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Peak Phenomena in DC Current Waveform with a Repetitive Step
Voltage Method in Silicone Fluid

1. UMETSU* and K. ASANO*
(Received February 22, 1982)

When the polarity of the applied voltage is reversed, the secondary peak appears in the
current wave form. From the characteristics of the peak, an important information can be
drawn. In order to characterize the relation between secondary peak in current wave form and
mobility of migrated ions in silicone fluid (dimethyl-siloxanes), a repetitive step voltage mothod
is examined under various electric field, temperature and the electrode distance. From our ex-
periment, it is shown that the secondary peak seems to approach a certain value after several
time repetitions and depends on the field strength, the interval time, temperature, and the
electrode distance. As the apparent mobility of the charge which is estimated from this peak
depends on several parameters, it doesn’t seem to represent an intrinsic mobility of charge.
These results suggest that the quantity of space charge which becomes large with the increase
of the electrode distance affects the apparent mobility of migrated ions.
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Fig. 1 Schematic diagram of experimental appa-
ratus.
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Fig. 5 Time dependence of current wave form

under various electric field.
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Fig. 6 Time dependence of current wave form under various temperature.




EMEREEO ¥ -2 B8 (M - RY)

x:=8°C
220um (“’-‘,g‘%
Al

T

. 3
% 9650um (" 18°C

o; 28°C
AN

o: 79°C

T T

tps(s)
d -,

T T

TETERRTTY I
0 102 10°
E (kV/m)

Lot el Lol

o )
1 ()1

B 7 tp OFEFHME ts OBIKE
Fig. 7 Relation between electric field and #y
which is a steady state value of zp.

10

E
E 400 um
i 76°C  ,20°C
10 -16°C
::2 E
19 :
:5 be
1
ld' o vl Lyl
10 102 10°
E(kV/im)

® 8 I, DEHEME Is OBRRMKEM:

Fig. 8 Relation between electric field and Ips
which is a steady state value of Ip.

v 7Rk 400 pm DBETRTERED I 51 h, Ips
<Ef DRFEEBZZENTES. ki, F+v 7EN
220, 960 pm DOBEE, FETHEREYTRL TV 50T
HIELTHAS., a, f LIRF vy 7ERIVEEOH
FligoTRY, ThoOBRRPRTEREIDOL I
5.
PEDHER LY, TOoMMEERT5EKkD X 510l

1) Ips ER, REIEL LBEHBATS
2) tps WER, REIEBLIbEELITS

381 (35)

E1 F¥ v v 7REICBEERCSTS a, 8
Table 1 « and g under various electrode distance
and temperature.

Elecérig?:nce Temperature @ 8
(pm) °C
—~8 1.13 1.28
220 19 1.09 1.18
76 0.94 1.01
—16 1.23 1.31
400 21 1.10 1.07
76 1.01 1.01
—18 1.52 1.35
960 28 1.29 1.26
79 1.26 1.08
L 10x10°m¥s
@
3
= or
1§’

1 1 [ ] ] 1 i
28 30 32 34 36 38 40
UT(x16°K")

B9 HMHRE y & 1/T OBEF%
Fig. 9 Relation between viscosity » and 1/7.

(3) Ips, tps \XEMBMEIEMENS AR IeB LA T 5

@) o B XEEMEMAKE B EHMRTS

(6) @, B ILREMIMEL B EWATS

3.3 HMAMOEEREE

—iR, BRI\ TRk (REL & BENE O M,
VAT vOBERDREDILON, ThbDMGEERS 5
DI, Hitk B OREREN: > BIRHEI K B 5 % B
W, JIS BB RE S CHIE Lic, RIQIIKMEGRE » ©
BEREEL GRS 7 7R L0 THS. MID

—E o

- -

M z

&

K &

=]
R 1 (&
TIME

v

a) Model b) Time dependence of current

X 10 BEMRBELEE TV

Fig. 10 Idealized electrical conduction model.




382 (36) MBS H6% H68 (1982)
10 10 = )
F 220 um £ 400um ‘Oé 960um &
C . N 0 L 79’°C/0/V;/°/
i 76°C [ -g—8~e—o % 95°C [ e /OA:C‘/A/
7t ———e—go—0—p— — L ~ L 56°C/0/0A/
£ G o ooToC G W
EE 19°C EIE T o 3 o
> [ —0—0—0— % E . e F et
% s = [ . -16°C k=T x” -18°C
3 [ —A,—-AP‘A"A/A}_BC % C et :(i L e
]()‘ ool v el o o aernl Lo 1l q IR N EET! Loty
10 10° i0° 035 107 10° mm 1& 1&
E(kV/m) E(kV/m) E(kV/im)
a) d=220 pm b) d=400 pm ¢) d=960 pm
B 11 BRhrdoBBiE ¢ OBIKEE
Fig. 11 Dependence of apparent mobility x# on electric field.
log 7 & 1T GEHBFRCHY, TOEX2 IR 10
BOEEt=FrFERDDL 0.12eV 755, c ﬁﬂﬁ%“
4, & = - i
et
BT ©— 7 HIAKE X VBT 2 TES, £<0 Eal 980 um
NIE LD BRT R LRI ORI, 0B 2t oo
PRI T DX 57 b D THB. 2L 220um
Bl e L LT 106@) KRT X 9 I PSR A I
DA F VBTELIYE, COBRMESFFICHE, 16' \

FRE L LBRANL LOBREALASZ Latln L FET
g, FoL xOBEEEL

v=pE=p-V/d (1)
Thr b, —EREOHE, BEM OB ERE T
%,

: T=d/v (2)

ThE2 bhBb, ThbOREHLAELESLT LITL
b ‘

p=d*/T-V (3)

LRDBEENTES, LTAN, ZOTTATHIZ
RAHEHBRIL, K 100) CRTE 50T
sl S X ) e — 7 BEgEbhic., #i
W AE, €2 WM SEEE, (4 vOBBEELR
BHRUE T BV ERRLTWS. X 10@) Xb
Ly LR e F v TH2 Ty, ©— 7 HBRHEE
BHEE & R EBETHEOON 5 & LIRA S Tz
DD X 5 e BERER T, ©— 7 MBI B3R
DIBEIER, AROBHELRT SO TR, L
L, BEEYELTHERERBZ L, VWEETORR
POHERERT B DT, KBTI, —Ib
BrdoBBEL LT ChM RS e ds

B 11 7 O fps BAVT(3)R X D RO RAT
OBEE L OBREKELEY, £F vv FTROECREY

1 1 1 1 1
2:8 30 32 34 36 38 40
UT(x10°K™)

® 12 RdoBmE x & /T OBRR
Fig. 12 Relation between apparent mobility x and
1/T.

R5 A= ELUTCHRE Y7 7R LICLDOTHD. &
DED Db T ik, ¥+ v 7EN 960 pm OBE,
pOBREEMIKREVD, Frvy 7TRIWPILIRDBIC
SN TEDEEEL LEWNZ L o T BT ETH
5. pé T oBfRIE, X 12 ©RIATHS. &0
BEHBEBRL D F v v FEH 220, 400 ¥ L UF 960 pm 1T
BB RAMFOBBEOFEN AL F AV FERD B &
0.174, 0.183, 0.141eV Xk /¢ 5. ZhbHoOfHik, 3T
CAEINTWBERCENSDTH B,
7T VARY, HRRE BBEORI—ETH AT
LR LT\WAD, EEOWHK TR OERANLEE R
BRGIRIE LS 7oL, Adamczewski B30 X5 &
mm=C (4)
m=Eu/Ey (5)
k2L, 7 RiEERE, C:EH, E.: BEEOEML
=FAF, By fiERB OB =3 A F
LR W EELIT. £ TR, KRB
bR AT oBEIE S X O RE O Ek =% v ¥




ERBREE O ¢ - 2 B4 5k - B5)

ERALTHBE, mOEIIF +v 7RI > TR »
FefERR L, 220, 400 3 X 0% 960 pm X LERFh,
1.43, 1.51, 1.16- & RDBIB. hiZd Tk, Fvv
TEE m LOBEFRN, Bo XD ERRINTE LT,
LLA m OEEF vy 7RICHE DRE LI EE L
BRETHADH. LHABE, -+ pm &5 IEERA
BnWF v S TRD m 28, 1.3 THBHZ L ERL
e, EoZ LR F vy TREFEENIZEAL R E W

SEHNC I B THAH S, D 1.3~1.4 L\WHEIL, B
R L B% v ) 7TBEHOFEML=R A FH, TEORMY:
DIEIE=F L F LD RKRENT LERTLIOTC, 2hk
D, F+ V)7 ELTCRYA F v REOREREST
HEOIFTCELR—F r VEEENHEE I RS,

ZheDF ¢ V7%, BEAME & CEBRTHEIC A
A—=77v &h, ¥—7BRO &R TRMEENY
R BEELLRDHN, 0 — 7 MBI b i
SHLEADBTOBBE s, WLl i, Fvyv 7
BREELTWS. 20z &2 BIREOEHMENR O ME
LLTELTARS.

Zein B L, Foy v TENKELSRBCONTEN
DR TBEEE LT, 14 VOEEDREYE 2 Tu
B. Tiobhb, BERERLHEAT R ORIEA + vOif
WEXHENL, BRERECAA—77 9 b 8RICIEA A
VIC X BZEHEERIL, BEREETOBRAOERYHH
L, Blisb0OBTORARIGET 5. TOMRRE L L
T, BESHATHEFHBL OB, K5 ORI, &
DB THFHTHLOEEL .

v — 7 R RO BR KA, Kb elifcrsh
TWBD, FREFELDONRRT THSD. ThhrbR
DR OBTEOBAMEFEED, K 11 KKRTL5
CF¥ry TREI-THERE-TL B, Tinhbb, 220
pm OIEHEWY » v TROBPEIL, BRI DEK
BTN VLORE L, 960 pm Tkl kXL o
T3,

DT LD, ZEERHOAY, RrdoBEED
WINCBIRT A LML CH LE LI THD. thbo
BARA MBI RD 5 & LT v, DUTREEE
WICE DN TEET 5.

BEIEAY L L LCERRIT
j=pp E+p_p E (6)
LELERE., 2T, pr BEDOF v V 7 BE, o-

ADF » Y THEE, i, p- RThThOBHETH
B, TOREETB pIL, —RICIZBERLEMEEORE
BTHHEMES D22, BFE, ¥+ ) TEHEOHE
ELTOBREVIFHRCM I Fbh 5. (3)AD
B oBBER, coXdhiiftcl vRdbiboT

383 (37)

Hoh, TOEBRERO LY, BRHEERFEIRE
RIBECIR B EEZ B LD, LLAp OMKT
HBHELT

J=pip(p) E+p-p-(p)E (7)
EELTERIVRELRTHAY. ORI CcEHT
7o ik

j=p 1y E+p rep E (8)

Lirh, T, My, Mt Ty, P BEREELS.

35 —o0ELH, BRI, FV 7 EROKXTER
{, BEERSRIrTOBBECHELRIETLEIFE
27T, [GEEBERSGTBCAVCLRTWBELSFT
bbb EDXdIEZ T THE, ERERCEEIRD
FU 7 BICIBERC L 29RO HTHZ LT
BThs.

B WO BESGEEILOWT, EFAR L AHELE
B OBGED W o0 fTlshbhTwaR, kst
FANE DHEOHEHXE LS EbL T30, Hi
HIfRHT & EBASRORIGTabh 5 % T, Wihy
ELWERETHZ ERTERL. VY 7 OADER
W LT, Zahn HOREDNH B, FERc X
BRERR % TRILE o Tt

5 ¢ ¥ U

BIEBMEREHRC BT 5 €— 7 S5k L OBBIE K
ETBEREO EEH, RE, BARR L OESHER
Tt ¥ ORBEC O THERET R » . AR cCHE LR
TR A U TREHT 5.

1) ¥—7 R, EEREOREER X v %1k

L, HHEEECECIETNRERSRE LS.

(2) ¥—7H53, BROBECHEIRLVY, &
e iz oD SR AR 5.

(8) v—7EwHL, WE, TRk X ORBME K
#T5.

@) €—rHBERE»OEB LCRATOBHEOCRE
Ak L ORESELRD, bk RRORER
LB L. ThOLORRLE VAT VAIX D, +
Y VT, R4 A vOR—Fw VBETHB L
HwmIhs.

(5) ZeMEMOIEAL, RTOBEE NS
LTWa.

Sth, BEMEREIBT pm BEON I WBE, ¥

TIERHERE AV S o TR R v T
moT, ¥+ ) T7TOUEEHEELICWEEL TV,

o, ERCH DL TOn Wi BB e 0w
HECERCRHOBYETS. ¥, L LTDYY




384 (38)

BRIFEE

S sl L ET 5.

)]
2)
3)
4)
5)

6)

2 £ X B

FKHEIEZ, BRINE : BEEXMRE 79 (1959) 843
R BEARTIPIGe®E, 647 (1965) 27
FErLHE=, BXARE  BERFERWMGE A, 95 (1975)
372

gt B, RENE  BBRIFAW A 0L 80, p.
159, ¥EBRFS (1980)

TS, AfGEik, bE % BREaibadepe
&%k EIM-81-74 (1981)

Mg B, TS, KF#EIk, kW 5 : BTSSR
BRBEREXRE S ME S KM ERCE, p.124

®ox
a— VIR RE S ok b — Ve v ) m— vikRAiE

65 (1982)

7
8)
9)
10)
1)
12)

13)

(1980)

R.M. Hakim, R.G. Olivier and H. St-Onge:
IEEE Trans. Electr. Insul., EI-12 (1977) 360
WE B, RFNE  IH6EESESeBEASHER
SctE(4), p.375, EAHES (1981)

EHBEE, W B, RITPRME : EAS6ER BRI R
RFICTIESKRXFEFEROCE, p.49 (1981)

I. Adameczewski : Jonization, Conductivity and
Breakdown in Dielectric Liquids, p.192, Taylor
and Francis, London (1969)

EHEER, EH O BRFRRGEA, 99 (1979) 535
M.E. Zein Eldine, A.A. Zaky, R. Hawley and
M.C. Cullingford : Proc. IEE, 112 (1965) 580

M. Zahn, S.C. Pao and C.F. Tsang:J. Elec-
trostat., 2 (1976) 59




