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Effect of the Properties of Insulating Materials on the Surface Electrostatic Discharge Under

Positive Pulse Volage
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Abstract: The electrostatic discharge (ESD) on the surface of insulating materials seriously impairs the operation of
power equipment and communication systems. The research on the properties of surface electrostatic discharge and its in-
fluencing factors is helpful to understand the relationship between insulating materials and surface discharge, which can
also provide an important reference for the optimal design of insulation system. In this paper, an ESD gun was used to
trigger the ESD on the insulating surface. The dust figure method was introduced to show the charge distribution on the
insulating surface. The development of streamers was quantitatively characterized by the binarization method. Moreover,
the influences of insulating properties, such as relative permittivity, surface resistivity and thickness, on the surface elec-
trostatic discharge were studied. Experimental results indicate that, under the positive ESD, the dust figure on the surface
of the insulating material is the plum blossom-like pattern. The type of material affects the development of the streamer.
The decrease of the surface resistivity accelerates the dissipation of the surface charge. The length of the surficial streamer
increases with the sample’ thickness increasing. Therefore, different properties of the insulating material, such as the rela-
tive permittivity, charge injection methods, charge adhesion effects, etc., will affect the accumulating form of the surface
charge as well as the manner of surface discharge. Finally, the ESD process of the insulating surface is further changed by
these properties.
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Table 1 Parameters of insulating materials
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Fig.3 Dust figures of different insulation

(d) PTFE

A A AR R %, # P EE PMMA &
Mo SEURHT, # PLABYREAE 6 mm 1[5 7 1 91k
B, B {5 I A B R EAT 10s AT
20 s [ AbER, 193 3R A R AR A PT it



EAEMS, AEA, ATM, S ARZRRR N IERRE K o R 2R g R R 2665

FEo ARV EE SRR R, (iR
/N T RO AW ) PR S AR BE S 380 10 mm [ —
X AR . X TR FELAR N 400 VO B SE, W
EIRPERIABR. B 600s J5 1 HIRME T HER A
AbEEL 10 s F1 20 s W4 AR TR f5 P12 1T HELFH R 43 51
2.64x1014 Q. 1.49x10'3 Q 1 1.23x10'3 Q.

Wi 4 AR HEARAE R, AR R EEAS 2
A AR 2R T H B PR 2R 1 A0 % F R BT
b AR TR 30 I AR B A B AR AE IR
TR M A7 X, Aty il i M X 3k R i 45
A1) ST A, ELTE ) A R S AR R B ATLAE K 1
W2 Filil. MEEREEERMFEE, S
1) 55 P B 2 34 00, RS B ) A AR R 4% 2
[ B 5 B TE (1) A~ FE 2RI R ISP e, S E R E]
BARTE S AAT BRI AN -

23 AEEELEMREHEE

HEEL PMMA NG E, BSR40 k)R FE
XoF g L TBCERL PRI S M AL . G0 P 5 43 AR SRR N 1. 2,
3 A1 10 mm B}, +6.2 kV ik i e (B A 54 A ERTE)
EFR, PMMA KJE SR A B kb B AR Y
FULRL T, (HHERME PMMA JEEK
HEITE R . HHE S(a)F S(b)RT AT, e R R AL
AN, LRSS FEILS, HInE R — B A
WHSKE IR A TFIBIE, ok, e R
TEAEAEIER I A AR X 3. X EL ] S(c) Mt 5(d)nT
A, WA GUREE RN, SR I AR AR T B ]
W, A (A BRI/, FIETE AR AR 4G
W, WFEE-EREBERE. Bk, 2ule
B RGE, B2 AR AR Y i, Ak
NAR
24 ETZENAENSGE

“AEEME R PR R KR, MR R A
A0 F 1 PAEUE, XA UG A 22 R
PR €A, 5 T b3 F Al SO AN Al 2R Sk LR
SRR I, IEAR PR R R E AN £ 4y X2k
2%, A B A AL S AT DAV HE i S T () B A
RORR, SRR R E BN . g0 EIE R
FG R SR, ATt — 2D S R A 5 A R
FIEIE R A b, DLtk ERAE EARPERE 1K R
FEBE, DA 70 X B0 23 BT 5 52 R 3R 6 e R
JE R FEEE

WK 6 Frs N —AHAL A BERT G R (%, @
SRR BIE, RO HEIR B BRI R . AR S

10 mm

(b)1.49x10"” Q

(2)2.64x10"* Q

e

10 mm

(¢)1.23x10"° Q (d) 43 X &

K4 ANF)Z i R =R PTRR 4R 1E
Fig.4 Dust figures of PI with the different resistivity

1 0 mm

(2) 1 mm (b) 2 mm

10 mm

(¢)3mm (d) 10 mm

5 AFERZAZFRHR 4

Fig.5 Dust figures of insulation with different thicknesses

(b) b 7 )5
K6 —fHALAPERTE LA

Fig.6 Dust figures before and after binarization

(a) &b ZE A



2666 i LR AR

2023, 49(6)

BRI IBIESME T B [F A TTE “ A SR 7, i
FEAE AR FEIRJA A R TAR o5 B “ iR RE B, Ja ST
R PR A JrE L A Bt (LA MR E A A AR
3 e

3.1 IERMERKOR T RSRERUERF IS E

RAFM TR R E R TR TR
Ve RITE 51 AR Fa FhL i R HL B 3R R4 AT AR 45
o DA RIAR T FLA ) 3 A1 5 P37 5 2 TR 1)
FEAE R AT A BRI, Il (@) fras Aot
FRMETE SIS FTLUEIL, MER
TIEBIESNEAFAE R BRI RS T2, R Aty
A D RIEE T AGMRER T A E T an
T(O)Fr 7R AR BEAT IR, Pl 2060l 2 el P
X IS AL T 4 Py 8 TR P

4 ESD Hu it N (AR A Fik oI TSCHR AR PR
UTR AR, ] AR B IR R, R
KA, T A R T TR R A A R 1A
HUR BTN, RREER TiliE. Fi, HeiEiE
ToT5 ) L AT B A R PR M T, SRR IR
R JE T i R AR 5 5 T IR IE ALY )z 7 D01,
TESMINEIZ MR T, H B8 R e 2] iR A%
FIHRAC,  FHIRP AR AN FL SR A ) 22 AL
BWIE. BCRE LGRS E, EE T
R RS B P O BRI LT iy, e 28T AR E IR B
£,

&l 8 Bz » £t T ESD Mkt v I R R BR A 5
YEGZ AT (E HUBCRE R AT KB R L HE A
SR IATBCHL 3 AN B Ay R B P A AE AT A U
HRLAy DX A PR JBC LR [ R 5 2 - ESD ik
HUE ETHABIEERT, OB ANREMB. BT &
JE AR A R AR R i v, TR ) L L R
BIX, XA KRR . SR
AR ARG AR T I O, FRL S DX PR A7 FL S
THRZHRI IR AEGRTED, BT % TR
HAFAE D BRI TE RS 7, IR EAR SR TSI =
JEHARIOALE, BB 7(b) BRI 1 518 5
f X o IEARAE ik EL AR 2R A T A HRLAHT A
TR T BB T R BCRS  ABRIERR, e
)R A R PE IR T P & AR ELEE I . ESD kit
HL T MDA e B — e B, R T FLAT T JE) S [
U 1T, XA R R AR R BRE, B
EN S [T BT B,

(a) VLI 38 18 B T 3% 1

N SE TR

(b) Vi ¥ 38 1 4 JRe AL Y
K7 AaZph Rl R s & R A

Fig.7 Surface discharge model of insulation

8 1 l
(G| %

L JE/kV
N

|
|
|
| \\
|
|
0 0.2 0.4 0.6
fif [8]/s
B8 IEM I ik T 4 ARl R T e i R

Fig.8 Discharge process on the surface of insulation under

positive ESD

WK 9 iR, @R8N B, HE
XA T =L RN Ev, WIEX IE B FreA s
RN Ese Mk RIR(ER SN, Eat Ev>Es, A2
PASI S A . U i 2 T, JRER
(1T SOPANN [T = I T (R A T R 0
EotE<Es, Bkt g IR (A R EE T B TA 28U )



EAEMS, AEA, ATM, S ARZRRR N IERRE K o R 2R g R R 2667

l%']‘}j_i EE*& E5>Ea+Ev
+ —EBT ,
o — T /
- —@ T /
++++++++ ';'@,tf—*‘ DT
H 59 it
i A A

KO iR
Fig.9 Schematic diagram of back discharge

TR BRIE I, HLIg T A R AR . AR A LI
FIFEF R s s R R R, YRAR IR ) 4ME 3,
WA AR R S AT X B, SRR
R H BT, TR 7(b) A e IE B HL AT X
32 BEMREBREMm

Y L MPRL R TR VE R R Rt 2 32 B 48 2%
PORMERT A i BRI R TR Z  sg U191, 4] 10
9 PI. PMMA L}z PTFE 2 [ i HL (3 VR AT &
R 2 38 18 K B A v = 3 = Bt A A H
R ER . BT I R A 2 R,
A AR B AT IR W 11 AR A A
B S R AILE TR, Hd, REER
0ff, fE (AR EIMBEALER S, KEHEN 1,
EUAGAGRS. BEE, ABE SR
R, R 2 RAFLEMRR TR
RIEL. AT, EP RMEMFERELEMG, N
9.07%; PI Rz, Uil R BECNFME; PTFE %
T R R HA S T 44.48%, Ui HR R A
Gy KB o

SiGE 10 fE 11 aTRARH, ASEREXT A R
R 3 R A KK, (HI
T FE B A AR A H i RO R KT8/, B AR
XA R RO, W E AR, X RAHTH
F1 55 LA S FoL A B R0 1 5 5 B30T o A LR BSOEROK
LA RL R TR 5 B R B A 2022, SRy v R &
PR, BT AT P E N I, R R
22 RIBEAMG . RN, SO ORI, R R
IEHT ARSI, X HIA I S5 VE e, Ui
AR BT KRNI A Redk SR e, KR
2808 o BRI, PL ARy & e 15 i B 2 /N T PMMA.
REMALGIMEZIN T T 2RI, SEHERmM
MIEFA 1R KX A1, 32 BEARILTE R RS AN A .
IR A R AR BR324 A FH R SR IR RS & L i

3.0 50
— REEEEKE
L LR
2.5r o PTFE L4
g ° Pi\/IMA .
S I g B _
m20F e—2 \
lk\ \ TF® ﬁ
fg 1.5F 4} fj
; - - _2
Mook G oo 5 0 4
E : 2
- 0.5F 410

S
S

20 25 30 35 40
FH ST A B AL
K10 KA R R RIE

Fig.10 Streamer characteristic quantities of insulation

=] = (= B
N =TI =6 T
o g
& Hi
& &)
0
0
KEME KEAE
(a) P13 & (b) ¥ &M g
14 )
= 10 =
i b
e ik 5
& &

0
0

KEE
(d) PTFE

K EAE
(c) PMMA

B AR ZAR ) (B R L BT

Fig.11 Binary graph and histogram of insulation

®2 AFGREREREL
Table 2  Streamer development ratio on the surface of

different insulation

MR FR PI EP PMMA PTFE

R R/ 36.67 9.07 37.07 44.48

B HERMGUEAT, FEMBRIMNERS, R
RS FERUR . G RIS PR, AT AR
RULGB™ 2, A I RN R A, FER K
JEti 2 2 RIS . R R AR TR 2 i A
WAL, AEFHIE AU T A FEBR AR i, AR
i AR, R 2 SR 3(0) s MR BT
3.3 REGMRERE AR

2 [H] P PH 26 2 S I 28 2504 ) 2 THT IR 75 1) B 2



2668 e B R 2023, 49(6)
A, BT AR LR A/ 15 A bR T — —pEBEEE 20
RURRIE T A B B RS0, mEl 12 AR _ 3_35'3@ .
[ T FhL L2 P P2 T FEA (i A8 B 38, o 5 | am . i
TR E IH— e ADN ﬁ | /," In 7\5
f()=D,/D, QR z
Ao DURMEREDY O EEmE e P 8 | T T ]
Do AT 1) T3 FEFE ¥
FH P 12 TT, B i I (R T L LR N I I

NERRIIG N, RE I KR K AR BOR AL,
KRR I A A R AR, TR A& 48
HIREE SRR SR EEANAR R4 AR, JEIT— 1k
T L KNt 158 <z I 1] AR n i SURHE R, Hoh T
A7 T FECE BB 2 B AR AR B AN i . nfAl 13
Fizn AR R T F PR PT 2R TR 2R B ) A B &
HEFHE, #£3 hEd A 582 ARE
T PL R REE, BHRRIINE 20s 5
HLT O B L3 T — 1

HLA Y O LR — oA LRI . R A% 3
AV S - B 4 o PLARTHAR SR 1 BT 2 A
ol P wiigth A B =T R S I P T
FE D) A FS R RIS R aEA2 . Rk, mTEL
WIZA AT O R R I S v £ 5. RilH
ATV TV SO G HECRL SR TV SO s 7T
BIRNA

J=E/p, 2
e ps NAEGHRERIIEILAR E NG RIER
T Y 1) B3 5 L

FTLAS Y, R B R AN 1A H 7 9 AR R/
GRAE T I AT IOV AIGE R . [RE, P ARAE & i 15
e, HARME RN T — MR, EYRE
Yy MIEOLT, R BRI SRR,
AT AN T o
34 BEMHIEERNRMm

ik 14 Pos, fE ESD kb ffER T, BEE &
BRGNPk B DL R AR 2 BT
%, FEREEERE] T .

W 15 AR S EE PMMA SRR AR 1 1 — A6
KR ETTE, &4 AARLEMRERTNRE R
JELt. HULFIRL, R AR AR L RE R JE L R N
MG . X 5 I 0 A g s A K1, 42k
ORI T BT T SR . ZBGAPR R RS 2
FEAE AR D] ) B R 55, AT 51 e B Y
fsg N, SBNTERE AP R R, RN

0 5 10 15 20
M58 < I []/s

K12 ARSI PR PT R RAHIE &
Fig.12 Streamer characteristic quantities of PI with different

surface resistivity

wn

25
ER . E
8 15 R
3 e
#e 10 i
& g

0

[t

K KIEAE
(a)2.64x10" Q () 1.49%10" Q

E]

WKEAE
() 1.23x10" Q

K13 AN[E] 21 HBE 2 P AR B R B 7
Fig.13 Binary graph and its histogram of PI with different

—_
W

—
(=

B % A 810t

0

[t

surface resistivity

#* 3 RFZHE A PTARERRE
Table 3 Streamer development ratio of PI with

different surface resistivity

5% 4B [ /s 0 10 20
F 1 HL PR /Q 2.64x104 1.49x1013 1.23x1013
WER /% 42.88 65.25 77.41

I, MR AL SE A Sy R AR R, MG R AE
NG PR, 7E I A B3 E AR S i % 2 4
SRR BRI, R 23 EUR A B R BRI 6
etk A X o SRT, T R AR AR, A5
BRI B AT AUIEE), IR A & EEHTIRE



EAEMS, AEA, ATM, S ARZRRR N IERRE K o R 2R g R R 2669

3.0 50
— RELBELE
PR
2.5F © PTFE 140
g o PMMA
!g\;( 20F ° pa
2 130 ﬁ
fg 1.5¢ i)
pr f =120 *gj
H 1.0F -7 o
= T =
T osth 110
1 L 1 " 1
0 1 2 3 0

J& & /mm
Bl 14 ANE R PMMA 78 R RHIE &

Fig.14 Streamer characteristic quantities of PMMA with dif-

ferent thicknesses

.8
=
gg 6
EI1]
i
& 2
0
0
KEME RKEAE
(a)  mm (b) 2 mm
10
?3 8
86
R4
e 4
& 2
0
0
KEE KEE
(¢) 3 mm (d) 10 mm

K15 AFJEE PMMA ) — {8 & K E T
Fig.15 Binary graph and its histogram of PMMA with differ-

ent thicknesses

®4 AFEEE PMMA FIE R FELL
Table 4 Streamer development ratio of PMMA with different

thicknesses
PMMA J5 & /mm 1 2 3 10
TR B/ % 20.61 25.65 29.25 33.09

BEN SR HAT X, JE5 R A 7 A R S HE
¥, TERCE 4(a)Fl 4(b)rh RFTLEIEIR X 35 o
4

75

o>

1) IR PR KRR B RS 2 AR R T Y
JRFBTIR LG R R DX, BB R o (AR PE AR
o LTS P IR L R AT AT G o SR

FLTE B A HL TR i R i, 1 D R S AR iR
RS, HANER IR BT R, WE
N IX 5 LB RN B ) TR AT (Y I
AR LA X

2) AHXS S HUH B R T HL BE AR AN 2 5 R RE R
HERIE B IORRVERA R, HIXS S
BRI, R B OSBRI A R AR
15, P BTG AR, T i HL B H X3
AT R . SR B A AR, R niR
R AT HOE R, LT IEE KA T4k, H
PR IEAE FEREIE N, R AR R K. ORI R
O = S i e FL TR AT PR IO 3 R R
NI S SR N BN P H A 3 B R A A

S22 Hk References

(1] XBZEP, #HRE, WRM, 5. SFe BRI HLERRER BT
B[] mHERR, 2022, 48(2): 661-673.

DENG Junbo, DONG Junhao, CHEN Junhong, et al. Research ad-
vances in interface insulation characteristics of SFs alternative gases[J].
High Voltage Engineering, 2022, 48(2): 661-673.

21 %= B, EFEE B R, & mERLE S A B T D RERL
PRI FUE L], LR, 2020, 46(7): 2471-2477.

LI Jin, WANG Zehua, CHEN Yun, et al. Research progress on func-
tionally graded materials for high voltage gas insulated transmission
apparatus[J]. High Voltage Engineering, 2020, 46(7): 2471-2477.

31 £ M, SKEASL, 2B, % CaFN/CO2 PR AR BE AT T
NS, SRR, 2022, 48(7): 2635-2641.

WANG Cong, ZHANG Shaoli, TONG Dianjie, et al. Effect of micro
water in C4F7N/CO; on surface flashover characteristics of epoxy res-
in[J]. High Voltage Engineering, 2022, 48(7): 2635-2641.

[4] LIANG Z D, LIN C J, LIANG F W, et al. Designing HVDC GIS/GIL
spacer to suppress charge accumulation[J]. High Voltage, 2022, 7(4):
645-651.

[S1] LICY,FUIJIJ, ZI YL, et al. Insulator surface charge behaviors: from
hazards to functionality[J]. IEEE Electrical Insulation Magazine, 2022,
38(3): 6-14.

(6]  FERBTH. B L T 5 I 56 £ A7 3 THT FL AT (19 SR OB HOxk TR 4 e
FIsZNE[D]. K. K, 2015,

WANG Dibo. Accumulation and decay of surface charge on PTFE
under DC voltage and its influence on flashover[D]. Chongging, China:
Chongqing University, 2015.

[77 LICY, YANG Y, XU G Q, et al. Insulating materials for realising
carbon neutrality: opportunities, remaining issues and challenges[J].
High Voltage, 2022, 7(4): 610-632.

[8] k32, Z3CHk, £ 8, %5 3D FTENR{RAL 10 kV LA T
HAMERELT]. M ERR, 2022, 48(7): 2677-2687.

ZHANG Yucheng, LI Wendong, WANG Chao, et al. Electrical proper-
ties of 3D printed environment-friendly 10 kV support insulators[J].
High Voltage Engineering, 2022, 48(7): 2677-2687.

[97 CHENIJH, LIJ S, DONG J H, et al. Surface forward and backward
discharges and corresponding residual charge accumulation character-
istics under positive impulse[J]. Journal of Applied Physics, 2022,
131(3): 033302.



2670 e B R 2023, 49(6)
[10] MUROOKA Y, TAKADA T, HIDDAKA K. Nanosecond surface 211 ¥ #i, Hhw, BEE, & NIk FESh 42 TR
discharge and charge density evaluation part I: review and experi- FREE[D]. RBOE SRR, 2008, 20(12): 2091-2095.
ments[J]. IEEE Electrical Insulation Magazine, 2001, 17(2): 6-16. YANG Li, TANG Junping, QIU Aici, et al. Surface charge characteris-
[11] GAN Y J, TALEBZADEH A, XU XY, et al. Experimental characteri- tics on insulators in vacuum under nanosecond pulse excitation[J].
zation and modeling of surface discharging for an electrostatic High Power Laser and Particle Beams, 2008, 20(12): 2091-2095.
discharge (ESD) to an LCD display[J]. IEEE Transactions on Electro- [22] SHIZJ,LICY, LEI Z P, et al. Lichtenberg figures presenting electro-
magnetic Compatibility, 2018, 60(1): 96-106. static discharge patterns at different humidity[J]. Journal of Physics D:
[12] # ¥, XER, @Ok B AENENERZREET GIS 484 Applied Physics, 2021, 54(34): 34LTO1.
FETH LI B AT S R BT AL [)]. R 2%, 2020(3): [23] YAMANO Y, KASUGA K, KOBAYASHI S, ET al. Surface flashover
205-212. and charging characteristics on various kinds of alumina under nonu-
XU Yang, LIU Weidong, GAO Wensheng. Research on the influence niform electric field in vacuum[C]//Proceedings of the 20th
factor of the dust figure used for the measurement of the surface International Symposium on Discharges and Electrical Insulation in
charge and electric field distribution of GIS insulator under AC volt- Vacuum. Tours, France: IEEE, 2002: 115-118.
age[J]. Insulators and Surge Arresters, 2020(3): 205-212. [24] R, HELLAh, BREE, & AURESREXN LGN TR R
[13] ##%, T fiF, 3 B, % Hii GIL &% ek %4 JRRF LR A IR AT S )], b E AL TR, 2014, 34(12):
JE R A BB J1 24T O S LRI T FEI]. b B R AL TR AR 1938-1947.
2020, 40(4): 1387-1396. MENG Xiaobo, MEI Hongwei, CHEN Changlong, et al. Experimental
LIANG Ruixue, WANG Jian, HU Qi, et al. Study on kinetic behavior research on influences of air pressure and humidity on characteristics
and adsorption mechanism of the micron metal dust near the ba- of streamer propagation along insulation surfaces[J]. Proceedings of
sin-type insulator in DC GIL[J]. Proceedings of the CSEE, 2020, 40(4): the CSEE, 2014, 34(12): 1938-1947.
1387-1396. [25] CHIBA M, KUMADA A, HIDAKA K. Inception voltage of positive
[14] RAIZER Y P. Gas discharge physics[M]. Berlin, Germany: Springer, streamer and its length on PMMA in air[J]. IEEE Transactions on Die-
1991: 335-338. lectrics and Electrical Insulation, 2002, 9(1): 118-123.
(151 HHed:. AARRM]. Jbat: Bl dikiat, 1983: 345-347.
YANG Jinji. Gas discharge[M]. Beijing, China: Science Press, 1983: FEMCEEES)
345-347. 1983—, 5, M+, Al#E e
[16] ALLEN N L, MIKROPOULOS P N. Streamer propagation along FENFHRRLLGBCE . BE2WSEmT,
insulating surfaces[J]. IEEE Transactions on Dielectrics and Electrical FHE LB T IR A
Insulation, 1999, 6(3): 357-362. E-mail: leizhipeng@163.com
[17] AKYUZ M, GAO L, COORAY YV, et al. Positive streamer discharges
along insulating surfaces[J]. IEEE Transactions on Dielectrics and
Electrical Insulation, 2001, 8(6): 902-910. LEI Zhipeng
[18] ALLEN N L, HASHEM A, RODRIGO H, et al. Streamer develop- Ph.D.
ment on silicone-rubber insulator surfaces[J]. IEE Proceedings - Associate professor
Science, Measurement and Technology, 2004, 151(1): 31-38. Corresponding author
[19] MIKROPOULOS P N. Streamer propagation along room-tempera- B
ture-vulcanised silicon-rubber-coated cylindrical insulators[J]. IET 1996—, B, Bl
Science, Measurement & Techr‘lf)logy, 2008, 2(4):} 87-195. N 5 s 2 5 T B A T s L
[20] V& W, BEOTRE, BRELNG, S5 T X GEER RS R R E R

GIS/GIL #5473 H FAF EANE BT IED]. s THEARZER, 2020,
35(14): 3147-3151.

WANG Feng, LIANG Fangwei, ZHONG Lipeng, et al. Active charge
dissipation method for surface charge on the surface of DC GIS/GIL
insulator based on short-time X-Ray irradiation[J]. Transactions of
China Electrotechnical Society, 2020, 35(14): 3147-3151.

B
E-mail: 15234073440@163.com

SHI Zhijie
ek H 4

2022-05-25 BEIHHE 2022-10-10 i

HIEE




<<
  /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


