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Construction of micro-hole array on polymer insulators
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(Northwest Institute of Nuclear Technology, Xi’an Shaanxi 710024, China)

Abstract: To study the construction method of the surface micro-hole arrays and the effect of lattice
parameters on the surface flashover characteristics of the insulators, a couple of lattices are designed and
constructed by laser spinning carving on cylindrical Poly Methy-Methacrylate(PMMA) insulators. Then,
micro holes with the diameters of 300 um and 200 um are acquired by changing the laser parameters.
Finally, four kinds of micro-hole lattices are obtained by the combination of hole diameters and the lattice
structures. The Scanning Electron Microscopy(SEM) test and 3-D profile analysis of the surface morphology
indicated that the designed arrays are obtained on the lateral surface of the cylindrical PMMA insulators
by laser treatment with the hole diameters of 300 pm, 200 pm and 50 pm in depth. Surface flashover
voltage test shows that construction of micro-hole array on the surface of insulator could enhance the
flashover strength of the insulators efficiently(over 50% flashover voltages increase is obtained in the
experiment); the flashover voltage increases with the decrease of hole scales, but has no obvious
relationship with the array structure.
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Fig.3 Voltage waveform of the test system and the insulator holding system
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Fig.5 Stereo profile of the 200 pm micro-hole arrays on PMMA insulators
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Fig.6 C;; XPS spectra of the original and the laser treated PMMA surfaces
K6 BURKIAIBES C /M SHOCZIME A YL C) s R

2.2 REMFLEES B FINEZMUXLER

4 b dcFL B T T DA 45 R IR AS SR N 7 e, X EERTAL, FEAH TR A BAL ROT S RL S EE R, AR A R
LSRN 45 L T SE A PR — B FEAR R A S FE S R, SR RAL RS B/ B 28 2 1 K B 1R X e Y TN 28 T s
BEWIAE — 3 ROT [ N, FL A N 60 90 T DR 2% 24 J g 4 of B 2005 7 AR ) RO B FL o E S AL AR T, X



336 KMZMESEFEEFR %17 %

26 WL IR 5 AL A HE A O 0006 .

L5 LRTIAR , J  OAE AT HLBE R 2 TR AT 20 B ot heage 02 e
AL W 9 0 7 4 5T L I ) s 0 e £ D 2 A ook 03 tatice-t 03 i
I A7 B 3% 3 4 2% 1 O T - 5% 7 1AL B, AL z <] =
Bt I R, LSO S 3 A AR 2 L e sy
e AR AL, o S T AT DL S R OE 1 20 S 8 A 2 w0
JRARSE 2 98 45 BCPL 1k /0 5 4 0 215 3 B A R T AL 2
R 5 50 A R AS O B B 45 4 . FL A S R A 4 % = AoF
T 05 A 0 B TH VS T DN 4 TR L fE — i A9 FL AR T 2
P, DR 6 LR B T 8 SR Ak L A T A A T 8 oL | ;
ﬁﬁ ﬁl{ :J:L B(J Fi ﬁlj ji it Xﬂ‘ Vq 2% EE‘ H? ?2 [l['ﬁ] iﬁ /J\ ° *ﬁ %E — {i( EE' Fig.7 Flashover voltage ressfiL?;tps1 eotfyg: PMMA insulators with
TR TF BB, W R RS B0 Y L RE % the four micro-hole arrays
7 50 B T 448 2 T 0 Vi T DR % L TR 5 7% T AL 10 g 5 Pl 7 AR BAL RS AT LB R T NSRS

RE A% 4T Wt v 1 32 20 AT 400 46— R 1 35 7 1O TR

PEMIHR TN S TR o X T B GL, R 8OR B BAL s R R AR G s fEM R AR R, FLARBOR v, B
B AEAL AR AT, S SO M2, A TN 25 8 L 3 B K A9 IR AL R 31 A TR 6% 1L TRAR T80/ AL e i
TERA TR B BALRST R, B AL A RE AR, S A S8R ke T AL B 8 5 TR A 50, 5 B2 A
[V, Xk DA 4% B4 i B8 F AR TRD A DA 465 1 A 3 B O DR 4% oL T AN 52 AL I 31 7 XA B2 i

3 it

A ST S YOG e A 22k #5000 AT BRAL A SR, I R G T AR B T AR N 200~
300 pm, TREEN 50 um B9 HERRAL ,, BAL A9 RS 5 B 90 7 2T L3 i 2 1) 00 2 805 1 B Ut A7 iR . ik
BOT HARSY 17 300 pm 55 200 pm, BRSNS 5100 A7 BE S 5 B0RHE B 4 FRBCELEE S EAT AT ST, SRR
WOCHIS 4 FRCLEA KRS — PS5 e, fe i EaRBUOD R N4 i R A R R, LI 3
RERS A AR THN 2 I, HLAR THECR BERCL 00 EAR BRI K . BR T HOWLBER BAR, HBETE i oK it Sk
AT P ALAG SRS IR 2% OS2 W AF 5, B /IS A RCFL S BRAS h IR X o 300 A % 5 PRS2 A I R At b 5 1A TR 4R 114 Ak BT
Be, feR BB ROR M BLI ST, 3k — 28 3R TR RO S04 SR 2 J0O0T 46 2 1 IR 2% v T A9 52 T LA

S E Xk

[ 1] MILLER H C. Flashover of insulators in vacuum:the last twenty years[J]. IEEE Transactions on Dielectrics & Electrical
Insulation, 2016,22(6):3641-3657. DOI:10.1109/TDEI.2015.004702.

[2] LIS,NIE Y,MIN D,et al. Research progress on vacuum surface flashover of solid dielectrics[J]. Transactions of China
Electrotechnical Society, 2017,32(8):1-9.

[3] SHAO T,YANG W,ZHANG C,et al. Enhanced surface flashover strength in vacuum of polymethyl methacrylate by surface
modification using atmospheric-pressure dielectric barrier discharge[J]. Applied Physics Letters, 2014,105(7):71607.
DOI:10.1063/1.4893884.

[4] CAILWANG J,CHENG G,et al. Simulation of multipactor on the rectangular grooved dielectric surface[J]. Physics of
Plasmas, 2015,22(11):2120. DOI:10.1063/1.4935385.

[5] CHANG C,HUANG H J,LIU G Z,et al. The effect of grooved surface on dielectric multipactor[J]. Journal of Applied Physics,
2009,105(12):123305. DOI1:10.1063/1.3153947.

[6] SAMPAYAN S E,VITELLO P A,LKROGH M L,et al. Multilayer high gradient insulator technology[J]. IEEE Transactions on
Dielectrics & Electrical Insulation, 2002,7(3):334-339. DOI:10.1109/94.848910.

[7]1 ANDERSON R A,BRAINARD J P. Mechanism of pulsed surface flashover involving electron-stimulated desorption[]].
Journal of Applied Physics, 1980,51(3):1414-1421. DOI:10.1063/1.327839.

[8] CHENG G,CAI D,HONG Z,et al. Variation in time lags of vacuum surface flashover utilizing a periodically grooved
dielectric[J]. IEEE Transactions on Dielectrics & Electrical Insulation. 2013,20(5):1942-1950. DOI:10.1109/TDEI.2013.
6633728.



%2 M BimE. BREMAZTREMILEIIAEH 337

[ 91 BBHE,E 2. 5 [0 A8 3R IOHDRE E X AT ML 3 38 b4 ) B 25 WS T DN 2 AR PRS2 ) ] Fl R BOR, 2015,41(2):474-478.
(LANG Yan,WANG Yibo,SU Guoqiang,et al. Influence of surface roughness on vacuum flashover characteristics of PMMA[J].
High Voltage Engineering, 2015,41(2):474-478.) DOI1:10.13336/j.1003-6520.

[10] HUO Y,LIU W,KE C,et al. Sharp improvement of flashover strength from composite micro-textured surfaces|[]J]. Journal of
Applied Physics, 2017,122(11):115105. DOI1:10.1063/1.4991934.

[11] ZHANG Y,LI S,CHEN G,et al. Experimental observation and simulation of keyhole dynamics during laser drilling[J].
Optics & Laser Technology, 2013,48(6):405-414. DOI:10.1016/j.optlastec.2012.10.039.

[12] SEBASTIANI M,EBERL C,BEMPORAD E_ et al. Depth-resolved residual stress analysis of thin coatings by a new FIB—
DIC method[J]. Materials Science & Engineering A, 2011,528(27):7901-7908. DOI:10.1016/j.msea.2011.07.001.

[13] AHN S H,SHI H R,CHOI D K,et al. Electro-chemical micro drilling using ultra short pulses[]J]. Precision Engineering,
2004,28(2):129-134. DOI:10.1016/j.precisioneng.2003.07.004.

[14] KAI E,MIZUTANI K. Micro-drilling of monocrystalline silicon using a cutting tool[J]. Precision Engineering, 2002,26(3):
263-268. DOI:10.1016/S0141-6359(01)00113-1.

EE/ A
EHM(1992-), B, MEALEREAN, XL IT(1973-), B, WAARKEHT A,
+, BFREI R, FEMR T M ANESHE . +, B, TEHRITEMNES THEE
A W) H 25 4 2k R email: 18209287265@163. . BEYRA . BEYYg LG R
com.

WER(1981-), B, W& HFH A,
+, R 0, EEMR TN EEY R
& B THLE AR

B #0976, o, hERER WA, Mg, @
B, EEREST 6 TR S 4 T AR THRR986-), %, WA SRILmA,
PR AT T A, B ERAT T B, EE T TT
HRL R OB AN L MR TT AR

(3258 326 D)

[14] KOO J,WANG K,RUBY R,et al. A 350 uW 2 GHz FBAR transformer coupled Colpitts oscillator with close-in phase noise
reduction[C]// IEEE Custom Integrated Circuit Conference. Austin,TX,USA:IEEE, 2017:1-4.
[15] WERNER D H,JIANG Z H. Ultra Low-Power MEMS-Based Radios for WBAN[M]. [S.1.]:Wiley—IEEE Press, 2016.

EE® -

BRIRME(1992-), J5, MaHmMl A, BmEGR(1970-), F, WAL HREEHT AN,
R IEAE, BBWFIE 5 10 Sk 45400 5 41 4 +, BIWFSY G, FBEWFIE 5 1a) AR AL 5 A4
A H, % .email: 511800757 @qg.com. R, %

BE(1993-), %, HMHEILEAA, 7
BRI A BRI T ] 0L/ 0
FEERA(1992-), B, JUARA WA, fE B8 B oY HL
e, BRSO I RO R A A R s

%M (1970-), B, WA, #L, WF
BOE(1958-), B, WA KA, A, B, G, EEMR R F oS 4 R
FEFHFST Iy i A TR B A 11 8 T T o e B R A TGRS AL AR AR 5 SoC BT

\an



