Rt = B RS B =2
Fig. 12 Instantaneous self inductances of
the transformer with internal fault
40 T T T
0F A s~
60

AN

0.98 1.00 1.02 1.04
t/s

B 13 XIRE A tHEFERT = HEBRS B 2

Fig. 13 Instantaneous self inductances of the transformer

Laa/H

Lgpg/H

Lcc/H

with external fault

Ly FALF N AR RIS (K0 2 HORA AL
XTI = = A S s, RITISe4]
S FEL s T 45 FR) il s 2 R 06 S5 W Jih 4 G O 22 s
SRR AR 22, TG S AU IE RENE X
9 A s i R A A S e o (HLDX AR T by
A T SR AP il B 2 B0 i 5 2 T s A 8 e e g 4
e SE SR AR S R, fEE

S ORAP SN Ja F AU IR AR o

4 Lig

SO = A = A I A B oA B R AR,
BT T TR A G RSB R, @A T

TS BOFARIN AR B a8, X Y7Y A1 Y/A 2 Fi
PR DU AR R A3 G 2 Bt S AT T e

D XEAE = MR R S, P I
N s A AN AR S5 925 T L ME B SR AT LA il vl
BSH. AEIEWIBAT LA SN i T Bk
FHI SR BE G AN S AL s A5 1) TR, R Ak
WA Dl 12 s s 9 PR R (R 00, T DUT TR i
A2 s i B PR AP B o

2) MFFATARL AR LA, AR S BE B
PR A K R, LR F R R P e
PR o A A AR s 45 I R L IR R P e 4 s P s P
RS HHEN S WAL I 23 B D I RRS AR 1L, e
DX 15 2 s i P9 P AR (R 0, AE™ AN e
SEPORSERAL S WAL, TS ZE SRy
C B oA S il i i VA LR ) 4 o

B2 3k

(11 &M, EFedT, JRMSRA, A5, F 038 s i il idimin
e KILKED]. RS AL, 2003, 27(22): 1-6.
Ge Baoming, Wang Xiangheng, Su Pengsheng, et
al. Criterion and development trend to identify inrush
current of power transformers[J]. Automation of Electric
Power Systems, 2003, 27(22): 1-6(in Chinese).

[2] fi#0E, fRIKR. BIGBEARRREN RS I]. TE
ML TR, 1998, 18(6): 395-398.

He Benteng, Xu Xidong. Transformer protection based on
wave comparison[J]. Proceedings of the CSEE, 1998,
18(6): 395-398(in Chinese).

(3] AU, BRAEM. T SRR E 22 5 A WA 4 0 7 ik
(1. " EEHL TSR, 2000, 20(9): 55-58, 63.
Hu Yufeng,, Chen Deshu. A new method to identify inrush
current based on sampled values[J]. Proceedings of the
CSEE, 2000, 20(9): 55-58, 63(in Chinese).

(4] EMDG. WA BRI AL L s Z 3 R 4P (1] D RSEA
ik, 1979, 3(1): 18-30.

Wang Zuguang. Transformer differential protection based
on the dead-angle[J]. Automation of Electric Power
Systems, 1979, 3(1): 18-30(in Chinese).

(5] AUKEN, Mgz, XHCHE, &5, — R TR0 [ H)AR
JESARY T Z ). W RS A BN, 2002, 26(24): 28-31.
Li Yongli, Mei Yun, Liu Changsheng, etal. A protective
scheme for power transformers based on sequence power
directions[J]. Automation of Electric Power Systems,
2002, 26(24): 28-31(in Chinese).

(6] EHV, RE, £F, 5 ERTRLSEA R L

RO JFERAET[I]. P E AL R AR, 2003, 23(12):
54-58.
Wang Zengping, Xu Yan, Wang Xue, et al. Study on the
novel transformers protection principle based on the
transformer model[J]. Proceedings of the CSEE, 2003,
23(12): 54-58(in Chinese).

(71 AIGHE, skiRe, #ak. BT ENE-TE TR



104 S R <E 1 R R = SO 4

%31 3%

JEA R SR T]. o E AL TR, 2006, 26(10):
67-72.

Hao Zhiguo, Zhang Baohui, Chu Yunlong. Study on
transformer protection principle based on equivalent circuit
equilibrium equation[J]. Proceedings of the CSEE, 2006,
26(10): 67-72(in Chinese).

(8] hiff, THEF, Kb BT BN DR ER AR a4
PRYRER[T]. P E AL RE2AR, 2008, 28(13): 78-83.
Ma Jing, Wang Zengping, Wu Jie. A novel principle of
transformer protection based on generalized instantaneous
power[J]. Proceedings of the CSEE, 2008, 28(13): 78-83(in
Chinese).

(9] VLAV, T bl BZb e ik 0 A% s 4 Ik i i R 3 7

). AR, 2008, 28(12): 77-80.

Tan Jiangping. Identification of transformer magnetization

inrush current based on magnetic flux track[J]. Electric

Power Automation Equipment, 2008, 28(13): 77-80(in

Chinese).

SRR, SR, RIRTK, . TR BRI

ARG TED]. R RHL IR AR, 2001,

21(7): 91-94.

Zong Hongliang , Jin Huafeng , Zhu Zhenfei , et

al . Transformer inrush detected by the variation of

magnetizing impedance[J]. Proceedings of the CSEE,

2001, 21(7): 91-94(in Chinese).

[11] By, ik, FRAER, 45, JET Al iS00

A5 S AR A T VR[] T 2 AR 244 2007,

41(10): 1214-1218.

Kang Xiaoning, He Lu, Jiao Zaibin, et al. Distinguishing

magnetizing inrush based on characterastics of excitation

inductance[J]. Journal of Xi’an Jiaotong University, 2007,

41(10): 1214-1218(in Chinese).

RHINAR, A, RIEL, & FETHbE 2 ail

HURAL A OB I o L CRE A4, 2008,

19(7): 1-5, 76.

Suonan Jiale, Jiao Zaibin, Song Guobing, etal. A fault

component comprehensive impedance based transformer

protection principle[J]. Proceedings of the CSEE, 2008,

19(7): 1-5, 76(in Chinese).

[13] Elleuch M. A contribution to the modeling of three phase
transformers using reluctances[J]. IEEE Transactions on
Magnetics, 1996, 32(2): 335-344.

[14] Mork A, Ishchenko D, Stuehm D. Hybrid transformer
model for transient simulation[J].IEEE Transactions on
Power Delivery, 2007, 22(1): 248-256.

[15] Oliveira L, Cardoso A. A coupled electromagnetic
transformer model for the analysis of winding inter-turn
short-circuits[C]/IEEE  International ~Symposium on
Diagnostics for Electrical Machines. Grado, Italy: IEEE,
2001: 367-372.

[16] Yacamini R, Bronzeado H. Transformer inrush calculations
using a coupled -electromagnetic model [J] . IEE
Proceedings-Science Measurement and Technology, 1994,
141(6): 491-498.

(17] AEE, Kiks, o, 55 T TR
(K372 s 25 DA SBR[ i B L T AR 274175 2006, 26(10):
67-72.

Hao Zhiguo, Zhang Baohui, Chu Yunlong, et al. Study on
transformer protection principle based on equivalent circuit

—
—
(=1

=

—
—
[\S]

—_—

equilibrium equation[J] . Proceedings of the CSEE, 2006,
26(10): 67-72 (in Chinese).

(18] 28— MUK TALES. AR FEAM]. dbn: Pk LT
AR, 1979: 58-158.

First Ministry of Mechanical Industry. Transformer product
stylebook [M]. Beijing: China Machine Press, 1979:
58-158(in Chinese).

(191 BAREAT. AR Mt i) % BT SR [T]. AR T, 1996(1):
22-25.

Zhao Wangchu . Zero sequence impedance and its
measurement of transformer [J]. Transformer, 1996(1):
22-25(in Chinese).

[20] BEEE, KKK, ke, BRIB[FITFHEBUNFRI]. &
JE#5, 2007, 44(8): 33-35.

Lu Jianyu, Zhang Changshuan, Shen Hong. Characteristics
of  zero-sequence impedance of  transformer
[J]. Transformer, 2007, 44(8): 33-35(in Chinese).

[21] B3, XU, B, 2. AR 2 b it f e

TR I CT BL BB 7 =[] 4kgs, 2006, 34 (16):
1-6.
Zheng Tao, Liu Wanshun, GuJun, etal. Analysis of the
calculation of equivalent instantaneous inductance in
three-phase transformer and a new CT's configuration
[J]. Relay, 2006, 34(16): 1-6(in Chinese).

[22] Enright W, Arrillaga J, Watson N R, et al. Modelling
multi-limb transformers with an electromagnetic transient
program[J]. Mathematics and Computers in Simulation,
1998(46): 213-223.

[23] Arrillage J, Enright W, Watson N R, et al. Improved
simulation of HVDC converter transformers in
electromagnetic transient programs[J]. IEE Proceedings-
Generation, Transmission and Distribution, 1997, 14(2):
100-106.

[24] EbK, BA, (4R, 5. A=A A i r i

I 2R IEI]. SRR, 2007, 33(3): 71-74,
95.
Cao Lin, Zhao Jie, He Jinliang, et al. Research on the
withstand performance of the three-phase three-limb power
transformer under DC current biasing[J]. High Voltage
Engineering, 2007, 33(3): 71-74, 95(in Chinese).

UtS HHEE: 2011-01-16.

EEEN:

RFINAR(1960), 5, #9%, WLAES
Ui, =R SETT IR A L R GE Ak LR,
suonan@?263.net;

VFArak(1982), Y5, 5, 13
WS TT M kAR s T H 5 R b,
sduxuliqiang@163.com;

FEAEE(1972), Y3, L, 9l #F5T
05 10 N H ) R Gk L AR

FExi(1983), H, fifid, WA E
NRG AR RS

~ w

ETEDIIER

(%mEE AN




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


