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Electromagnetic Noise generated by Spark Discharge
— Dependence of Spark Current and Induced Voltage on Sparking Voltage —*

by Hajime TomITA**

Abstract: Recently, electronic equipment, such as industrial robot, is commonly used for enhance-
ment of productivity and reduction of labor. Semiconductor devices used for those equipment are
susceptible to electromagnetic noise because signal level and current are severalvolts and mA, re-
spectively. Among many electromagnetic noise sources, electric discharge which is generated, for
example, due to surge is considered to be one of the main noise sources. Spark discharge, which has -
a significant influence on electronic equipment, occurs at the beginning of electric discharge as a
transition phenomenon. Before the occurrence of spark discharge, an electric dipole is formed at a
discharging point and the neutralization of the charge occurs through the spark discharge thereafter.
But this spark discharge phenomenon is not fully understood because conventional current sensors
are not available without disturbing the spark discharge generated in the air.

In this report, one method for measuring spark current generated by the spark discharge for
neutralization of the charge was proposed by devising the grounding of a discharging part. Spark
discharge of static electricity charged on a metal object was used to simplify electric discharge.
Dependence of spark current and voltage induced by magnetic field due to the spark discharge on
sparking voltage was measured to understand the fundamental characteristics of electromagnetic
noise generated by the spark discharge. As the result, the peak and maximum time change of spark
current due to the spark discharge decreased with sparking voltage. Voltage induced on a load
of a loop antenna due to the spark discharge decreased with discharging gap length and almost
coincided with that calculated by measured spark current. One reason for the difference of strength
of electromagnetic noise generated between when a charged matter and a grounded matter are fixed
and when a charged matter approaches a grounded matter after charging with the same potential
as the former one was considered by paying attenttion to discharging gap length.
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Fig. 1  Discharging electrodes.
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Table 1 Dependence of the capacitance of discharging
electrodes on discharging gap length.
HEEBOBRERE

Discharging | Measured Calculated (pF)
gap length With Without
(mm) (pF) sphere sphere
0.2 6.35 6.92 6.74
0.7 4.38 4.92 4.85
1.2 3.25 — 3.86
2.35 2.18 2.77 2.76
' 30mm ¢ '
O.8mn3 e 3
V.
4mm ¢

Fig. 3 A model of discharging electrodes for finite
element method.
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Fig. 4 Equipotential distribution between discharging
electrodes (discharging gap length=2.35 mm).
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Fig. 5 Spark current wave forms.
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Table 2 Dependence of sparking voltage on discharging

gap length.

KTEREDHES vy TREAHY

Discharging gap Sparking voltage (kV)
length (mm) Measured  Calculated

0.2 + 1.5 1.59

— —1.5 ~1.59
0.7 + 3.7 3.75

- —3.6 —-3.75
1.2 + 5.5 5.58

- —5.6 —5.58
2.35 + 9.2 9.41

— —9.5 -9.41
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Fig. 11 Relation between induced voltage due to spark

and discharging gap length.
REREBICL 2BEEFEHEX vv 7ROBERF

FERL NIRRT sEHRE  NIIS-RR-98 (1999)

2P0, 0)

__>,
N
<

\l%

Fig. 12 Electric dipole model.
BRIAFK—LEFNL

FIS, =TT TR T AR L - TER
FEINLELRFEEA V572 v, IBITPEY I
INzhk &b, REEICEINTTrFF 77
78 EFHET AL, Fig. 101283 L)1, XA —7—
DREMICIEE LT, B 1~500 MHz Tl3fick
2.7dB DEWH 72,
RERCHFEI N 2BEZ 10 [BRIE L 72 P 0 ik
Zz Fig. 11 1Z73Y, €O#RIL, BKEX vy 7 RIHLH
5L ELITHFEEEMBET LA, 4B, 2k
MR L BREMR & 25T 2880 5 BiRL v 2]
DL T, SEEOER CHEMAIER - EREMROE 25
L, o, HMAIEROBY TS5 N72EE 3 mm
DT 7 VNI E ) TEOEGE S & BREL —)L FMT
WeAE L7z, Fig. 11 WEHER %, Fig. 5 ITRTHIE
LB EER»SOBIEIC L > TR FHBEETE (K
) BT 5, £9, KEHS % Fig. 121
RTWANLERIA RN ELTEFTMLTE, 2D
EXSTAR—NVDERE i(t) £ T 5 &, MEEERIC
L - THEELE P(r, 0, ¢) BT 2R DIF DKL

FRRNEe% b, 72, RO r, 0FFKSIZ0 &
b,

H, = (£sin(0)/4m)

. 2 : (6)
it =r/e)/r* + (1)er)Oi(t — r/c) /O]

ZZT, clItEEL2FET,
N (6) DHMRDFET, EAIA R—NDER (2F
DERE DD, BIRIIEREMRE, EMAIERICHENL
THWTHEBETH LD, ZITRREX vy 7TEIOT
mm DRFICEERTE & MEREREI—HT 5 L5 1, RE
e S Bk & A EfRO MRS 2 mm 2440 L
ToR3E LU, BRI, REX vy 702,
0.7,1.2, 235 mm IZBIT B3 (6) TH Licid, FhFh
3.0, 3.5, 4.0, 5.15 mm Z W2, L —FF 5k



KIEREIZ & 28/ A ADFERL

BINLBEEBROELSH LT, V=TT 7F+nD
FLOETOMREEELT T FOHEBEDIEICL T
K7z, TS L BEMERERE D Fig. 11 12 SR TR
U7z BHECSEHLE, IJTWEME —FLER %Y,
BRI TOREERY Fig. 1 DBIERTIRL 5T W
BLDEEZ LND,

33 £ =B

KTEREBRRICEDERH/ A XI2HonwTE, E0FH
BEREICL A —VEREEFERR L LRERRITMZ T,
BBEEDOKBIZLI>TLIREL TS, FCHERD
KBTI, HEWEI D DEEZ D - THEMRICEL
TBHEEICESRET D, COBDORERRIT, #ik
L7z comEIcm LT, BETLE /[ X
DRI A T b NVDTRRIBIC % B 7 £ DORHEDIIRE
ENTWBEO), 22T, 22T, BELEBEDK
PR MR ICEET 5 & BITRAET A KIEKEIC
DTS 5,

29, EROFHILELCRECHOREERRLBHT 5
7o, BEREF2E8KV EL, KIERBEZBEHBT 5K
EX vy 7ERCHEEMERTEE L, 20LEDK
EERE SEMEEL, ZOFHOWE % Fig. 13 12K
T, ZOWHEIEL, KEX vy 7ES 235 mm DKEE
RO LR L 72 (Fig. 5(d) 38).

—F, W& L HEERSERENELT S & &
DKIEHRERRZ BT 2720, BUICEEMERE
REBOMIEE 2.35 mm, EFEEES 8V L LTH
EERE LEMR, FERLIRERICHR2ICELI Y
TR LRESI R, REBEREEOBHEEI K, 72
bow, BRET 248KV ICHELL 23 3EDHA
EMEEFHL, -8kVIZHEELE &IF 4 ROREME
2 LR ® Fig. 14 1RT, SEMER 2 BE
L2t 20 EERICHBR LT, BEMNERS KEHR
ICERBRRICRZ CHEIRLP LDKIEKEICL 2 E
MOBKMEIIRELHE L LB L EDIT, SIHENDE
MLEL k-7,

COBEMBIZOWTHEFTT 5, FES 15 mm DMK
DATICH I LT B 222 » 7 o L Bl b L T
BAEZEHE L72ME (Calculated) &, Table 1 DHIE
i (Measured) & D Itbig, Table 3 277§ & 912, 0.95
~0.98 Th-7z, ZHORELEFZ, SEIHVIKE
BRET BAMARZER 27T eELLZ L E LT,
Fig. 15 {2, &EHAIEMR & BRERDEFREE 2.35 mm 12
BAE L TH8kV ICHRERIC, BEMEREBHI LT,
NS DEREEEED L SO EMRER & HEEM
EDBME, BROURK (1) & VRO KIEELEDFIHIES
RY, WHEBMIKIHKYV TAIEBFEICEL TS,

1

creretet
I!lllllll

ON OO

-2

|

Current(A)

-6
-8
-10

Illllllll
Lol by

[ 1
20 30 40

[9)]

0

o
—
o

Time(ns)
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Fig. 14 Spark current wave forms due to a charged disk
approaching a sphere electrode after the disk
was charged with £8 kV at the gap length of
2.35 mm.
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gap length after the disk was charged with £8
kV at the gap length of 2.35 mm.
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Table 3 Dependence of the capacitance between dis- FEARK (1) TIRESND EEZ B L, KEBFEH 8KV
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