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DhEVy, RAMESIRI: 0o KE & LT
WIREBIRC X > CHUB E hed s, X Hiciainiti
IRIC X > CEAE= 2O EARBICAWIR TV 5, &
HiEWIBo A RimO— M & T L oific, 2HELHET
BRATWAHADON, =0 E/D okl chs. &
Hoo0REROBHREHRONRY, ThEh—
ADOGHEGLEEIRALTV3, XKBE E/D o
fekplELTiz, oMz Fig2icRTX5HEa
5-hiigino b odds, Fig 2 0 k%EM, E&
EHmERoRHMICRAGEHR L LEREL
2¥Tv3L0T, BHEHRETH L oM IzER
BT LA THBOMEFTHY, Lot Fig
3o%# E/D &F—Th %,

chibd E/D oS wolicEseamT
»E, ## E/D 12 2000PF, HkV L ECHREIR
KRToHoicHL, HRE E/D i 2000PF, 8kV &I
M 25kV pPEebAk A Linind, BELR
HLNSEOREEXH LTS, KBH ED Oz D
X 5 eBhEHRRAEsS, [EEMRRCLSRO
eSS o eRETH EChL v, TREBNE
DI BEMEIR X5 S ohizowT, FEEILSEY
FALRA, #or0oMmRALRAHBLG:, ¥E E/D
OBRTER L3BKOBEAR2VTRE-SHhOBLD

—_—d4 —

hubhen - ok o kK IERBCHR BRI D BledRd
#E%3htvw3%, LHLEBTR E/D oRREr
HToReBEN, ANBSYHS UELARCT
330THY, = OMEEET 5 REIER I i
D, —HRBEDCHEVCTHRAC LIRS 1 BB
HILSE AT OMYRL- X504 6P, LA MO
HiRtoRoh%, R TRERABORLEDH ED
it d, Rl E/D okeBi:#¥E E/D ©
RBROBMZERMNRAIhEIRETCHELEEL,
BHEOMBLAFL=cF THE THZ LicL
e

WRE E/D oRBME LT 2D 2 4 FhHi
P, BERISToRLBMcBIL, HEOMIZKRR
Rz Frohioc, RAELIFCDH
rHRBREXH TS Fig. 1oz 7oboim D\
T, BBusBT T Licts,

E/D o5 L kol BREYAIMT3 &, #
i E/D Ciz kB L FkooBNz K ELEL
MEshs, chicHLEEE E/D Cil kKIEHM
EDEE & LT, MAKBEFHhoMozme, MK
HHME L ThOMOBRE, —>DEHEYHL T
30, WRIALXOMT 5, LTVHEHRBEEE
DO KERB1R AN D, - ORSUIKTERE
E/D 0RERKO—~-ofTHY, WHEHMOK
Wit o—>vRTIDLEREIIS, zDL5h
WA & REIZ, BBE E/D s\ TidflickIER
WM AR oBM CRted, TIEHRROLRN
TR A 2vT, EREEERYG DR
Hetnit, AKBEBOEME R TTHENBEOoR
Bz, WPhi—floeLavFvy+—Cabh, KIE
BRodRiz, SAMSODMayFrv—3hizR
EHERBOBM 2 v 7 v 4 — DR & EREHOH
BORRThH3LELLNS, RoTHEERADBO
KM EpBBEICETIETELT, FllavyFre
— R bURYR= v Fr+—-0RRER ERENS
IUHBEREE (KEREHERE) cow Tl
TR, B—Hic B\ Tit, THAHOKEELHGT

2. mBHE

21 & =1 R

MR IRIBOWH = v 7 v v — i B3 3 ME % 77
st e LT, Fig.d kiRt boxfvi,
Fig.1 ofRT E/D oA k¥ERM» G, AAkFEBoD
Mz v 5 ry—iclT 383 e RERe, TGOS
OBPW2vFrH+—ilTI /ML BLI-LOMN,
Fig. 4 DRFTH D, ORI BHRLFLE L
1=t 5,

IRKEBSE



-t Leg wire

\ Shell

Insulating resin

//////

/_ Alr gap
//
Electrically
\ conductive resin
N N
Lead wire
Bridge wire
/]

Fig. 4 Sample for measuring charge resis-
tance and capacity of air gap

BARBoMH = v F—+—- BT 3HELTRS
PHORME LTI, Fig.3 05 ifikE&myH+
5% E/D AL, = ORFEEMBHLIEs
Z lim AN, HEURe L OB IEEERL BV,

2.2 ZRIENIIVDEERONE

R oFEMKNiE LOCREEROWEIZE, Fig.5
Ok 5 eIEEM Y AV, EEMBOMTas LY

l Terminal @

««+ Tetminal b

‘ Lead relay (800 /sec)

Charecd l Electric

T source
{ealow2sw.)

Prad
-

Resistance

Synchroscope

Fig. 6 Circuit for measuring capacity and
charge resistance of samples

b Oific R 2HAT 5. ThbbETFaRHO
S b RiERL, WTF b IR OFERS
PHET 5. B LTINS HEREDL R X Ry A%
2hBRTCwB, R i3 50~5000, R; i1z 10~30k0
TH5, MK (ME25V LTF) 2 X ) BEAE 10xF
DaVFry—ARTRT S, 3 v Fry-—ARER
Shic 10pF, 25V ¥k 6V ofpB&%x, V-—-F
y v—offfjic X b REAML T, PERMSE

Vel. 49, No. 1, 1979

BHRHD 2 v v -2 HRELS, Thbbod
Wz L b, DERCEHZ sV TIXBREMN & a8
BEoEHYBHL T, THERRBOEa v 7y
H—i RPRARBYHL (Fig.4d2R), Gf=2vFv
Y- DFEMHBRE 5, * -BHRFHZ BV TRGRE
BEMKBHOHAAREMSOESLEHL T, HK
XKigoFMavFr4-LRBE 1B HL (Fig.3
BR), B2 v Fry—o TR/E BB, Thbo
FERH R YMRAHOERABRERL, /BIEHT
R RETHMEY v 7uAa—7OHEEL, 0
BEFEDH LR OFTMED L BRER LM T 5,
Yv7eRAa-7RIGZEERBONM LSR8
Biz$3id, Y- FY L —i2800 B/ BOMEETCA
1 FOMPAZTIES X 51khoT\W 5,
Riervrera—7CRBEILETREEE»S, B
BOFEWRG L MIABR L TH T 5 HELRAT 5,
RAHA MK R: & TRAEFR C: DavFry—
2ORB LTS L, Fig.5 DREEEI: Fig.60X)
#zbIhsd, Fig6kB\T Vy4 & CritavyF

Synchrescope

Fig. 6 Circuit for measuring capacity and
charge resistance of samples

Y4 -—ADRMELRAFRERL TV 5,Z DEFCaD>
C: thHd, REEROLENH¥RL T, Fig.6
PHRBIROMARTELINDE Edibhd,
R=R,+R;+R; (1)

YV IR R~ CRBEININBEN R, vkt
SMEXell, et V, OMYMORKM*E 4 €,
Vao &8¢, e & Vi L0 MRS D20 &
5 fzﬂﬂﬁfiﬂ‘ﬁtnoo

eo/Va=Ry/R {2)
RRITNRLRALTERRY RS,
eo/ Vao=R\/ (R +Ry+R;) (3
BB L TR %183,
R:=R\V 4o/ eg— (R)+Ry) {4)

e DWHEBILFig. 7O L5 EB12TCHY, B
Mzt DRAM e BEBERD, RoT 6 vV

— 45 —



-— o=
N

. 098370} ——ey

e ceme e -

L

Time —>

Fig. 7 An example of voltage against time
- . curve observed bysgsynchroscope

seAa—7 (REREIGEK : DC~200MHz) ‘¢ % 5
THiE, Ry, Ry Vi BIEATHEEIND, GRDE
ABoFEREKFIDEHTLEh S,

BUL Fig7Tholohict i, ciz@ifiolk
il eo 2 HEFEE 7 I > THROBAL & & biCR
HLTITLo = OBEH « AMD Z L S KRDEORT
Fb3ha, '

o r=C.R (6)

Rix-Riy Ry R ORTIRGITHEN D, ¢ DY
Brb 2 EHTAE, BRCLVRHOB KA R
C: WREHTE3,

2.3 HEMMTEE (RIERRMBTRE) OfE

MR a v F v — ¥ il 2 v F v — DR
WRELXRET 51212, FHBRE 2 2R eog
HShit@ e FhoMic, 2000PF oii&% &y
BE»SEMLED, RACTEEXEDTT-T, &
BRE i K IERTBORC ) A3 BEYHEL

Table 1 Charge resistance R; and capacity
C: :

w
sample

Air gap

Ru(2) |500|500|500|200|100} 50

Ry(k) | 30;] 10| — | — | —|—
- Cy(PF)|6.1/5.916.26.7!6.1|5.5

R.(k2) |8.617.0{6.814.5(3.7{2.3

C.(PF)|1.6]1.5/1.52.0{2.0|1.7
R:(kQ) |276{256[174| 90 | 71 | 52

.Air space

— 6 —

'C, ﬁﬁ&mﬁﬁfﬁﬂia LfCo

3. RRHER

3.1 E[EmieRarR

BB ORRIES & REB R ORER R, Tablel
DAY THB, i, WERTERE 25V $XU5
Veftle o, R: 810 C: OWEMME 25V o
B2 5V 0B L CHEENBH LRI DT, i
EORHiY Table LIZFELTHS,

BAER C: X ASEH R, R oXk/phE NG
LRE—-HOMiYRL, WEz VT Y- oREILE
15 6.1PF b, Bz vFr4-0 BRI T H
L6PF TtHd, WTFhiBAsHELTREDL D T
PhE,

FERIEIA R A BEROBELET 2T, AN
WD PEL B, B TR Y ALY
o BRI 8.6~2.3kQ Offf CHB DI KL,
fNEH 272~52k2 2\ 5 RV ok & T LA
EHLTWD,

3.2 BRWHETRE (KRIERTHMRE)

AR DOREBENTED HEPi2, TableZomd
<H b, BRI 2.5kV ThrorHL, R
i 2D 5.2kV Cths,

Table 2 Spark discharge voltage

Sample Voltage
Air gap 2.5%Y
Air space ‘5, 2k¥
4. & ®”

41. REOBBRNESE

HPBB D BRUBIRIES 2.5kV THE DAL,
BHRMORGBRTERF 2 50 5.2kV TH3,
HHOERLBRAZHHATEZ EXE LY, LL
SERIARHT Jov) B R IEBITRRE & A kO MO 2B D
BIREA 0.77mm LAFicFEIh T30, &
MIBUEHZ 3513 5 AUK IR BERE & WA DO RO 2R o MR
1.0~2.0mmThHH, DHOMMEL Y N hRkEWE
Enh, HHEOBBIEEMNTIEFERTES,

4.2 HHORESR :

PN ORLBRNTY 6.1PF CH 5D,
SR HoTAAfiiRY 1.6PF ¢h%, tofs
LAEFEOBRLERMIZRIITH I LI2EL, L)
L—BAN P2 v 5 v+ —OREEER, PFR
oM HRSIL, RTHROBMECHEATIC Ehb
Br2o5E, FRRHOBROMBENPEVTER, &

IRXRBEEE



DEHURPEIELLTWALDEBbRS,

4.3 RAEOFED]IEHN ,

Fig. 6 T MBRIC B> 200k, KBIH R,
ERURR C: BHFIICMAGLELDELTRLE
2, REOERKMLHBEHT 28 vTo

HEREMED DIz, RPOBENSELRREYSS

BT T LN D B, 7
TR (37 E/D LA—) oREHSEER%L
ARt L, Fig. 80X 5B bEIND, R &

Shunted
lerd wire

Ry, Bye
VC 0c

Be
I-—o Shell

RBo Adr space
condenser

Fig. 8 Equivalent electrical circuit of con-
ventional electric detonator shown
in Fig.3

T Ry o ibfixXbT, Ryvi=Rw2 TH %
TERWSECHLEVY, ERoERYRNT 5B
b, ZorSlhY, Rp RASLTWEENR, R
RO TS & SR IR 2 5 Mo &
KREHWSOIY, Co 3510 Vo iUk 020
2y Frr-DREFMETELRLT 3,
EHRIHTREASNMEh, Bz Fr4+—o0
ERABEHIRT, DM KERERETIREBYHE
245 s, LHPELEZRKOBRHOROFNLIL—T
HEEIZH T, KIERREDOLEBHEND; -
CTHHRET b LHE E/D 0oXTARICETF 3T
KOBEERIZ, EHBIhEZAORBPER Ry ¥
7212 Ry Ofifhud—7 2 & (Fig. 8 Ci2 Ryz &L
72), AXKBENSOEN Re 2B TEM=2vFvy
—RONRBLDEHLE, SO L2, FEEOYK
i E/D o kTERRAEORGIZ T HICHRH
W+5FECH D, HEHT5I Fig. 8 o@ist+icd
H#E E/D oRTBRIC 31 5 BERANHSEEERL,
BB Rwi, Rws B IUASTIRER Rp 1 OR
Hr—7EMIC, HXBEPSOEN Re s XORR
2V Frd=RNEICoNotebDiE L hid X
by, A—ZEBRDIRGILHROR I X o TETOR
e BA%, 19 Wiofitd s, #-T Tablelic
RERTWIHM R S © 50kQ 55 300k 3 X

Vel. 40, No. 1, 1979

SHMEHUL, MARBWSOMH RexDLDEH
R LTHE 2V 50~300kQ L\ 5 HEHUH 0 B2
A5 &, MKREESTS DB RIFERIK TR
2, [ i@k b L iRSREC L ey L ¥
3h, Fig.8 OEKMYSEEIERC 15\ T HKBHIAD
RGP Re L LTEbTo LRELVL#E26H
B, .
KICHPRARORT AR HT 2 AN IMEEE %
BT T, Fig9okbickb3hs, Rm $X

Cez Airgop

—|— _I' " Vg2 condenser

Fig. 9 Equivalent electrical circuit of sam-
ple shown in Fig.4

URmuﬁatmmamﬁﬁmmﬂﬁ%&ﬁmbr
ﬁﬁmmO&TL¥6M0m§&mmwﬁﬁt&b
LTuvs (Figd X0 1 BH, BHEBRLEFLE
ROZ20 BFIZHRERTB), Chay Vi 5
UIZ Cpa, Vg 12 RBEBIREO Bfl= v F v —
DRABREREXRLTWS, chbDavFyy
—i128 2 Ru, Rg HEL, BV EFITH S,

A E I HRE E/D iR EYRMmEh,
TRz v F /4 —DERNERShT, IS KIER
TrRRBISBRR/YME TS &, EE=>ORBHEHR
DA L FHEOMT, LR >OKIERTIR
ELTVWH083BBOLND, #>T, Rp=Rm, Cn
£Cp,y VaisVm EE LA, Zo0%HKED i}
BHBESRIEFLVLF 2 bhB, Teblel KR
RT3 BPRBOTBRER C: . Cm & Cz D
AP LV,

RO |/A L, Rwy, Ruz, Kp hHRB A
— 7Rk, RIEMIRIRE Ry 3 XV Rpa Mg 4
ATRC oMo T3 &i3, BRI OBAIE
LT\ 5, 85 C Tablel iIZiR XA TV SN E D
FTREI (R 2~9kQ 12, YESHEMIMIZH Ry 36
XU Rpr OGRURGIE DL DL R LTHBH L0,



Rpy 8 XU Rps OERIEHR ALK BRI OIS Re
RHELFLIMEV DR, SR LERETE E/
Dic v Hh T 5 R HRA G HERF KR O S
PR CHH D TH B,

4.4 RHEOTROREH

Tablel DFEM R: & C: LRUT, HHHBEL
DGR OFEROBEEY 0, tc XR®DB L, Table
30X 5 EiRE %,

Table 3 Time constant during charge of samples

T resistance (g 500 500 | 200 | 100 | 50
. AVERAGE
sample ~.| RG] 30 - - - -
Air gap (n 2 525 | 413 | 422 | 301 | 26 | 127 33.6
Air space n oy 42.1| 384.8| 261.9| 180.0| 142.2] 88.4 249.9
“cltn 8.4 62| 60| 63] 70 7.4

Table3 06860l X 512, w5 ERIX vc EDLD
RASRE R, 3 XU R, oEBEYEFTRT 5,
TWEOK tc/th 1% 6~9 ORBIZD D, Ty 7.4 0
KEZITHD, HBENOBBIIZLAEED bR
Vo TOZENG, BERNOBM v Fvy—3
MR o2 v F v+ — 2 RA—DfHRHCERT
e, MflavFry—RB@a v F -7
DB CHBEIND Z LM b,

4.5 D[EEMIED MEERRAE)

M EDRRYEET5 L, BN E O
7 EoRMECER I h, 1 >BVRIHOHBREMRE
YR EOH2G0 1 THB, # - CREEHBEE
DB v F - L AARBOBMa v Ty —-%
He-> TV AKEH E/D (Fig.1 XU Fig. 108
R cREORRAYXAMmT 5 L, RHEHERD
Wz v F v — L HKEBOEM = v Fyy—0F
THRABS I Eh 52, THEHEREONM = v 7

O
Air space
Rwi R condenser
Ce, Ve
Ra Rgz
—0
Cot —— —— Cpz Alrgap
Vor | Va2 condenser

Fig. 10 Euivalent electrical circuit of sta-
tic-resistant electric detonators

— 48 —

v4-REHEECBGENYRECTC iz, YA0
BlBachs o LNEMTES,

k5 nBRAREBENRORMEIC L-TEEE
tEhBZERHLNTHD, MHEIRXZOBRELTR
HifiRo MBEARREBME] A0 T3, BERE
By X DRI T 5 oy, Riflehme g
DB OEFR O WFP R BRO MBI >V TH
BL, 2o v F v+ — OfRERTESTRARY
INE LT RDL—2DHILETH D, L LEHOME
WERDSZ LRERENTERXETE LD 5D LR
2, REARRYHOTETOBERLYAELTIEN
SUMBXHL, E/D o} L bz ELS
OHERFHR KB, - TREMENBE LTESH
EoBHBR L OR AT, KROBESYEND
2L, ERAMLCELLTROH &N, BER
MiBELESDH bR, RLFIELVWHETHS,
Bk, ZapstEin & Ui SMB o EREH Ran
Rps 260 Re, WU TR EO FEROBEH <5
BLIV r¢ ORBUEHEN S, #HME L TRIEHED
SBELTBERYHG b CH DM, THITE-T
BRahT ki, 5~25V o BEFROHTVLAXEML
LS AOXBRENTY LEROMERORBICIZEL
Licts, HEEVEWLL KV BoRTESROBTE Y
BmLASsoRER, V- FYv—-ofBEORR
MRV Ih, RICE> TRV ETHD, L
L GBI RESURIC RIS o & e Ol 7c
/v DEBEERBEBLELVC-OEHOR T D 5,
Table 323\ T r¢/tp BABEROKNMOBEY I
LA PZF T &, TGO sEL HH
2Th, tp & o DRGNS HMERE Iz
THETICEREDTHELEC L THY, THiE
BROBEBRBIERTIEY L O LFLORS,

IRARBLE



5. & %

5.1 #& E/D (12201 T

#7 E/D ix AARB L HROMICEY 2 v F vy
~XHLTS, BflavFv4y—0REAFML 1.6
PF td Y, LOHBBBERTES 5.2kV Tha,
#7A E/D oL L BHhOMCREEOHT L LA
m¥se, Gz v Fry—0BBNEMIh, 20
WA KIEBTIET 2,

5.2 MEME/D (zoWT

HIBE E/D 12 ALK L BhoMi A= v 7y
-2 tTa L i, BHEHBBL THhE oM
B2V Fr—HEFo T3, HERA E/D i
BREONDTREVAMIhLESHEGR, chb0OZ>0D
avFrv+—-WFh i B@ERLET5TiERYH
LT3,

LA LENSEM 3 v 7 v — ORER0E 3 R E (2
2.5kV ¢, AMflzavFr4—-0 Y2501 THE,
R v F v+ —OTREEHRIL 6. 1PF ¢H 508,

FRIEHR S SV 20d, TOFEROMERILENM = v

Fr4-oHT ROl THE,

> THEE E/D 03 & FEROMKBBIEDR
TEEAMT5 L, BRavFry—-eB@MavFy
= DRENFAICINEZh 55, BRicEmi= v 7
var=hZlia v F v —i2 %A UCHIRE M 2 4

U, 2o SsickEfRret5, T E/D o
O X5 R R BRIENRBOBMIC Lo THEEEC
2h3b0Thd, WER E/D 0RLBK Lo
RO—>Chs. FHIREEHBOZ O X528
tex MBARTRE] &S50 T3, RHEHRD
rMBAHRBE) i oz, RBEHBEL
TTEHREGBHEOHh LD, 2% b EHEALE
HOTEARRINECLORAVD T ENFE L,

6. M B ‘

RN LCTRBROBEC ST, BiLH
R, MBIV G v REFRFOBER
£ X UMER TEE) ERTHORKMSERICEL
BHoBmrErL T, ’

X Ow

1) 8i%k, T:kik 36, 95 (1975)

2) #HEW, WE THEXEBLBAMSEEESMITE
SR, 18 (1973)

3) &M, REKEHRRE, 17, 15 (1971)

4) B.P.709142 (1954)

" 5) E. L. Litchfield, BuMines Rept. of 1lnv.

7139, 1958

6) fhiF, HIth, A&, Lkik 26, 265 (1955)
7) W.Scharwicher, Nobel Hefte, 1967, 231

Val. 40, No. 1, 1979

Mechanism of spark discharge type static-resistant
electric detonators

by Michio Kimura*, Nobuyuki Izawa* and Nobuaki Sakuma®

Spark discharge type static-resistant electric detonators which have plug with
insulating resin parts and conductive resin parts are much safer to static electricity
than the conventional ones. We have been investigating the mechanism for the
safety of the above mentioned plug.

In these detonators there are two air condensers in which the spark discharge
can occur when static electricity is impressed. One air condenser consists of air
gap between the surface of the conductive resin and the shell. Another air conde-
nser consists of air space between the surface of the coated fuse head and the shell.
Although there are thus two possible air condensers for discharge, the spark dis-

charge of actually impressed static clectricity does not occur in the air space and
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occurs very easily in the air gap for the following two reasons.

1) Since the length of air gap is smaller than that of air space, the spark dis-
charge voltage of air gap condenser is about half as high as that of air
space condenser.

2) The time constant during charg of air gap condenser is much smaller com-
pared with that of air space condenser, since the resistance of the conduc-
tive resin during charge of air gap is much smaller than that of the fuse
head coating etc. during charge of air space.

There are two kinds of functions of the conductive resin which improve the .
safety against static electricity. As above mentioned, it is one function of the con-
ductive resin to cause static electricity to effect spark discharge easily from the con-
ductive resin parts through the air gap. A description about another function of
the conductive resin will be made in the next report.

(*Research Division of Detonator Plant, Asahi Chemical Industry Co., Ltd.

4—5003—1 Nagahama-cho, Nobeoka, Miyazaki Pref., Japan)
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