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Table 1 Observational shapes of various metal powders

Notation | Average particle size( xm) Observational shape
Al 60 Plate likg uncertgin shape and seen large num-
ber of micro particles
Mg (Din40) 218 Ellipsoid of revolution and large particles
Mg (M45) 145 Il:;z;ttcl;(:llél;e uncertain shape and contained micro
Mg (No.16) 12 Sphere, uniform particle size
Mg (M1002) 31 Rounded foil
Mg (M15) 13 Sphere and contained micro particles
FeSi 18 Irregular block like shape
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Fig. 1 The relationship between gap length and Vg in
Mg (M15) and Mg (M45) powders with the
variable charging voltage method
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Fig. 3 The critical voltages of onsets of spark dis-
charges in various metal powders
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Fig. 4 The critical voltage and gap length for the
onset of spark discharge, and their standard
deviations in Mg (M45) powder
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Fig. 5 The critical voltage and gap length for the
onset of spark discharge, and their standard
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Fig. 7 The critical gap length for the onset of spark
discharge in titanium hydride powders

ZBHEIDHELES, BB RREERELRT
hor:Al, Mg(Dind0) DFEBREZLEILLST—

FicmiC, BEMBBELEC L > THAFeSiE,

TiH,® 3 b TROLBBERBE LT =Bf{EERR
L R4 LV Cerac IncNTIH,DF—-7%FLd
YA

4.8 B

ERBDBESNVBEMOTLAMNIEERXETOME SR
HFFNERCESERTI LItk THLSY, #
N L xOBERMBLAIEIL, BN TFHBOBIER
NEREIEVDOT, Bt HIERNFOELSOHE
WEM LB %8 L CTHORBIEROBMTHL LA LT
S ENTELY, b LELERA R T RITERIREBIC
BT Chs,

b L4 OBBEHAME  TREMTIERAE
B RHPERIBVIGSIZE, BEMMEH, &
AN TH ZDHANERITERHRS L, EWTEER
BE2FTEGREIMESREL 22", BENMER
EHAE L TEMRBEAB B SR BANKEVEE
1i%, WAICEHEAMKICL D, BEESHIBIBFS
h”, BERBERIERL, WA LI-TEARK
Bl oTE LR I Vit TREMMER SN
0 EHIRBE L IPRBHBREICE S,

44 /12 & A BEMESIERAETHERIC T+
SFIEVE XiZiE, 14 ViIct 2 BEMBESIENIIS
BICERRBIETLTESRREBLE 22, 28
FREL LOBEMBRIEMOL 513, 04+ HE
- ABIEEL LTIV F Y RBIBREh, BEE
ELHPHERICL T, T WE, ryu—-BE3,
SRUMREIREB L 221,

SDEE, 4 VEBICLIBEMBERIENHGE

— 264 —

- [ 7 - b A
= St s

= 4F e ’

I ) ‘.’ [

5, Y I,

2 'y $

3 ! 7

s 2 ! y: —o—1l

> ——ig Dind0)
;] —t— S}
= -9 = Carat
a 1 " - & = litsm
-

- -Vlstd)

- lVilstd)

o 2 4 6 8 10 12
L, or gap length (mm)

Fig. 8 The critical gap length for the onset of spark
discharge in easily dischargeable or good con-
ductive powders

FILBWEEICE, IyFrYRGERRT A LN
TEx¥, 4, BEBENEOTHEMREIZS VTR
BAERTEIBEULE, »ORHIEmALLETE
IS AR RERE L ENERRTH I ENTET,
TEMIERREBE 25°77,

Ptk L UKERBEORERICX-T, £
BRERERNT 5,

ERBMBERN T, Fig. 1~612RT L5112, RER
LAERBIETRADBE LY M, ATl
BELRELLTL, TOREREBRDOHEEL F 4
FRUIZL-TREL( R T O EBBITHE
%, EABIUTLRBBORE LTI LI
RBERDE I8 B,

FeSi < TiH, (Z#fI{L%3E M) < Mg (Din40) < Al<
Mg (M45) < Mg (No.16) < TiH, (Cerac Inc.) < Mg
(M1002) < Mg (M15) <&,

Iz, TiH B bE%, EFFREERELS
THo7bDEFHIRELEP- LD 2TERLL,

BEPAEBR A MHICIE, BEMTRIER, Thificy
F&, NESH, NFERBLUTERSL LHVBIH
HLEMBIERVBRTILELONS, MgBDOES
2id, NFEDEC, EBERARH C TRENER
ERITB Y, REMBRRTEIIN L 225mAH*
ALY (RAN

Mg (M15) R FHRE> TV EDOTEEMESR
EHAHE <, Mg (MI002) XA A S hi-RETH
LNDT, NFENIKELTHEMA L EMERI DL
CTEBERYHE S, BEMERERIE 2T,
BEBHERRBELSB hoftt EX1 5N 2B,

Mg (No.16) BB F 2 & T LW RIRRF D20 ic,

KEFSEE



Mg(M15) & D IR MEBRAEEAMEL, Mg(M45)
BREF O DIcBAIETIMES 2o T, KBRS
BRAREBEMEL Lot #F L b b, Mg(Dind0) i3k
FENKEVWDIZ, MghDH B TIRBLHRERSG
BAEEIME,

—%, AIBIERFEIVNE L, ERERIIRVICD
»Prb 6T, RBMERABEIEY, ZhidEes
ROREBR+DBEIENRD L R FHoERIETROE
E, BREIIFEL2EVRFRLE-DEEZI LR,
ZDOM, FeSieW:{ OMDTiH ixAlL b bR
BABEIMEL, BB TCRIZEAYOEAICERR
WEhot BILEENRVITAIREOTRIEHN
BwlbtEZONS,

ERBhCEN, BB 2APRERBL2EHPIC
GEFHEHABIR L, BEYHEHR100Q 0 & idF AR
Bk b3, HFEH 100k QD & idsggich b
2T otz HFBEEHATE W LB WD,
CEANERIC X ZELEAMER S h, BRI LIIERRE
ik bRdd, i, BEBERIBRINTY, NF
MOBESMBcE > TE L/ 4 ic k2 BEMNER
EHD, ERERICHSTERIZBL 235405
{, EHERBEEFTAIENTE R TERRBL
BAIENBWEEZbNE, —F, HEFIEHAMEY
i, SERBEHETE VRS ICIIBRRBL
%o

Mg (M15) TitFig. 1iSR&h 3 & ) ICEFHERIC
X284, ERFRBHBORE LT SICENEN
o7=A%, Mg (M45) TIXERIEH AT AR R
BRMEINE L B ol, ThidMg(M45) DERRIES
MENN DS, BWEFER TR, BAERIC K 28
BAUER S H, EHTLRERRBICR) LTV L
MR LTWAEEZOLNS,
XETELLE L EEMBEE LB LZ2EBHP
OREREBRACKIB TR, ZR0HALRALLE
BR$TH, Fig. 5~6icREN3 LIS, TEERE
Tk AtEs, EEFAREBERELLTVWHIOK
BHBRFEEZS 27

SRBPORBHMERAEOEREER TP O
SLhdkEv, EBRATTI, BERAIITMYL
LTEREFMIHLTWALDIL, 4, BEMT
HREBR T L IR TFORBREIEDD, ERIERLE
BENBLETATE DA, FERENELLRL
LEBORENILDE, THbLEEEZRIIKES
hol-tEzbhd, BEMBELLEC L 2RER
£i1, ZROBE LY LRIV, TEREELED
BeLybrihhEv, REEFE(CETREN

BACEL BTV L EOHITERSPHEEIE .

Kayaku Gakkaishi, Vol. 60, No. 6, 1999

ERELLTLY, REMABEICKE2IEOD&%
ELBILERLTWA,

AF—NLa—FetOS#ELHFNHFEBEL LE
BETiE, ER0HBEITRKE(RLY, SHOoEED
05~ 2D BEMBRERBERICHOA-T, BBEEOHFH
KELHBERBELEI 7% LrLids, BE
MBRIC&RBFBMNTWBBESICIE, Fig 2105
RTwa L35, HEBLEBEE TCHENRELST
I EALERMRVWOA LR OF, HiEREICHE
EBoObhRd o7

DEnk3ic, BEMCEBRIH 254, 8%,
ERABIURBREORECC LT EIIRBENER
I, 0F VEMIEHSBRL, 4, SERRNTFOE
R, BMLERORERLZOBEAIENS X UBAE
ROBE, BREABEELLELBFRTE, c0L5 %
ERBOBMIERIC L 2 BEMERIL, SEREOF]
EELLTOERERHR-TBh, ZEAOBELIH DV
TROBBLRELLTWHOBEMBRAEES5- X,
U EOREREERRLWERRHRENESL
R CTHs ",

BEMMEN45~55mm, ENMBE KV £
LT, Fig. 4, 5 7BXUBIZROAB X1, EBM
EEIAGREMRE LHEMERAEOBERIRE
2 T3, EBORBOFmEE, RBREFEICLY
EBBEOIELOEFELTL5~55mmTHHI D
b, ORI, BEFERRBEPIRERTE LD
ZRP TR - TVADPDEBNNL-TELDHDT
b,

FeSi & W\ 2H» D TiH, DEHE1345~55mm {OE
BEREI CEVWEETCIREAYERIRBERD, L
BREEFRBERCEM LWL HELELLN
2%45mm U LN BEEMBENEZIATE )L
Dixon¥t2 & % up and downO x #— ¥ RFINB oN
fCo

IO LEREFELRLTVWERRRETIE, BL
M FOREURAI—FHOBEL o> TEVEIMEE
CEAEBBEELTWAILEDNE, TOEHEIT,
Fig. 7L 8ICRENB X H I, BEMMBREISnmUE
CEPIMEBE IkVIUTOL &, EMMEBEEIHT 5L
OB L ko TVwdb, CNIIERBHERETO
SHRBLRABEE~OHBEEOREMIC L A2EBEL
BEHO XS HAMBRICEEL, REREMLEN—
FETCRAEVEDIZELLLFRRANC -2 EX LR
60

EEMRMEZLELEBEEELENEVEHS
% ROBABERELLTHo7TiH, (SiRMZERTL
#)i3FeSi L IZIZAETH Y, RIABERELED




- 7= TiH, (Cerac inc.) i Mg (M16) L iZIZE% L &>
72 TiHZARESHTIZ L > TEBAERE, RTFER,
BEIEH L LA DA DI, BEMESIER»R2
> THEHERRMUMICERPELL-IDEEILNS
13 14)

CNOLNERBIIBHEBRE 2KV LLETI, FI2EL
AROENMEBE & LoMBichoTWvd, $XRTHEE

MRE4SMm U ETHANT, ARREAmTOEHABR -

HHBTH 20
BIFBEHNS0V L IkVOF—F IZFEBICHBER

ELEC D2V RENBIREEHS00V TLso?t

SmmUT Tho2bDicPBd oz, BRERTH

LHRBMPELEEbH oo, ELEVEESNSH

ol ELBERIEERRIREDHEE LTHEAL,

ELWESIEEAL LTEALLLEX NS, &

LWtk ahn7— 5 L EFEEEKVEL LD

F-= SR EOMTHRAMAD XDHIPEFH LTS L

SRR 5, '

N &) RIRIEFig. 5L 6 DENIMEIE & Lo DR
icbabhd, LT, BEPIZB 2 REHBRA
HARBERELLTWHIIHAIEY, RERELD
BEMATERRBIIEC L L) ERrbiI L
b,

5.% & &

) ERBBERNTIE, ETRANHEES LY LE,
BELRBBEZRELST, TOREREERD
MELY A THYCE>TRKEL R o7 Mg
DA, NTFEIWNEL, ERERIBLTR
BERBSIEREVIIY, RERGRAMIIETE
ELEWIIICEDL M AED b,

2) ERBOMMEBRE ¥ 21X BIRMBE L EHEERSE
HOWRIX, B4OERBIZOVTERAEABHEA
LBENTHRANTHS, ERBIZLZENODH
oz, BERRKER 23 ) BEOBEE
HOBWIZL>TEL, EBRTOEMIRE, &L

BRORBELTOBLAIER, B LUEREROR
E, BREBLISEL B> TELBEHFXL
Nz, SN L EFRROHERIEHIZ L 2 WEME
iz, KERBOFINEELLTOERER-TY
60
NFEBBEZ L BEMRREELEIZL 5&RHBT
DS, HBB L UHRHEARRAMEZ LB LD,
ZROHES LR L EBBHROBFETH, TRBE
ZALENI B BHGR A IR ERE LT WHD
He5 %, BEMREELETIE, ZROBELD
bREVY, FREBEZELEDHES L LMIVE
lﬁﬁ% %ﬁ& L7
A REhTEN, HEICRASEREERELSTY
SERBIY, BERELICHIT A JEBEOHTH
WHEBEIRMEL Y, HEMBTEMRERIIEL &5
ﬁﬁ] %ﬁi Lf»:o
X M
1) BEER, kA#RE ARESKEHARRBHE
R, P.1(1996)
2) REXF), kARE, KL%, 36. 84(1997)
3) BHEXR, ka#hes KEE&EE 59. 137 (1998)
4) BHEXF), kAkRE, KFEELEE 55, 214(1994)
5) BEXR), kAthE KELLKEE 57, 77(1996)
6) BEXT), kxA#E, KEELEE 60, 124 (1999)
7) J.W.Dixon and A.M.Mood, J.A.S.A.. 43, 109 (1948)
8) BHEXR), TH K3, 32, 269(1971)
9) BHEXKT), T KK, 36, 266 (1975)
10) BEXEE], kARE, KBFEKEHERZBNE
EE, P.7(1994)
11) BHXF, kakE, BEAEIERAM, 03,
P.433(1993)

' 12) EKuroda and T .Nagaishi, Proc. of the 18th

IPS, P. 511 (1992)
13) K.White et al, MLM-2550(1978)
14) K.White et al, MLM-2589 (1979)

— 266 —

KRFREE



Onset of spark discharge in the electrostatic sensitivity test (iV)
Onset of spark discharges in pulverulent metal substances

Eishi KURODA® and Toshiyuki NAGAISHI**

Study on onset of spark discharges in pulverulent metal substances like aluminum, mag-
nesium,ferrosilicon and titanium hydride which are widely used as pyrotechnic raw materials
was carried out with the electrostatic sensitivity test apparatus. All kinds of pulverulent
metal substances tested, made short circuit and produced electric gas discharge more easily
than air. The relationships between charging voltage or gap length and threshold values of
onset of spark discharge were recognized irrespective of discharging in or outside pulverulent
metal substances. The relationships were revealed to be dependent not only on the electrode
gap resistance, i.e. the contact resistance of pulverulent metal substances but also on the con-
dition of the inter-metallic contacts,the property and the resistance of metal oxide film,and
both voltage and current characteristics of contact resistance. For pulverulent metal sub-
stances in which a short circuit or electric gas discharge occurs more easily, the critical volt-
age of discharge onset tended to decrease and the critical gap length of discharge onset
became longer outside substances.

(*Nippon Koki Co., Ltd. Shimbashi-Sakura Bldg., 3F, 36-1, 2-Chome, Nishi-Shimbashi,

Minato-ku, Tokyo 105-0003, JAPAN
*Faculty of Engineering, Kyushu Sangyou University, 2-1-3, Matsuka-dai, Higashi-
ki, Fukuoka 813-8503, JAPAN)
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