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Observation of Surface Discharge Phenomena on Polymeric Materials
under Low Pressure using Pockels effect and LED light source
Yohei Komiyma*, Hiroaki Miyake, Tatsuo Takada, Yasuhiro Tanaka (Tokyo City University)

We have developed a surface discharging measurement system, using Pockels effect. Pockels effect is a kind of electro-optic

effect. It is the Pockels effect that The Phase shift of polarized light is proportional to applied electric filed on the Pockels device.

When the light which is produced by LED or LD propagate in the Pockels device, each of the two components travels at different

velocities which depend on the refractive index of each component. After passing through the Pockels device, a phase shift occurs

between the two components. This results in an elliptical polarization of the emerging beam. The degree of the phase shift and the

ellipticity depend on the electric field being applied to the Pockels device. We observed charging distributions on BSO (Pockels

crystal) and several polymeric materials using the Pockels measurement system which is described above. When that

experimental ware carried out with the conditions which are as follows, Applied sine wave voltage (VP=5 kV, =20 Hz) to

produce discharge. The around pressure of the system is controlled the range from 101 kPa (air atmosphere) to21 kPa. From those

experiment results, we found few characteristics which are as follows, Streamer length and width are grown. Streamer shape

depends on the ionization energy of each material. In the negative charging area, the streamer grown direction is inflected..
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Fig. 1. Surface electric potential distribution of

electro-ontical measurement svstem.
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Fig. 2 Compact surface discharge measurement system

under low pressure conditions

3) EB/LHEIZXB SN EEomE X 1(b) O L—HN
AL, SN b LS5 - OMEEROE (G e »~ o
A ETH>TCND, T OMBO =D ITA L Rz 2 A &
NTWeDT, EBRENEE LIEEORERILIZ 7N - T
W, 22T, M 1) FE IR TR, BT — % Ot
B A 22 T A I R S O AR JE B 7 ¢ v Z — (LPF) & 42/
R B -2 38 ORI IS 351 X 2 B AL 2 17\
SIN (b A& X -7z,
4 ERERS L%@&E%ﬁé_&’;@ VR EPz2
Ae(x,y){E'JH”t%@/J\’*”ﬂ:?))EI Loz, K2 1THiW X
T, BT RCE O G BLAIEE E iﬁmfﬁ%@?&J»%
E%?"ﬂ? > 3—(170 mm*170 mmx180 mm)IZ A S 20T
%, KJEOHIFEFIERKEE(101 kPa)h 5 0.1 JE(11 kPa)
Th b,
5) WEBREORZBAEE o TH 5 BSOcell
OfEIEIT. BSO B dH(20 mmx20 mmx0.2 mm)® T il
BK7(25 mmx25 mmx1 mm)% [V A8 THisE L, BK7 ©
[HARIC ITO BEREMZIE L, #EHIE W5, 20
moﬁ#m%ﬁiti%@i BWEEDF 7 4V LFE
i O FAC$HEM A E L C IR & B (e KRR 5 KV,
JE % 20 Hz) % 1 AR U CYR T i O 8L 447 - 7=,
6) WEHHBBOBAES  FOLAMHELZRF- THHEL
RIE, Ty =2 Rt TEEBEL, N A=Y
T AT AT MHVCO) Tk I L5, HVC IE 2 Koo H 4
(256x240 pixel) % 1000 fps Thi L7z aték L7=, HVC IZ
X A \BEHFIIL 7.9 mmx8.5 mm TH D, ZO HVC & F
DT kD, 2 Wt o EIC X B 3w EAL Y A
V(x,y) DRI AL A 1msec O BFRRE TOBLRA FHETH
%o BUEOBRE TIX. WA ZE A & RN V ITKIE
TETHROOT, BUHAEFILm AR ZE AB[rad] DK & =
ERL TS,

3. BAFHRBALDOLERE
3.1 EEURROEKRETORAEARE
X 3 X REJIE(101 kPa) FIZHUW\NTC, IEMM: B AR IE %0 &

208
This document is provided by JAXA.



BTl TRHEREE Y VAR Y T A REEG SR

T2 S50 7 4 v BIZEIIN U 72 R 0D ¥ i ik o oo LI i
%BCTHDH, EffIL 1 msec MICFEEELTEY 1 AHT 50
B A e L TV 5, FRE, BEAMOREE L E DK
KAE(p=n/2)PD 13 msec, FEZ 1 A(¢p=n)D 25 msec, Fix KAH
(¢=3n/2)? 37 msec 72 E DB AWM 2R L TWD, 72,
ZIE AKX ()23 PI(Kapton®™), (b) PET, (c) PVDF, (d) LDPE
EToWMERBRETHD, T LT, K4 T NREERBNO
ST E REJE L VT L7261 kPa(0.6 KJE)ICFHEI L7- & &
DFERTH 5,

1 EXN)—<DRAELER IEARVEEE 2 FHIN L
TR AET DR ElL, $HEm A LIRS IEX

M) —~ETHDH, EA NI —<FELx D 1 RKPMT L
THERL TS, 2k, A 7OV R EERNO I ACE
DR THRIC, WHEHRDO b T =255 ) eT o ~L
THE(ETIFFT AR T 0 X IE)THONDIEA MY —<ik

BONRE = LR L TH DH[5][6].

EA N =< ORELHERITROLIIZEZ LN TWD
Eﬁﬁ@ﬁ%@%m:%%ﬁﬁ%é#é&\%@ﬁ%ﬁﬁ
FELTW-E B CME S AL, SR IZ S
mo%@@ﬁfﬁ%imw P LML L EAIDEF SR
(TNRFrya)iEERIT, Zhn, EXAR—<D3
EThD,

ANIFELTZIEA N U —~ ki ”;';”T‘?ﬁﬂ%fb -
D IEEAM QST C mE S (EEMIC K 2B L FnE
ROEE) BRETDH, E>T, %@ﬁ& FEL TV D

wFEIEL, TS L BREMOT NT v B R
MFERIciE 29, 2o, BEIXIEA M) —< im0

Frame Number,
13 2 37 50

/ 02 —015 lll 005 0 005 Ol Oli 02 [rad]

Phase difference A0

0 10 20 30 40 50
time [ms]

applied voltage [kV]
=

(d) LDPE

Fig. 3. Surface discharge pattern under a cycle voltage application of

positive start sine wave in atmospheric pressure.
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Fig. 4. Surface discharge pattern under a cycle voltage application of

positive start sine wave in low pressure.

This document is provided by JAXA.



FHIMTZEOT TP SR R B JAXA-SP-10-013

FHANTEZIRT 2 HMICBH LT 2D, FOREER, E
A NY =< DIERIEA > TERESh D,

3 EXMI—~EERBROBSTFHEOKRE %
3(a),(b)F L UK 4(a),(b)ITZALZA PLIB L NPET ETO K
SIETH L 61 kPa(0.6 L) FCTOBMPERTH S, PI

BIXOPET ETOER M —<13 | AEITHSE U THE L,

ENENPEICE Sy i E LR LHERL TS, 20
FFEUIREIC X DK <. KEREFB X OEE N T
DIEA MU —< [ XEMROERE T 5, —FH., X 3(c),(d)
BELUE 4(c),(d)iF#NZE4 PVDF 3 L O'LDPE EOKRAE
T X U6l kPa(0.6 L) F COBBPFERTH D, PVDF B
FOVLDPE ETOER b U —=<i I AFOMIZL ., EARA
WCHEPRICER L TWD, ZoRMb £-5AEICRET S
Z N, KRAET B L OWET CRBRORHEZ =T,
4 ABWIIBPEXRN)—~<oHf K3BLUOK4
D¢=n(25 msec)DT —XIIRSND X H 2, HIIL - E
BN IED AT 2R T, EA Y —<®
BEEMIABMICL VPR LZBREZRZL TS, Z0
BB AT LB & I RO Th 5, ZoFTn
IS B L RICE X TR o7, MK LLAT O
KBRS T2 IEMPED & IR BENEE T D, Z
O BERECRERY IR S A & EERIE I & O R OB S IR S,
B DB BB LTS, ZORE, Z0FE
TR EEMA R LTS, £72, K 34 ©
$=3/2n(37 msec) DT —H IR INDH L I T, BEBTAMIZE
LR HES, AR A RO RO/ LTV D Z &
DR TE D, ZOAMESMAEBIIBEC S &+ 0

Frame Number
13 25 37 50

T T T T T
02 -0.15 -0.1 -0.05 0 005 0.1 015 02 [rad]

Phase difference A0

applied voltage [kV]
(lll = wn

(c) PVDF

(d) LDPE
Fig. 5. Surface discharge pattern under a cycle voltage application of

negative start sine wave in atmospheric pressure.
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negative start sine wave in low pressure.
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Figure 7. Energy structure of each sample
Table 1. Energy structure of each sample
electron ionization | band gap
sample .
affinity energy energy
Pl 3.58 5.9 232
PET 2.88 6.98 4.1
PVDF -0.53 8.69 9.22
LDPE -2.37 7.29 9.66
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