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(1)DeBigmoEtheEIectricDetonzLtOr

ThepurposeoEthisstudyistoestablish

thefundamentalLormuhsnecessaryforthe

designoLelectricdctonatOr･COndenserdisI

chargeexploderandelectricblasdng･

(1.1)Therelationsbetweenthenumber

oEelectricdetonatorsandthe点ringcllrrent.

EIwynJoneSl)I)hasfoundthattheenergy

(E)required､toArealow･tensionelectric

detomtorisasfollows:

E=A+BL････-･････････････.(1)
wheretistheexcitation time,A and B

beingconstants.An dhehasfoundalsothat

thereisthefollowingrelation between the

excitationtime(E)andthestandarddeviation

thereofくけ̀).

Q.ゴqE-････- ･-･･･.･･･-･･(2)

An dhehasfoundonthebasisofthetheory

ofprobabilitytlmtthecriticalBringctlm nt

necessaryfortheexcitBdonofaseriesofn

detonatorsincreases 8Sthenumkrofthe

detonatorsincreases.

Buthehasnotestz)blished therelation

betweenthecriticalenergyequation E=A
+BEandthecritical血ingctlrrentOfaseries

ofthedetonAtOrS.Thereforewhenwewant

todesignelectricdetonatorsofbetterchara･

cters,thatis,theoneforsingleGring,series

RringorszIEefromstmycurrentandsoon,
wccannotdeterminewhichfactorsofthe

electricdetonatorshouldbecontrolled.The

presentpaper.isArtattempttO丘nd these

rehtions.
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Therelationbetweenthereactiontime(I)

andtheexcitationcurrent(Z')isI--I(,I)ELnd

theurgetheexcitationct)rrent,thesmaller

T,butTmaybeconsideredconstiLntWherL

theexcitation currentis below about2

amPere･

Thedistributionoftheexcitationtimeis.

normal.Wh enwedenotetherangeoEexci-

tationtimesofJJdetonatorsby凡 thecritical

conditionoEtheseries丘ringcanbeexpres-

sedasfouows.

R≦T･･･-･- ･･･-･････-･････(3〉
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ぢ=B/r.･･････-･･-･････- ･･--･･･････(7)

Thcrelationbetweenw,themeanofthe

rangeOfasetoflLSamplesdividedbythe

standarddeviadon(R/C),and∫,hzISbeen

tabulatedbyE.S.Pearson3).Inthepresent

paperthereladonbetweenwandtJhasbeen

expressedina form of an approximate

equationasfollows.･

logw-0.490+0.710g(logJt)･-･･(8)

Or

W-3.091(loglZ)0･7･･.I-･･.･･.･･･(9)

Table1showsthevaluesobtainedfrom

thestatisticaltables)andfrom equation(9).

From equation(9)and(5)

J'2=3.091(log7L)〇･7f+守- ････-･･(10)

From equation(10),(6),(7)

2 13 .- I 5 [ 10 1 20 l eO l100 t 1,CCO

Er｡m stati- 1table i l･128ト 693±2･059i 2･326; 3･07巨 73巨 98巨 O.巨 483

Ero- equadon (9)i(.･333,Lくt･84車2･l可 2･44巨 09日 71巨 791 5･02巨 と6･]

ogA)-1ogv i

-QJ伸一申0.0OJOG030.410g(1oBZL)づPI

s.2E2-3.091(logJL)〇･TJ

la/rT+B/t･･-･I(ll)Theequation

(ll) shows the relationbetweentheexcitationcurrent(L')and

thenumberofdetonators(IL)inaseries

whichcanbe丘redsimultaneouslyw

ithoutmis丘reddetonators.Asthequantit

iesノ1,a.T･,T,Bcanbeobt･aimedbymeasureme

ntthevalueofl代anbefoundfrom equation(

ll).(1.2)T

hemaximum Aringnumberofthedetonatorsinas



the点ring numberoEthedetonatorsin a

seriesforgivenvoltage(Ⅴ),we should

reduce thevaluesof.4,α,B andr,and

increasethatOfI.

ThequaJILitiesA,B.a,Tand1.aredescr･

ibedbythefollowingrelations.).

-̂0(T-T.)

C=la戯

β=〃十JJ

-4llaTf o. 苛 ′
J

r=P=
wheTe

L:lengthofbridgewire

a:cross･sectionalareaoEbridgewire

d:densityoEbridgewirc

k:speciGcheatoEbridgewire

l.:heatCOnductivityoEbridgewire

T:ignitiontemp.ofmatcl一head

T;:roomtemp.

F:aPartOEbridgewirewhereheat

lossoccurszltthebothends

l士:heatconductivityoEmatchhead

d,:diamctcroLbridgewire

d,:diameterofmatchhead

p:speci丘CresistanceOEbridgewire

lntensoEthesevariablestheformula(13)

canbeexpressed aSFollows;

V2--p三〟7(T-T･,((.ogか ,哩

･3･m +41..;,-'顎 ト (14)

Thisformuhshowsthattoincreasethe

serial丘ringnumber(tJ),thevaluesoET,
a,I.A.8houldbedecreasedandthatofT

incre8SCd.Inthisequationthevaluesp,a,
a,Aandiofthebridgewireandthediam･

cterofthemlltChheadzlreCOnStant.

(1.3)SingleshotGringoEane)ectricdeto･

nAtor.

Whenwedesigntheelectricdetonator,the

Yol.21.No.2.1880

characteroEtheserial丘ringzLndthatofa

singleshotshotlldbeconsidereddiscrimati･

ngly.

Theignitionenergyforadetonatormay

berepresentedbyE-A+BL.

TheenergywhichisstJppliedbythecur-

rentitothebridgewireduring timeiis

i2rl,whereristheresistanceofthebridge･
Wlre●

一寸t
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g.3As Shown

inFig.3,theignition oEanelectricdeto

natoroccurswhenthecuavei2rLintersectsthecurveE-A+BL.(curveI)
W



(2)Designofthecondem且erdi8Chrge

e耳ploaer

･h thedesignoEacondensertypec9CPloder,
thechzlraCteris･ticsoEtheelectricdetonato指

explodedbyitshouldbetakenintoconsid･

erabon.

ThecapacityoEacondensertypeexploder

isdeteminedbythemicrofaradofitscon･

denserAndthechargedelectricvoltage.There

isarelationbetweenthesetwochJraCterist-

ies.Forinstance,iEwe丘ⅩthemicroEaradof

ACOndenser,thechargedelectricvoltageis

determined.Butfromthepointofview of

safetyagainsttheignition oEmethane･air

mixture,themicrofarad 8nd thecharged

electricvoltiLgeOfaCOndenserhavetheir
aHowablelimits.

(2.1)Fundamentalformulafordesigninga

condensertypeexploder.

ThetotaldischargeenergyOfacondenser

is

I:i･RdLrC2Vo!-(1- ;'t,･-･･(16,

where

C:capzlcibroEcondenserinmicroEarad

V｡:chargedelectricvoltageinvolt

t:timeinsecond

R:resistanceOEcircuitinohm

As hasbeenshownintheequation(ll)

therelationbetweentheseries丘ringnumber

oEtheelectricblastingcaps (tJ) and their

丘ringcurrent(i)is

pr=3･091(.og,げ空･B･･････.･･-(ll)
ThereEorcthetotalenergynecessary to

igniteNpiecesofelectricdetonatorsis

′- IL3･091(log")･･74Ta+BIJ"i

Theenergywhichis consumedinthe

leildingwiresandinthelegwiresis

30

Efr-翠 (llC一芸 )告 ･･･--(18)

where

R:totalresistzLnCeOLthe丘ringcircuit

RIP:sum ofresistanceoLtheleading

wiresandlegwires

Combiningloequations(16),(17),wi仙

(18)wecan Obtainthefundamentalequadon

Lotthecondenserdischargeexplder,thatis

(3･091(log〟)｡･7号 ･Bl"L･ 掌

(1-C一芸)普 -竿 (1-e-Tc)

2J

･･-･-(19)

(2.2)Anexampleofcakulation

lnthecalculatiorLWeusethee)ectricdet.

onatorwhichhasthefollowingcharacteristics.

ノ1-0.0029joule

α=0.075

で=0.0016second

β-0.09joule/see

lnthisexamplewewanttodesigna50

Shotscondenserdischargeexploder.Taking

intoconsideration thesafety factor2we

designinpracticea100shotsexploderin

thiscase.Thefiringcurrentnecessaryto丘re

100detomatorsinaseriesis0.828mPereand

excitationtimeIis0.0015second.Thesum

oftheresistanceoftheleadingwires and

legwires(Rtr)is34Ohmsandthetotal

resi岳tanceoftheAringcircuit(R)is160

0lm S.WhenthevalueoECis200microfa-

rad.theequation (19)givesV.313ivolts

(typ 1)andwhenCis20microfamdV.=

216volts(type2).

Thesetwotypescxplodermaybeusedfor

丘ring100shots,butfromthestandpointoL

ensuringthesz)fetyagainstthemetlmneair

ignition,thetype1(200microE8radwith

134volts)seemsnottobeadequate.

(2.3)Safetyagainstmethane.airignition

Table3弧d Fig.4 Show the energy

dischargedfromthetwotypesoLexploders.
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Table3Exploder

200〝Fwith134V

A

m s ll Joule

.2 ll :慧 t .o::≡ Z.霊,6
8 0.777

20 1.360

4つ 1.69〇

0.L65 0_612

0.289 1.071
0.359 1.331

(Ety)nIEB_
20FJFwith216V

′E..こ1-1--｡--D-D~--I,nーヽl
蛮 声｣

o･353 ‡ 0･075 † 0･278
0.439 0.093 0.346

0.165 0.099 0.366

0.467 0.099 0.368i F
0.467 0.099 0.368

Jl:Thetotalenergy:disdlargedfromthecondenserWiththecapacity200fLFzLnd
thepotentid134volts.(equation(16))

(EIY)AAnd(ETV)D:TheenergywhichisconsumedintheleadingwiresAndinthelegwircS(equA-
tion(18))

D̂ -A-(EIP)A:Theener幻rLeededtothel00EtJSC-headsbythecondenserwi山 thecapacity 2CD
FIFAndthepotential134volts.

B:Thetotalenergydischargedfromthccondem牝rWiththccapcity20flFandthe
potenlia1216vols.

DD-B-(ENV)a:Theenergyfeedcdtothe100Eu鎗･headsbythecDndcnscrwiththeciLPCity20fLF
andthepotential216Yol暮s.

4.さ 10 m か 40 p
tl110

Ele.I

h Fig.4thecurveA showstheenergy

dischargedfromacondenserwith thecapa-

city200F,Fandthepotential13ivolts,and

thecurveBisEorzlcondenserwith the

capacityof20FLFandthepotential216volts.

ThecurveCshowstheenergyneededtoAre

100Euse･heads.ThecuzveDJShowsthe

energyfeededtothe100fuse･headsbythe

condensersA,wherethevaltJeOED̂ isthe

diuerencebetweenthoseoEA and(Ew)A.

(Ew)Aisthevalueoftheenergywhichis

consumedintheleadingwiresandinthe

legwires･Thecut.veDbShowstheenergy

Yol.Zl.No.2.1983

fd edtothe100Euseheadsbythecondenser

B,wheretheviLlueofDRisthediqerence

betweenthoseoEB and (Etv)J?.(Ety)Ais.

thevalueoEthcenergywhichisconsumed

intheleadingwiresandinthelegwires.

EJandEDShowtheenergy whichremain

inthecondenserafter100shotsGring has

takenp)ace.

Thesuperiorityofthecondenser･discharge

exploderoEthistypeisdeterminednotonly･

byitsかingcapzICitybutalsobythedegree

ofitssafety againstmethane･airignition,

thatis.thegreatertheenergythatremains

inthecondenseraftertheGringhastaken

place,theloweristhesafety.Inthisexample

the20FEF,216vo)tscondenserissafertlmn

thatoE200FLF134volts.lngeneral,itmay

besaidthzltthesmallerthemicroLarzldof

thecondenseris,thesaferistheexploder

againstmetlmne･airignition.

(3)FirillgelectrlcAlly

Paral】elseriescircuits丘redbyacondenser

dischargeeXploder.

E7(ampleofcalculi)lion.･-

Theelectricdetonatorwhichhasthe一oll_

owingcharacteristicsisused.
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E=0.0029+0.90I

resistzlnCCOEabridgewire:1.2Ohms

resistzlnCeOElegwires:0.30lm s

resistanceOEleadingwirestoapower

source:4ohms

1
I

10 20nS

exoit4,tlo7Lt血o

F16.6

Fig･5Showstherelationbetweenthefiring

currentandtheexcitadontime.

Twokindsofcondenserdischargeexploder

arediscussed･and oneiszI200FLF,134V

condenser,andtheotherisa20FLF,216V
condenser.

IntheEollowingc81cul8tion100electric

detonatorsaretobe点redinseveralparallel

seriescircuits.whereN!+N,+N,+- ･･･+Nn

-100andN,=N2=N3-･･････=Nn.

TheresultoLthecalculationisshown in

TzIblc4.

Table4Showsthatwhenweexplode100

electricdetonatorsbya20F,F216Vexploder,

thereisnomiSGreonlyinthecasesofthe

100series(:ircuitandtlle50seriesofthe

2parallelscircuit.Butwhen we心ethe

200F,F13iVexploder,the50series0fthe2

parallelsorthe20seriesoEthe5parallels.

aresuperiortotheothercircuits.Theenergy

suppliedtothe100Luse･headsbythesecirc･

uitsareseveraltimeslargerthantheenerw

neededto丘re100detonators,Sotheseseries

parallelscircuitsminimizethepossibilityof

miS丘resduetothecurrentleakage.
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