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FDS Modeling of Main Insulation in Oil-immersed Inverted Current Transformers
Using Bézier Curves
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Abstract: Frequency domain spectroscopy(FDS) is widely used to evaluate the quality of oil-paper insulation. Accurately
modeling the triangle insulation of oil-immersed inverted current transformers,which is a critical fault-prone area, is es-
sential for linking FDS results with insulation performance changes. To develop a more precise FDS computational model,
this study employed Bézier curves to geometrically describe the triangle insulation and used the X-model to calculate the
complex capacitance of the main insulation. A three-dimensional finite element simulation was also conducted to obtain
the transformer’s complex capacitance. The proposed model’s accuracy was verified by comparing the measured complex
capacitance of three oil-immersed inverted current transformers from different manufacturers with results from the FEM
and Bézier-curve-based models. Experimental results showed that the average relative errors were less than 5.489% and
10.385%, respectively.
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Table 2 Main insulation dimensions of the TA

N BB ER/ KR HENER A ER
2 BE
mm mm mm mm
TR B 289.98 1265.58 144.49 890.91
Hh i) 57 182.78 2562.96 227.34 806.90
N 77.52 3891.41 309.76 722.40




864 i LR AR

2026, 52(2)

() L HE RS T AR AN N (19) P :
-V ((0 + joe,e, E)VV)=0 (19)

b E NHIZSRE; V AHBIH: & NHEXAH
AL

FIFH COMSOL Multiphysics %] AC/DC #
B g iR AR 37 30 A RS 2 45 TR oA,
o AR A 5 R BE R AN 200 VRS TN, AR5 N
0 HIf7, BB a] e s B v . MR
AN TRIUAR F IR 25 PR 48 25 i R IR AR FR R VB
B TR 0 28 43 PR A B RR 1 20 ) AT 1, [
i 3L B AR I L T 0N 3.030x107 S/m. TEATIR P,
FALLE L AN L5 ik A LI R P PR S AR G A H
e (o) ATRRN:

e (w)=¢ —je'=¢ -z o)
v r e =& Jwgo (20)

AHr: e Ale! 53 B AR A o B S R
Wy GNHLS R, K (20) AT LS T B a2t
[y, S5 GRIMIR A B B e, AR, IR @D—
QT . FEHIH o ) B e )1 9 48245 9 177 2
4 N B AT BR TG0 BB o 1 48 250 R
He. AR AU A Hh i 2(6) R -
o(w)=elg0 1)
& (0)=¢ (22)

0 AL S AR AT T RS RISy, T R
17 BUALRY 1 X A R B RO SRS 2, 7 R TT R 40
RS o 2SSO ST B I AR B TR T TR
Ze, WA A TSRS FE B R, 1 T ML
He 2 SEOH B IR KR, DR A SO 1
90 % ) 43 7 B R TE 5 6 FE U B B RO JE (1 S
I SR B s A T 1 R DG T A
IR T TE R IX 3SR P P 1 5 SR A 34T P 1
Sy, DABRETREFERAY, A RIS 7 B

B4R R, AT AR TR AR A o BR TR
R BT 540 Y, U Eh (23 AT AT AR 1 5
25 C"

. P D 4
cC=C-jC"=—-—=—
! jo V  jo (23)

4 HBRWIESRESH
41 ETNERMEGEHGEEERITEEERM

BE
FMAEBIZR 3 AR K LIRSS L% =

A DXBAT AR B SR B R, e 22 1
WA A3 2 1 AR G e LT DS R it 2 2 i 4
G =X KR AT A SR Coy MEEHE Cy o H5 3
& e Bl A5 2 10 R AL I E (Mea) 73 il 5
B AT SRR (Cal) AR A7 B (Sim) BEAT EL#R,
AR RIS 5 EAE S S IME R A SR AR
AR IR ZE, SRR T AT DB R 2l A A =
A DX R LA SR T IR TR

K8 FIE 9 e th T 3 A KK %
# R AE S I RS €, « TR C, AT
A Cr, » BB RN AL C,,, « U7 EAH CJ, A0
WEAEC .

K7 CT-A E4uZ AR pkg &l o

Fig.7 CT-A main insulation model meshing

——CT-A(Mea) © CT-A(Sim) -~ CT-A(Cal) |:
——CT-B(Mea) a CT-B(Sim) ----CT-B(Cal)
—o—CT-C(Mea) © CT-C(Sim) -~ CT-C(Cal) |

e e

0.80 , &R

0.64 AR

1072 107! 10° 10 10% 10°
i /Hz

B8 3 BHRMEAATIMNERE. fiEME. HEE
Fig.8 C.. ,C.. . andC., of the three transformers

6 \ ‘ ‘
4|~ CT-A(Mea) © CT-A(Sim) ~o~CT-A(Cal) |
. |=—CT-B(Mea) a CT-B(Sim) --4--CT-B(Cal) |

b |—o—CT-C(Mea) © CT-C(Sim) o CT-C(Cal)

2N
AN
D 1.02\{‘2\ i\a\\\
= 0.8 ? 2
0.4f A |
o S U I =
0,23 o ‘Q\&M e 3
i s \\é ; R '.".“.':'.'..;
1072 107! 10° 10! 10% 10°
W E/Hz

K9 3 &HREEBEAEMNEME. (FEE. HEE
Fig9 C!.,C~ . andC., of the three transformers



KT, SR, IR, e JET VLR IR A i iR 8] 37 R I LA R A U A A 865

MEF AT H, Bk 11X 3 GRS HE .
07 FLANTH AT 21 5 F 25 SIS R R 38 24 7 K A0,
PN AR Hh B B, T S0 S R R A T R
Hodr, fiEAE. THEAA 05 S r 4w 22 s/ ME
FEAREPIEPRAEL, XRI{EET NERMLNE
HL AT H SRR TR A A ] P ) 52 F 28 SIS R
()TN LA P T 25 e PO

FIFMXRZSH T 3 EARR] K LIRS %
A TI3% FDS W& 1) 5 i 25 Sl 70 5 2
HIRERF 4% FEM B S B 2505 B AT I
ZERMEI A AL = AXMEBFTHENTFE
FERE. R3IFIHT 3 & HES BRSNS RIRNT
BRI R ZE . o, gl N B R S AN S
DA R E SRR 2, &l NI EE HAE
i R F SN A R R A IR %, el NITHE
S5 P S S R SIS A P R S S ) AR R R 2
el NTHEE R R RN S A R AR R S A
X IRZE o

Wk 3 Prn, 3 GWRENE BRI EENGE
35 S00ME BB N AR R 22, S fabr AN
1%, oA 5 B 25 R 3R (1R 22 B AR B K 538, &
ST H R B R RTE T A & U, R s
TG RGNARERREE, HAHXSHn A § %, A
JRARFE A IEVIME 52 AN IR 5T DA S 2 A FE S R R
UMK, DAL R 0 B 5 2 sk R H ()R 22 5 T
Zeid DAL 8t 5o LU AR ZE 40 A, R BHA SR )
BT DU R IR A4 = A XS A T AR Y
AIH a8 402 FEM 4 BUBIRY 35 H A 45 i (1038 oL
PRI AT SE, Bei8 B H T ANE K8 500 kV i (5]
73 HL LR A A B AR 1) LR A R LA
42 RIEEBRRBEESZESZRE=ZARMKUNE
R EEG AR EMMESTEE

¥ 3 6 BB o A R s = 48 25 LA Ak
775 (0g) 5 A SCHE H I T D8R i R 3B 1 7
1%(Bezier)f3 2| A F A IITHRAE . KA R R
F14) S 50 R 0 A ) 5 A PR 28 SIS (Mea) AT
Eei, il 10 A1 11 prose. MBI ATRLE H, A
BT DRI AR A JE 1 B A T AL C) A
TF IR s TLAT R B 7 355 10 A L2 C, 15 S2BR IR
B C, NFFEFEEET S, R LA ikm T
208 T = A IXAE LT _E R I 5T A R TR,
FLTH AR A SR P 5 L 2 S AR o 0 T A /N T S ME
BT DR = AR SGE TIX— 2%

®3 3 AHRES AR AR R ZE

Table 3 MRE of each indicator for the three transformers

PRI IR 2 FHIME%
CT-A CT-B CTC
Eim 1.329 1.835 0.964
m 5364 5.489 4,084
Eon 1.435 0914 0.785
Eam 10343 10385 8471

| 4l [~—CT-A(0g) oCT-A(Bezier) o~ CT-A(Mea)
’ —— CT-B(og) aCT-B(Bezier) -a.- CT-B(Mea)
—o— CT- )

B1e 0ttt 0ttt Qreer0rer 0400+ B e s D ren

. ;
0.6 SEEELS TR S, S Lo ZETTED TP D S I, S I R e AT

1072 107! 10° 10' 10% 10°
i /Hz

K10 3 & FIERES A A A 2 SE B 5B 5 S B

Fig.10 Comparison of the C; and C;g of the three transformers

45— ——CT-A(0g) ©CT-A(Bezier)-<-CT-A(Mea)
\ |—2—CT-B(og)2CT-B(Bezier)--a--CT-B(Mea)
B —o—CT-C(og) © CT-C(Bezier)-o CT-C(Mea)
2P
N
. Lo RN
s 0.8 ) 2 (S ANV . AN | NOSS——
S 0.6 SR ..................................................................
0.4
0: 0 Ermmramnias ™ ................... i s -
107 107 10° 10 10° 10°
2 /Hz

11 3 & HESPIAE A R RAE 5 ScME XS E
Fig.11 Comparison of the C; and Cy, of the three transformers

S, BN TR AR S SB[ iR 22

A FIt T AR AR R0 B A T
FAES W& E BASME 2 [RIAE Y R 2, 538 3
el Mel MR, 3 GlsdulfEmEH
VT AR SRR S50 PR R A P AR LU JR GRS A
5%~10%H1$2 T

5 ZEig

1) BT SRR A R AT RS
A Ru i FAR T R I B i . 3 & K



866 i LR AR

2026, 52(2)

x4 SRR S SEME 2 [P A X R 2=
Table 4 MRE between the C, and C:g

L. ‘ AR /%
C; A1 C, HoeRR %

CT-A CT-B CT-C

8;g 7.046 6.694 4.445

&l 16.765 16.268 13.779

5 HLA IS AR S S IR P AR R 22 KN
1.835%, REHIRZER AN 5.489%; THHEBAL LR
ZERCKON 1.435%, JEEIRZE RN 10.343%.

2) NZERh &M BT TR R, AH
BT 2 = D 2R 0 R, i s B A Sk
BB R R 22 3 B BEAR 5%~10%, B0IE 1 & 2% LA
AR B 20 1 1 0

3) SR IR H AR T SRR RN AR A X
ANE]) T GRS 2 L I LA 35 B A R ) i
. XU 7T 246 2 = A X A GRS R L
PR FEIRAL 1 — S BRI AR S, skl
IR R RS A G R RS HE VAL 5 RS 12
BUE | BOREEA.

B 3% D84S 1) 9 2% il (http://hve.epri.sgce.com.cn).

S22 #Ek References

(11 £ B BXR, %450, 5 —iimR R s R mcee
SREARIIZ WA T[], AR S, 2020, 57(3): 82-86.
WANG Qiong, YANG Wenliang, CHE Chuangiang, et al. Diagnosis
and analysis of oil-immersed current transformer with PD defects[J].
Transformer, 2020, 57(3): 82-86.

2] BREGE, RN, PMEES. 220 KV SRR L FR FLEE A Sy
Br[J]. ZAZE#Y, 2010, 47(5): 68-71, 74.
CHEN Ruiguo, HAN Honggang, SUN Yanhe. Problem analysis of 220
kV oil-immersed inverter-type current transformer[J]. Transformer,
2010, 47(5): 68-71, 74.

[3] Emed. BABKBT REFRFAS: BHERESEM] dbn:
T BT AR, 2014 46.

WANG Xiaoqi. Electrical equipment operation and maintenance series:

power transformers[M]. Beijing, China: China Electric Power Press,
2014: 46.

(4] EREDE, AR, T X, A 8IS0 IS BB B K G
KEETZHHI]. BIRASETIHME, 2015, 36(2): 73-77.
QIAN Guochao, ZOU Dexu, MA Yi, et al. Typical defects and key
manufacture technology of the inverted minimum oil current trans-
former[J]. Power Capacitor & Reactive Power Compensation, 2015,
36(2): 73-71.

[5] FOFANA I, HEMMATJOU H, MEGHNEFT F, et al. On the frequency
domain dielectric response of oil-paper insulation at low tempera-
tures[J]. IEEE Transactions on Dielectrics and Electrical Insulation,
2010, 17(3): 799-807.

(6] # W, £ W, REM, S WACLEZA BN RS I ERTT
PR S RIE]. mEERAR, 2016, 42(4): 1179-1189.

DONG Ming, WANG Li, WU Xuezhou, et al. Status and progress in

(7]

(8]

(]

(10]

(1]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

study of dielectric response technology for oil-paper insulation[J].
High Voltage Engineering, 2016, 42(4): 1179-1189.

SU Z C, ZHANG Y Y, DU Y Y, et al. An enhanced X model of
oil-impregnated paper bushings including axial and radial nonuniform
thermal aging[J]. IEEE Transactions on Dielectrics and Electrical In-
sulation, 2023, 30(2): 825-833.

FAN X H, LIU J F, ZHANG Y Y, et al. A modified XY model of
transformer oil-paper insulation system including non-uniform aging
and conductance effect[J]. IET Generation, Transmission & Distribu-
tion, 2021, 15(13): 2008-2017.

LIUJF, SUN TY, FAN X H, et al. A modified simulation model for
predicting the FDS of transformer oil-paper insulation under nonuni-
form aging[J]. IEEE Transactions on Instrumentation and
Measurement, 2021, 70: 6004709.

SUZ C,ZHANG Y Y, DU Y Y, et al. Two models for predicting fre-
quency-domain spectroscopy of nonuniformly damped OIP bushings
based on FEM and dielectric theory[J]. IEEE Transactions on Instru-
mentation and Measurement, 2024, 73: 3519810.

LIU J F, WANG Q Y, FAN X H, et al. An improved geometric model
for constructing frequency-domain spectroscopy of nonuniform aged
oil-paper insulation[J]. IEEE Transactions on Dielectrics and Electri-
cal Insulation, 2023, 30(1): 317-325.

FRT. B BRI, SE RS2SR N AR G B A
BB RERAET]. T E AL TRR AR, 2018, 38(16): 4942-4950.
ZHANG Daning, BAI Fan, NIU Chaobin, et al. Frequency domain
spectroscopy characteristics of oil-paper insulated bushings under dif-
ferent damp types[J]. Proceedings of the CSEE, 2018, 38(16):
4942-4950.

JARZE, ZJR, EARM, 5 AN ZHMARL SIS K40
I (D], mRHERAR, 2015, 41(6): 1951-1958.

ZHOU Lijun, LI Xianlang, WANG Dongyang, et al. Frequency do-
main dielectric spectroscopy of non-uniform aging oil-paper with
equilibrium moisture distribution[J]. High Voltage Engineering, 2015,
41(6): 1951-1958.

X4, E OB, M B, S IR O B
XY M5 BRTHBN LR FE[]. i ERR, 2014, 40(11):
3483-3490.

LIU Yuan, DONG Ming, REN Ming, et al. Comparison and research
of XY model and finite element model in the simulation of frequency
domain spectroscopy of oil-paper insulation[J]. High Voltage Engi-
neering, 2014, 40(11): 3483-3490.

#OW, X 8 M WL AR K EE S A AR AU
S B RERZIE AT FR GO SR 0]. s EROR, 2014, 40(11):
3403-3410.

DONG Ming, LIU Yuan, REN Ming, et al. Impacts of moisture con-
tent and distribution on frequency domain spectroscopy of oil-paper
insulation system by FEM approach[J]. High Voltage Engineering,
2014, 40(11): 3403-3410.

EFF, o B, TAEE, S5 IRENL AR R E A%
it SIRAC BT[], R EOR SR, 2014, 29(1): 37-43.
YAN Xiuke, SUN Yang, YU Cunzhan, et al. Electric field analysis and
optimal design of main insulation for oil-immersed inverted current
transformers[J]. Transactions of China Electrotechnical Society, 2014,
29(1): 37-43.

BLENNOW J, EKANAYAKE C, WALCZAK K, et al. Field experi-
ences with measurements of dielectric response in frequency domain
for power transformer diagnostics[J]. IEEE Transactions on Power De-
livery, 2006, 21(2): 681-688.

SAHA T K, PURKAIT P. Understanding the impacts of moisture and



KT, SR, DR, SE.

H T DUZE IR i 2 1 iR 480 7 3 Fl R0 LR T A 5 s/ P o 2 A 867

(19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

thermal ageing on transformer’s insulation by dielectric response and
molecular weight measurements[J]. IEEE Transactions on Dielectrics
and Electrical Insulation, 2008, 15(2): 568-582.

AHN H M, LEE J Y, KIM J K, et al. Finite-element analysis of
short-circuit electromagnetic force in power transformer[J]. IEEE
Transactions on Industry Applications, 2011, 47(3): 1267-1272.
MR, A, PR, S5 AR SR IR RS I A BT
AR S LIME, 2009, 30(3): 25-27, 32.

SHANG Yaohui, ZHAO Jianzhou, LIU Yaya, et al. The insulation de-
sign of oil-paper insulated current transformer[J]. Power Capacitor &
Reactive Power Compensation, 2009, 30(3): 25-27, 32.

WA, BRI, Bezier HiZR7EAE Bt AR [J]. AT Ra il
EHAR, 2006, 42(1): 51-53.

XIE Weisong, QIAN Shenjing. Improvement of Bezier curves in pro-
duction design[J]. Aviation Precision Manufacturing Technology, 2006,
42(1): 51-53.

77, F il ¥H O ARSSAE B ARG R T
FEANED]. SR B T2 AR (E AR £RR), 2010, 38(8): 61-65.
LI Fang, LI Di, HUANG Xin. High-speed smoothing interpolation
based on NURBS online fitting[J]. Journal of South China University
of Technology (Natural Science Edition), 2010, 38(8): 61-65.

ET, Bkst. WEHLEIEAMI 3 B dent: JEHER AR
L, 1998.

SUN lJiaguang, YANG Changgui. Computer graphics[M]. 3rd ed. Bei-
jing, China: Tsinghua University Press, 1998.

21y, W, EEN, S T R SU e MR B 3L A I
JREH LSS AR A AR I LR 2 T [J/OL]. Hh AL R A
i, 2025: 1-12[2024-12-05]. https://link.cnki.net/urlid/11.2107.TM.
20250206.1455.009.

LIANG Qiao, YANG Mengdi, WANG Lujia, et al. Ther-
mal-fluid-structure interaction modeling and oil-level characterization
of oil-immersed inverted current transformers considering bellows
compensation[J/OL]. Proceedings of the CSEE, 2025: 1-12
[2024-12-05].  https://link.cnki.net/urlid/11.2107.TM.20250206.1455.
009.

EEgfn, G, skifee, 55 BT ESABIRLSHER K
SR 4 2 A B 2 TS R R R LA D], b R AL R AR
2025, 45(14): 5700-5709.

WANG Lujia, QIU Yabo, ZHANG Hailong, et al. Modeling and opti-
mization of insulating oil flow distribution in transformer disc-layer
hybrid winding based on pressure loss coefficients[J]. Proceedings of
the CSEE, 2025, 45(14): 5700-5709.

JARZE, £, EE, 55 SRS A g S KRR

IR R RUEALL]. R REHIAR, 2020, 46(11): 3896-3904.

ZHOU Lijun, WANG Jian, WANG Lujia, et al. Thermal modeling and
hot spot locating for transformer winding in oil forced and directed
cooling mode[J]. High Voltage Engineering, 2020, 46(11): 3896-3904.

(271 JRIE, R, Eegn, &5 2T 2wk Rg kiR e s

& SR om0 )] R R ROR, 2018, 44(11):
3524-3531.

ZHOU Lijun, TANG Haolong, WANG Lujia, et al. Simulation on
three-dimensional temperature field and oil flow field of oil-immersed
transformer based on polyhedral mesh[J]. High Voltage Engineering,
2018, 44(11): 3524-3531.

KFH

2000—, %, R4

W FT7 0] I ARL A FE M 1 55 )7 3
E-mail: yutong_Z@cumt.edu.cn

ZHANG Yutong

NV 2

1984—, 55, Wik, &L
WFFTT g PR AE . H SR
E-mail: niulq2755@ah.sgce.com.cn

NIU Liqun
Senior engineer
EEEMOEEEH)
1992—, 5, [+, "l#x, e
WEFLTT T A B 2 W I R S RS S

E-mail: lujia.wang@cumt.edu.cn

WANG Lujia
Ph.D.

Associate professor

Corresponding author

Wk EHI 2024-12-05  fEZRHRRHIA  2025-06-11 e WA



Mk A
SIS IR A 2 AT A

Lo 2megeH
c: ()=t

a

Ry
1
C* = =
“ 1 1 1
P S N S
Ca(l) Ca(Z) Ca(i)
& e
2me, H ol

X-e +(1—X)'8:p

I R
Z ]n a(lfl)
A R

S EBAM A ] 52 A T A 5
o (z) _ 2ne e, H

0
Rb(i—l)
. 1
C = =
b 1 1 1
* + * + e + *
Cb(l) Cb(z) Cb(i)
ee
ZTESOH . rp ~roil .
X e +(1—X)-.9rp
ilnh
i=l1 R

b(i-1)
P AR AT A

.o Amee R
C (z):—;z ) 0

In

N 1
€= 1 1
— "+ +—
Cw(l) Cw(Z) Cw(z)
g et
47'58 p “roil R
"X +(1-X)g

i=l o(i-1)

kS = AXEATEEE
r+ kz-:'r(k)

arcsin
Pl QMU S
S(i) k=1 H / 2 T 2
« 1
C = 1 1 1
et
Cs(l) Cs(2) Cs(i)
1
i (H/2)n
i=1 .
i . rz + ;Vk) C;(i)
7, +7r |-arcsin = —
(k) z 2
k=1

HEBRERAFTFE AN
L2 B FEL 7 0 D i J5 22 1) X 55 (1498 4 A g
Jit 5 % B X S IR B 5 18

ik BE
; L % ;
C(10

)
T=1=C©9)
C(10) ) i
1 1 PR & BE
GOc®) G %T%)
e "
C@) b
10) J_I_ILICG)AL
G®1c3 C@ i x5
GO D Ley=c,(1
5l k&
e
2me ol L(i—1)—AL(i
o 0X'8:0i1+(1_X)'8:p( ( ) ())
ali)= D)
D@ -1)
et
27'[80 . p “roil . (l)
L X r011+(1_X) €
CP (l) - D(l)
D(0)

SRR A A TR
o )€ ()
C = C
O=ciyrc @ oV
10 I B B4 L B A AR





<<
  /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


