_.DESCRI PTI ON El ectrode for Crusher and Crusher 5 Technical Field The

_present invention relates to a crusher for breaking rock or the I|ike and
an electrode for the crusher, and nore specifically, it relates to a
" crusher and an el ectrode for a crusher capabl e of effici br eaki ng rock

or the like. 10 Background Art For exanple, Japanese Patent Layi ng- Open No.
4-222794 discloses a conventional crushing nethod for or the
like. Fig. 19 is a nodel diagramshow ng a conventlonal lmmwmm mm&;

is a nodel 15 diagram show ng the basic structure of the crughgr. shown |n
Fig. 19, and Fig. 21 is a partially enlarged nodel diagram shovm ng the
forward end of an electrode shown in Fig. 20. The structure and the
operation of the crusher for carYESGCRIRTION crushi ng met in
the . aforenmentioned Japanese Patent Lay| ng Open No. 222;‘ W“lm mmmnmm
described 20 with reference to F'&g 21. First, the struc&old&)«{
conventional crusher is brEéqfqtyO@Fe r@b&her\ﬂftdw F‘éﬂi}é&rence to Figs 9 to
21. A puI se povver source 106 consists of a circuit including a capacitor
108, SW |.C % the like. A power source 109 is connected to the
pulse powe g é% 198, The circuit of the 25 pul se power source 106, a

casi ng incl udi ng‘h@'p&s@mt’ﬁiﬂe&ttﬁﬁlﬂreiaﬁe%rtom)dbmh@illfé)ybﬂﬁhl{lhg rotkishehear e

gr ounded. coax n t.rode for

b1 caki ng” r DR B fedtRad R B8 beiShef. A fints S ERBERNE Taffiee g

t hrough a cnwhealamhbhelddnﬁodeﬂfomatctmshekeapabléa)fjefﬁcmndlyabqwﬂmpg\eodt 30

el ectrode J1%,l@gated on the outer periphery of the center electrode 112
throu h an 1 nsulator 113 are arranged on the forward end of the coaxi al

el ectlfode 101. One of the center electrode 112 and the peripheral el ectrode
115 is gromadRerourt et charges stored in the capacitor 108 are guided to
the -1

For example, Japanese Patent Laying-Open No. 4-222794 discloses a
conventional crushing method for breaking rock or the like. Fig. 19is a
model diagram showing a conventional crusher. Fig. 20 is a model
15 diagram showing the basic structure of the crusher shown in Fig. 19, and
'~ Fig.2lisa partially enlarged model diagram showing the forward end of
an electrode shown in F1g 20. The structure and the operation of the
crusher for carrying out the crushing method disclosed in the
aforementioned Japanese Patent Laying-Open No. 4-222794 are described
20 with reference to Figs. 19 to 21. .
~ First, the structure of the conventional crusher is briefly described
with reference to Figs. 19 to 21. A pulse power source 106 consists of a
circuit including a capacitor 108, a switch 107 and the like. A power
source 109 is connected to the pulse power source 106. The circuit of the
25 ‘pulse power source 106, a casing including this circuit and a car body
carrying the crusher are grounded. _
A coaxial electrode 101 serving as a breakdown electrode for
breaking rock or the like is connected to the pulse power source 106
through a coaxial cable 105. A center electrode 112 and a peripheral
30 electrode 115 located on the outer periphery of the center electrode 112
through an insulator 113 are arranged on the forward end of the coaxial
electrode 101. One of the center electrode 112 and the peripheral electrode
115 is grounded, while charges stored in the capacitor 108 are guided to the
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.other one when the switch 107 of the pul se power source 106 is closed. The
_conventional crushing method is now described. A prelimnary hole 110 is
previously forned in the rock or the like to be broken with a drill or the

““Tike. An electrolyte such as water 111 is injected into the 5 prelimnary
hol e 110. The coaxial electrode 101 is inserted into the prelimnary hole
110. The power source 109 generates charges, which in turn are stored in
the capacitor 108. A unilateral pole of the capacitor 108 is grounded. The
switch 107 is closed after the capacitor 108 sufficiently stores 10
charges, thereby supplying the charges to the coaxial electrode 101 through
the coaxial cable 105. Potential difference takes place between the center
el ectrode bthenoxe whemtrd gwitchl 1041 ddhlequds&pﬁwm sbhecd b06vas dlosed. of t he

coaxi al el ectrodﬁlelgénvegﬂﬁfnea@érﬁél’ﬁ %%Qfe chbed N 3 rﬁdﬁeﬁ%

=-el ectrolyte is converte &6 energg arou ?ward
15 end. of hohe 1dBagpaeviemsh foymediimt etw@k %g edroken #gthiee wave.

This pressiile opaNe liKeeaks, bR trddgte s‘?lrcht ewhatde1 o Pé*ﬁﬂe&tléﬁ 1906 xh &l
~el ectrode 101 The %@ﬁéfgﬁntiﬁned Ja ese (getent Layi ng- Open. No. 4-222794

st at e® t hatPTElIBHPATY 8 PP ftcérq 1Q:]o‘a%<’|n§Pr'@ tp&he 101 in a.
ratio of greliedatry BOldWIPer m'crosecond Wnen CI’UShI ng rock or the Ilke

until 20 power ,llggw n eak ]\c/@ ue of  at C%¥

el ect rodes (¢ he TPEVeEpaRte il donctarch ‘f}h%fg.sa»nvb i oGt B Sl 18 of
the coaxi ahe@IapaCIrtmdéO&O1Adnqmﬂ>etiarahpallemfd;he¢:apat1yme10& isgeonideted regi on
f th bst h
has the ?& Low ng %ﬁghcld”"s'%?%#“% B (TG O8O ARAEI B o e in o
regi o wh ar&@ﬁ & @rqbsy FErHEtnHihe @h@rg@st@rﬁheg@arg@mmrqdeel% xough

el ect rode khé c@ﬁﬁaﬂQﬁb@l@@heP@ﬂenQizﬁ%ﬂE%ce]tﬁﬁes P&élﬁlﬁv&e%@ipﬁfeaééﬁrt@r of

he conti AFIEIHERS b andheizerieharal ghhcliods b oexéﬁ%és‘»’%%foﬁeaé%?ﬁﬁ' Fegi on
wher e the abaxiad elevtrode 161 lﬁh@&a@ﬁe@hﬁﬁgt&&saﬂafgy r ex thisltlifie] thd ncr eased.
Cenper at ur SR sy bR PR by 8k SFge RERHAL AR MEENER 2ot oy
consufed byenidhef tdhlescrolaaldeeledtrodhe 10 battiexbby generating a pressure wave. This
pressure wave breaks the rock or the like around the coaxial electrode 101
The aforementioned J apanese Patent Laylng Open No. 4-222794
states that electric energy is supplied to the coaxial electrode 101 in a ratio -
of at least 100 MW per microsecond when crushing rock or the like until
20 power having a peak value of at least 3 GW is obtained across two
' electrodes (the center electrode 112 and the peripheral electrode 115) of the
coaxial electrode 101 dipped in the electrolyte in a confined region of the
substance to be crushed. |
The aforementioned conventional crusher has the following problem:
25  The electrolyte is in a plasma state in a region where an arc is formed by
the discharge between the center electrode 112 and the peripheral electrode
115, and the temperature of this region remarkably varies with the value of
‘the current supplied to the coaxial electrode 101. In other words, the
temperature of the region where the arc is formed is increased as the
30 current value is increased. On the other hand, it is known that discharge
resistance is reduced as the temperature of the region where the arc is
formed is increased. The energy consumed by the discharge of the coaxial
electrode 101 is proportionate to a value obtained by multiplying the square
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..electrode 101 is proportionate to a val ue obtained by nultiplying the
.square -2 of the value of the current supplied to the coaxial electrode 101

by the discharge resistance. Al so when the value of the current supplied

"to the coaxial electrode 101 is increased for increasing the energy

(energy utilized for crushing) 5 consuned by the di scharge of the coaxi al

el ectrode 101, therefore, the discharge resistance is reduced as the
current value is increased. Thus, it is difficult to sufficiently increase
t he energy consumed by the discharge of the coaxial electrode 101 by
sinply increasing the aforenentioned current value. In the conventional
crusher, therefore, it is difficult to efficiently 10 perform crushi ng by

i ncr easi ng of fthe abieyof the curredt suppbedistithe coaxihkelectodet 10 nbethe on has
been proposge-HdteRrdSistdfees0l ve the aforenentioned problem and an object
of the present 1fvention Is to provide an electrode for a crusher and a
crusher capabl e 4960 where g Haluegfahgycurrent sunpliast tathesenaxdal elscimode| osur e

of the | nveamii@indfeaebddbr Biteehsihgaheldiehey (Sva@yditiezd PfArashasd) of the
preseg1 I nvention .conppri,ses a ce t;{al condyct.or.e é ndi ng.al o a central
axi s ahd ﬁg{}?“ﬁleglrpyogﬁeepmﬁgﬂ%%ﬁ e@tﬁ‘?‘f"’;\c"g?cgﬁd‘?ﬁ Ei qrg&’rﬁa r arranged
on thﬁ ZP dsithergp eresisbhaic isatedhaabalswfthé harsmttvalte conthrehord. dhldus it

peri pheral . 0 se [ ti The

et i phor al 1S SRElClo AIERNGRY hirERe RCocley RSBl Lo BREREcbatefot o
arranged attha cogpad eléattnde hel by stmploitiweasingithetaferementiohedahrxiintect i on
of the centydhe. aKi the %M%xﬁdl'&guéﬁ’eﬂ, l*ehére?%fel,’%férﬁ%@ulftg%ﬁﬁ&bﬁﬂgarge IS

causeﬂ)obetwee a portion of the central conductor ated on an ehd of the

el ectibde M$rioam grupipag bynacesasing the energwutibized fepershdnguct or arr anged

closer to this &k piientaneatti®habbesHRRbpESED @ bRRrabeelvoff for a
crusher and this current flows between the central conductor serving as a
center el e@f?%e%%@l?cﬁgr%eﬁb@i“a@ QgJeEi)ﬁgmﬁ Breseaf KRN 1s g‘ér i pher al
el ectrode. phosileoal ebticsxiiterfge a crusher and a crusher capable of increasing
energy utilized for crushing.
15 _
Disclosure of the Invention _ _ :

An electrode for a crusher according to an aspect of the present
mvention comprises a central conductor extending along a central axis and
having an outer peripheral surface, an insulating member arranged on the

20 outer peripheral surface of the central conductor, and a peripheral
conductor arranged to enclose the insulating member. The peripheral
conductor includes a first conductor and a second conductor arranged at a -
space from the first conductor in the extensional direction of the central
axis.

25 According to this structure, a first discharge is caused between a
portion of the central conductor located on an end of the electrode for a
crusher and either the first or second conductor arranged closer to this end
when a current is supplied to the electrode for a crusher and this current
flows between the central conductor serving as a center electrode and the

30 peripheral conductor serving as a peripheral electrode. A second discharge
is caused also between the first conductor and the second conductor. In
other words, discharges are caused on at least two portions in the electrode
according to the present invention, while a discharge is caused in only a

-3



_is caused al so between the first conductor and the second conductor. In

.other words, discharges are caused on at |east two portions in the

i\

A}

el ectrode according to the present invention, while a discharge is caused

"inonly a -3 single portion of an end in the conventional electrode. The

nunber of portions causing discharges is so increased that discharge

resi stance can be increased beyond that in the prior art in response to

t he nunber of discharge portions when setting the current to a constant

val ue. Hence, 5 the energy utilized for crushing can be reliably increased

beyond that in the prior art. Therefore, the ability (crushability) of the
crusher can be increased. In general, the discharge resistance is small as
conpar ed wi single pertiespfanend mfthelm)ntwatmhlal electrade. afithe membesefof t he

di schar ge rpaiehANfisif mgﬁ;gés R n@P8asell IR dieBnERTRALEM A L B0

resi st ance e ove a ence Crus ¢e cah
i ncreased winchegede ihatha th§|wmrt3nm¢n%®m numheme)fel ectrode

for a crushgiscRars ﬁéﬂﬂ)dsowh@ﬁ séft?ﬁf'ﬁﬁé‘%hﬂ%@ t@%‘)&ﬁfstant {/al'u% PrEgdisdeab! €

t hat the ce tral condtlLﬁ; i ncl udes an a.b Sf:%l sc arg?@ﬁand t he

first fondu eoe;nqrgyd.} ?Fd%ﬁ?rcﬂr% & A éhﬂ Ynmtcﬁ%a kayogdsihstan the

gi rection o;?nbhart:erﬂ‘haiefmg shaaﬁﬂitpc(bm@&tﬁbty) ofite drﬁshé#ecaxebéenm onal .
irection o nt ion t hese Bot
ends of rhemet P 0 ThRer RS BB e 30 Ersioer sl ob TR asEd igh
smal | di arretlalsem%tadce héth@gvezmlﬂrmrtdubam\deenrmmfethdshsdhaﬁge refistamce
conductor p VA9

ety [OFSEE bk A6 A AN (el thef B a?*%gé B B0t o een

S C It f (
the  ®8ni r arehcaRd Benre e ing foraecanae inarensed houtchangingthe and a
second di sghabfa powerddbuede bet ween the first conductor and t he second

hold the iirst ot B BRCHe RGP CERINRCACCORIE (b AISAERERtGRed ebPegi on
hel d bet weeit is potferablésthat thbeefitrad 'R:oﬁdﬂdl@@tlﬁéluld%s raeal @id ¢ghsingner eased, the
i Schar go. caeate st e M EARI8EROF abrig BB o BT BT S e
rel ati¥el y ¢xtegsiogiaiditestion of the central axis and 1ncludes both ends in the
- extensional direction of the central axis and a region held between these
ends. Both ends of the first conductor preferably have portions having
relatively small diameters, and the region held between both ends of the
first conductor preferably includes a portion having a relatively large
20 diameter.
In this case, it follows that a first discharge is caused between the
= central conductor located on the end and the first conductor, and a second
discharge is caused between the first conductor and the second conductor.
- In other words, the first and second discharges are caused to hold the first
25 conductor therebetween. When the diameter of the region held between
‘both ends of the first conductor is relatively increased, the region causing
the first discharge and the region causing the second discharge can be
isolated from each other by the portion having the relatively large diameter.
 Consequently, the first discharge and the second discharge can be
30 prevented from interfering with each other. Thus, the number of
discharge portions can be prevented from reduction caused by integration
of arcs resulting from the first and second discharges, whereby the
discharge resistance can be prevented from reduction. Therefore, the
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..Consequently, the first discharge and the second di scharge can be 30
_prevented frominterfering with each other. Thus, the nunber of discharge
portions can be prevented fromreduction caused by integration of arcs
*resulting fromthe first and second di scharges, whereby the discharge
resi stance can be prevented fromreduction. Therefore, the -4 ability of
the crusher can be reliably inproved. In the electrode for a crusher
according to the aforenenti oned aspect, a projection is preferably forned
on at |east either one of the first and second conductors. 5 In this case,
projections are so formed on the first and second conductors that charges
can be concentrated to the projections when a current is supplied to the
el ectrode. abhlity oflilsctrarshes canbehelipbdy énenévenl.| y caused on the portions

f dwth th ' o) T f . the,. it f th '
_causing the i sdRaecabtanle FEERIS: ad OFnB T8 el Renifpfd dbRat
posi tions of pradiectiomjeprdaferably formaed onl atdensdeither one of tishArstaawdr di ng t o

t he aforen%@{:&ugd{l@gnﬁ&?g., the projection may include a first projection
-formed on either. one of the first and second conductors and a second
~ projection formBd W1s sag Jreleshongiare sp dprmed om thecfivsd aind saconfl the fir st

proj ecti on doRduBsorsithatth£FgRRtdadl belSorftiehFdte@Rothe pi8jeetibhs haxhs on at
conduct ors. V\hﬁ{] thei: first

| east either one of the fiirst and secon

di schar ge &NET{HSSSAPR doﬁosti‘ﬁaﬁliﬁgr‘é‘&% 2‘5@% Sehaxges canfe praferanially cal
Iposijt i ons icausbe oni themdreimﬁetfbﬁhﬁdiwiehtthelprﬁfec}:ibﬁs. C@hbg@fbrﬁnh%, this hmiy
ead to su . .t hat the c J.n,the first 20,di scharge and the
arc in the%sbesg%%gg |{si}éehnlge%§(§elpsa¢aeus(§8ﬁ%§8t %F*’(ﬁrﬁF%ﬁ?‘é{b&o%rb“iﬁPf‘Ayé}ﬁéﬂg% her .
Wien kthe arhyschanging thempositions efstherprogéctivnes: ges are integrated with each
other, .this resyht$e I ' '

di scharge i caggle%_le: ﬂegﬁgagrﬁﬁ rbf(;ﬁci%ffé]Er o%cggf_dgggst%r%g%%rﬁ%ng%%é&ggﬁ?ﬁti lized
for crushi ﬁgeipg%eé&ll@eeraay anclnded Brstgprojeatinn formas ow either enegddhe Sirst

crusher, haeuslsscondhonbuttdrs aRfdoh 864drp ASEctidie fHRATADNEN Y Bosifibhon are

formed on ddjhfe%netnftrogloﬁlletf)&ri]aorll of ttﬁg first projection in the circumferential
15 direction of the central axis on at least either one of the first and second

conductors. _

When the first discharge and the second discharge are caused on
substantially identical positions in the circumferential direction of the
central axis, this may lead to such a phenomenon that the arc in the first

20 discharge and the arc in the second discharge are connected (integrated)
with each other. When the arcs of the first and second discharges are
integrated with each other, this results in a state similar to that where only
a single discharge is caused in the electrode for a crusher and the energy
utilized for crushing is reduced. |

25 According to the inventive electrode for a crusher, however, the first
projection and the second projection are formed on different posttions in the
circumferential direction of the central axis, whereby a discharge caused on
the portion formed with the first projection and another discharge caused
on the portion formed with the second projection can take place on different

30 positions in the circumferential direction of the central axis. Therefore,
when the first projection is formed on a region facing the end of the
electrode for a crusher in the first or second conductor located closer to the
end of the electrode for a crusher and the second projection is formed on a
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_.circunferential direction of the central axis, whereby a discharge caused
~on the portion formed with the first projection and anot her di scharge
caused on the portion formed with the second projection can take place on

“'different 30 positions in the circunferential direction of the central

axis. Therefore, when the first projection is formed on a region facing
the end of the electrode for a crusher in the first or second conductor
| ocated closer to the end of the electrode for a crusher and the second
projection is formed on a -5 region facing the first conductor in the

second conductor, for exanple, the first discharge caused on the end of
the el ectrode for a crusher corresponds to the aforenentioned discharge

| anddt hte seqegﬂ)rﬂfa%nggaﬂ?@ﬁ?w@ﬁmmxv\ﬁﬁfhe ééwnﬂldoﬁﬂu@w}dwﬁ@faxﬁmé the second .
conduct or GOr[&s S to or i one i scha
- Consequent Ict?fsE ﬁh%?‘ﬁg%f:aﬁ FE% e&ﬁg‘)‘ﬂ el%&ﬁ%‘iﬁj %.%H%%&é%e%ssané%used

on differertb tbesaifoﬂemmmmoned]dlschacgmﬁadethblsaboncﬂ disehtirge cadsddeetewsely al
axis reSpe(i}xg\fﬁ{SYC%f&u&of ld,lntth’e §e|38n3 aﬂgcgog%oixlesﬁ 9%3%\ ar g€ and the arc

-in the secon |on I nt egration).

Ther efr e, atfwee%w&rlgnyedmtherz@éclimecr &ngaegueaﬂyiﬁlebﬁrqircbsdmm@ dnrthe
reduction reagsd Hfﬁlhfaié’érbﬁﬁ’ PREGSEA o diltfieerd ﬁ§sﬁ1'8n§ B8 thbichRunfRtesE

di scharges.,.The. i nvent or made experipents and sfudies as to |scﬁ§rge
phenonena iireqtioney r‘i%’ér x1§ TeFRROGELY + ASBIASRLL: Hee ARt Ibthefrst

recogni ti ondisdhagelaal tderd @ the %c@ﬁﬂ%s@%@é@hﬂ%éﬁrédéﬂtéﬂ g%@nt i nvention
15 causes a Iurall% ha es n a.single electrode for, a crusher
thereby i@ Bﬁgll% %ﬁsﬂ@?{m’éy 8 ’flk?re'%errﬂiﬂ ﬁff dg&’ cruslung gan g
necesHhry the pievdnpshfient kgdm;mer@mtmgdkom)conhedmn héithearcsihetled ore, the
I nvent or h%rsagg égg%%gc%gﬁggg phenonena in the electrode for a crusher

I n detail con 'ons for independently Stabl}é causing a
plurality of 20 ’Hl%mmageghaﬁmaﬂejememmem@endmndwstgs tohdis¢lmaxget or, an

arc result 'ﬁlfbnofn{éﬁﬂ fh %ééfé%fx%‘ae%ﬁ arcﬁhéhél" %X)b%éﬁ't! fgﬂ%%ﬁ ely after

starting the di.schar di scharge was cause the first and
second corf§ERETHHON: f %ﬁl%w&laﬁtap foma crasheraaqcorBertsths RIeseMaveRtiane t he
size ¥ thicauses & pdueavityi éﬂdﬂsﬂmgte@ 18QEIngXd eRttrodetfbeacenthied titoreby
direction. 1\1/1%]1‘eea51rpg the energy utilized for crushing, and hence it is necessary to
mdependently cause a plurality of discharges. Therefore, the inventor has
observed discharge phenomena in the electrode for a crusher in detail, and
studied conditions for independently stably causing a plurality of
20 discharges. According to experiments by the inventor, an arc resulting
from a discharge was relatively small immediately after starting the
discharge when the discharge was caused between the first and second
conductors, for example, in the electrode for a crusher, while the size of this
arc grew with time to some extent in the central axis direction. When the
25 size of the arc was increased to some extent, the size of the arc thereafter
remained substantially unchanged. Ends of the arc having such a stable
size reached positions penetrating onto the first and second conductors by a
length of about 10 mm from ends of the first and second conductors in a
direction along the central axis. The length (arc extension length) of the
30 arc extending from the ends of the first and second conductors onto the first
and second conductors remained substantially unchanged also when the
voltage of the power source employed for crushing or the shape of or the
material for the electrode for a crusher was changed, if the lengths of the



.25 size of the arc was increased to sone. extent, the size of the arc
_thereafter. remained substantially unchanged. Ends of the arc having such
a stable size reached positions penetrating onto the first and second

*‘conductors by a length of about 10 mmfromends of the first and second

conductors in a direction along the central axis. The length (arc
extension length) of the 30 arc extending fromthe ends of the first and
second conductors onto the first and second conductors renained
substantially unchanged al so when the voltage of the power source enpl oyed
for crushing or the shape of or the material for the electrode for a
crusher was changed, if the lengths of the -6 first and second conductors
al ong the clrdtraald sedoaddionduictaas aleng the véihiral arid direditsreased. Wen the

| engt hs of | LRS- econd conductors in the central axis direction
-were set sﬁ%pﬁé%“ﬁﬁéﬁﬁ%ga%%g on the other hand, the arc 5 extension |ength

was limted to tWheneths lengths ofithd first anth decadoron ductosuat thresceattralhe

maxi mum  angh; hici I r I , energy
“(energ utlﬁggﬁrﬁzng?ggﬂf gmggrreli'tsB}g%rgrigydlttﬂgﬂv%esd(}%?%%%\nggﬁ%% | er than

that i® t he®X8BEORHEREth Mrasimitads o thedgnethyefathe fiystiand sesagdhs of the
first and sesehgtaendutieanaxifublaPiid &kc @¥18 not QudhidieftlyBrodr e mmel | er

than 10 mm t arcs are readily connegted with each oth en the arc
resul ting f?‘b‘ﬁ\ﬁ)? ﬁgatle'r PRETEY é&ﬁégbé‘t%ﬁtf%c%ﬂ 1?5%?9‘%5‘1%3‘?;’3’& t he second
di scham[ ge aathgscllﬁmg_eedas _Bnmikértﬂhﬁﬁlst}fdt?ﬁ&lhb@aS@@dheQb ke drd s}xf@ciexﬁtly gTew.
circunferentia | o) centr aXi,S. nsequen ener
utilized for cr u@ﬁ?‘ﬁg%ﬁ‘dﬁ éfa%\?%]fsi %chnflézaﬂgﬁatsoglgé% t#‘ﬁ%{sﬂfrﬁ@é‘&. g>1/5.
On t hé0basi direftiguere swedkpnithaonl bmheve avesndrerseatily doamgttedowitit eadnst

ei ther one oot Rehdd fpd a?@%ﬁ?ﬁﬁggﬁ&ﬁnﬂé(ﬁﬁﬁ ﬁiécia?égfaﬁﬁatl?ﬂeyal%tregggcﬁ%10 m

in the extensiqQnal direction o e central axis rn the el ectrode ra
crusher ackkergthfgsacendischarngenrapomed oaspesitions glospite eagh @thenin thes of

(e e g e e aw oot 5 ) 0,
i ncr eased. Yﬁh?ﬁ£%EVéP§£UH%”?@g%ggePﬁgﬁ@PSg@E@P&PaéH?bg¥ aséPé?eﬁentioned Y
aspecl On the basis of such recognition of the inventor, the length of at least

either one of the first and second conductors is preferably at least 10 mm in

the extensional direction of the central axis in the electrode for a crusher

according to the aforementioned aspect.

In this case, the arcs of the discharges can be sufficiently enlarged in

20 the direction along the central axis, whereby the energy utilized for
crushing can be sufficiently increased. .

In the electrode for a crusher according to the aforementioned aspect,
the length of at least either one of the first and second conductors is more
preferably at least 20 mm in the extensional direction of the central axis.

25 If the length of the first conductor in the extensional direction of the
central axis is set to at least 20 mm in this case, for example, the two arcs
can be sufficiently grown in independent states also when the two arcs
generated on both ends of the first conductor are formed on positions close
to each other in the circumferential direction of the central axis. In other

30 words, integration of the arcs of the first and second discharges can be
reliably prevented, while the energy utilized for crushing can be increased
by sufficiently grdwing the arcs.

In the electrode for a crusher according to the aforementioned aspect,
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_.the length of at |east either one of the first and second conductors is
.more preferably at least 20 nmin the extensional direction of the central
axis. 25 If the length of the first conductor in the extensional direction

'of the central axis is set to at least 20 mmin this case, for exanple,

the two arcs can be sufficiently grown in independent states al so when the
two arcs generated on both ends of the first conductor are fornmed on
positions close to each other in the circunferential direction of the
central axis. In other 30 words, integration of the arcs of the first and
second di scharges can be reliably prevented, while the energy utilized for
crushing can be increased by sufficiently growng the arcs. In the '

el ect L odeI fthe prriphtsht bo@@@ar)ﬂm irﬁ;lﬁ@@ aaiaarse rasggta'tdznﬁdnals @@l@du(%tor 7 the
eri pheral con na clu additional con or
: gr r aP\ged atarﬁagg%(i% Ar3 5’?/?\(:? 50'32581‘?8(3 ‘f‘b‘gq i thee §§’1‘\§ rfﬁre"cﬂqnect i on

of the centofghearitral laxis. h| s case, a third discharge can be caused between

the second 5 conduhigkadd hif Akl analy 6AAUSAhcWEN higeasf L1 onal

~conductor inclu ductor's orrre ace ourth and

fifth5 di sceadyewramd glee ﬁdd{tmal@anéudtorCoH\éle@fuém IayldltWIealohOSldhlat(ge
resi stance jngRieB% HHIraliey of HM(PLY&QI‘S F&i‘ﬂfe%bé(t &'3 afNEbYtHAh firgag for

crushing c furth ncr eased n the e crusher
accor di ng %S@Wég&?aﬁei&#‘ﬁ a&!ssﬁgct Onée%‘ﬂ‘?}j‘@)i’t‘i&k?n&‘#ﬁéa% ¥eSistaacedn at
| east one wandwcfintheeimpiedkd, mdierabgitheenee@natidizedFoptridtinkicaatbe
conduct or, ﬁl?ﬂwsrec nd canductor and the additional conductor. In this

case, charges tanbe-CShcentrated to the projection when a 15 current is
suppli®d to the lal ﬁmteledlarode faiha cedsrer, acaoxtlingliarthe afarementipned aspett| aI |y
caused on t C 0,

the region J;grcgé’éﬁéx?ﬁgﬁfﬁ@?ﬁr%%t}%%ﬁ%%tgdr {drn ;ﬁrﬁcf&héﬁecttgggr%ﬂ égﬁdlﬁgl ng
the positi Gﬁn&SttﬂfeOfpﬁhﬂ feraticonducters the %QCQDdrC@déufitﬂT and Bédltmm%dr ding to
t he af or emg@hidapgsd aspect, 20 the projection nmay project in a direction

substanti al | rall.el to the
y paIn this case, charges can be concentrated to the projection when a

15 current is supplied to the electrode. Therefore, a discharge can be
preferentially caused on the portion formed with the projection. Thus, the
position of the region causing the discharge can be arb1trar11y changed by
changing the position of the projection.

In the electrode for a crusher according to the aforementioned aspect,

20 the projection may project in a direction substantially parallel to the
extensional direction of the central axis.

In this case, the distance between the first and second conductors in
the extensional direction of the central axis or the distance between the
central conductor and either one of the first and second conductors in the

25 extensional direction of the central axis can be locally reduced. Therefore,
a discharge can be preferentially caused on the portion formed with the
projection. Thus, the position of the region causing the discharge can be
arbitrarily changed by changing the position of the projection.

In the electrode for a crusher according to the aforementioned aspect,

30 the projection may project in the radial direction of the central axis.

In this case, the shape of the first or second conductor in the radial
direction of the central axis can be rendered ununiform due to formation of
the projection, whereby the region for causing the discharge can be
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_.extensional direction of the central axis. In this case, the.distance
_between the first and second conductors in the extensional direction of
the central axis or the distance between the central conductor and either
‘one of the first and second conductors in the 25 extensional direction of
the central axis can be locally reduced. Therefore, a discharge can be
preferentially caused on the portion forned with the projection. Thus, the
position .of the region causing the discharge can be arbitrarily changed by
changing the position of the projection. In the electrode for a crusher
according to the aforenenti oned aspect, 30 the projection may project in
the radial direction of the central axis. In this case, the shape of the
first or secbimtaribydhahged by chheagimgltlad positivacdfithe prbjddtwncent ral axi s can

be rendered ununif 0 hon of .he .projpecti on, whereby the
el on for e MaRdbis ol £00f BRIR Reordifle B 1Re HEb Ren AR E8%del i g
the positi dhedfroielﬁéloprmjaeancblde aﬁmﬂmmcemmrfmdme‘dﬂn anercostectoaccor ding to
“the af or ena@ldcpa® trods RRE fero Ise@nsggghgfotfltﬁa HIRY o HEP theldetGha Pr O €ction

forme on one .conduct ecte € group consi'sting of the first
condu Cpﬁéug@écﬁmf @%6&6&5&@ caRAUEI9E ARToR el PEQIAGHih Brrmattion asecond
proj ect | on p‘o@fﬂﬂ(ﬁddiﬁﬁe@ntrfﬁﬁhtth@fbo@itidrﬁbﬁﬂie hirsprohetioesid tign of the first

t t 01 t d ft tral t
ookt one. couimearStaEHEFuET of Bhe ERAH) ol Bricaet RRe SRARoR: o1

conduct or, sehﬂmeéfummthegmdmptmm$andguﬁeha&ﬂstcmnhkmonanQ&QOndlo In this
case, the f'oﬁﬁhcﬂfrair?&E*%Qdﬁﬂﬂ;&aﬁ?oﬁﬁﬁ?ﬂ&g projection are formed on
e

di fferent positi ren direction of the central axis,
wher e} a di schdngdis gasedhefirshpreiectionanddhesecond projestibnrare formpdct i on
and anot heronddﬂ“f@i@flgﬁoﬁ%@qnctﬂetc@&ulﬁ?ﬂ’e%ﬂﬁaf &fr@@ﬁlor‘f"'of B BEnGRr R,

projection d on different p03|t| ns In circunferential 15
direction df ? a’csfc RTg& fRUSe g} g?‘bpém%ih med Wlﬂh@l%lﬁﬁqm@ R an
arc in thema aﬁ@twrsﬁbamgeeans@&oﬁrtﬁwbtraenffbﬂﬁba%mmhb@éc&m@t egration).

Consequent | e ener | er us reyent from
reducti on rpég{ﬁcpll%gcaﬂ@%\ ?ﬁde tpf?él %ﬂ"% H'i%(&r&f ¥ and the arc
15 direction of the central axis. Therefore, an arc in the d1scharge and an arc

in the other discharge can be preve_nted from connection (integration). -
Consequently, the energy utilized for erushing can be prevented from
reduction resulting from connection of the arc in the discharge and the arc
in the other discharge.

20 In the electrode for a crusher according to the aforementioned aspect,
the length of at least one conductor selected from a group consisting of the
first conductor, the second conductor and the additional conductor is
preferably at least 10 mm in the extensional direction of the central axis.

In this case, the arc of the discharge can be sufficiently enlarged in

25 the direction along the central axis in any of the first conductor, the second
conductor and the additional conductor having the length of at least 10 mm:.
Thus, the energy utilized for crushing can be sufficiently increased.

In the electrode for a crusher according to the aforementioned aspect,
the length of at least one conductor selected from the group consisting of

30 the first conductor, the second conductor and the additional conductor is
more preferably at least 20 mm.

If the length of the second conductor in the extensional direction of
the central axis is set to at least 20 mm in this case, for example, two arcs



_.in the other discharge. 20 In the electrode for a crusher according to the
_aforenentioned aspect, the length of at |east one conductor selected from
a group consisting of the first conductor, the second conductor and the
‘addi ti onal conductor is preferably at least 10 mmin the extensional
direction of the central axis. In this case, the arc of the discharge can
be sufficiently enlarged in 25 the direction along the central axis in any
of the first conductor, the second conductor and the additional. conductor
having the length of at least 10 nm Thus, the energy utilized for
crushing can be sufficiently increased. In the electrode for a crusher
according to the aforenentioned aspect, the length of at |east one

conduct or sminck¢ edfficiemtly lgrowndnpndepsndéntngtadés BDthdsedondsdonduatbict or, t he

second con 1di ti.on conductor _i.s., nore preferably at | east
220 mm 1 f ?‘ﬂ‘g‘hﬁé%g{lﬂ‘%% ?%%s?}eségﬁgé E%s#gﬁggﬁoqlﬁnttﬁ%ra&aneﬂgp%qn $ection
of the cerftfafrepdasised ovehotherads dfghetsepondupnductor arefgemed on exanpl e,

[wo arcs  -ghsAbnbelosehb katiather 8 Gk uhidBRENT BechbA! EnkRehfiBSeCONd

-~conducjor w.th po reduction of resistance resulting rromintegration also
when the taBSar B ofhgrsuards thearce sawsest on hetls engef conaerarst canductor med

on positi ong thedske ton daclliablieprdventb@ ffom @Hf@‘g@éﬁahi #hildl th%‘-‘ériéi*?KOf the
words, two arcs,cau . f e second

central 5 axi.s. %P ot hey . on]r bot h .engf1 0

conduct or ‘btt"ﬁf% 9 ESQW%@PEW%@%P@ FEDENRROMANE PEATEH, whil e
the energy utillmzge électrodedtn agreshrerbsccordingaoat efosethéntiored lagpertpwi ng
the arcs. Ia .t r f e i t I. i_oned
nopect ¢ ribeentFAIRRGAL: Mhy o fRudR P EyARHR0 ToRlutr, 3fa ThEGF R e

i nsul B i ng memhesay coptain enflexiblenfdtexiabl e material . In an operation of

crushing rock oryg hg ohbk@bio@@fi:fﬁ%‘?ﬁﬁg%é’k 8t tRe ]itkreaﬂﬁ‘iﬁfpsaecltbg‘?a%gpl led to

the electrode. Wien the electrode fof a crusher has_a certain gree of
f1 exi bi | i t yTABEVeISebhke apehesnihe glasteadey c Wihenthe elqgtrodeson a emysher
transver se hapacertaan dl@gr@b@fbﬂ@aﬁﬂm[y dled ey R hfReflentidBed StRIAGYE DElE,
wher eby such.an ac&hd«%nt that the el ect {)ogg Ig,ré) larclg}gﬁn le t he 4 rHJact can be
prevent ed. ‘Thefai%ra® Ynsverselmpagtcanpe apserbe gformation of the
15 electrode, whereby such an accident that the electrode is broken by the
impact can be prevented. Therefore, the life of the electrode can be
increased. '
A crusher according to another aspect of the present invention
comprises the electrode for a crusher according to the aforementioned
20 aspect. '
In this case, a crusher having high crushability can be readily
obtained.

Brief Description of the Drawings
25 Fig. 11is a model diagram for illustrating the device structure of an
electrode for a crusher and a crusher employing the electrode for a crushér
according to a first embodiment of the present invention.
Fig. 2 is a partially enlarged model diagram showing the forward end
of the electrode for a crusher shown in Fig. 1. | :
30 Fig. 3 is an enlarged schematic perspective view showing the forward
end of the electrode for a crusher shown in Fig. 1.
Fig. 4 is a schematic sectional view of the electrode for a crusher
shown in Fig. 2.
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_.increased. A crusher according to another aspect of the present invention
_conprises the electrode for a crusher according to the aforenentioned 20
aspect. In this case, a crusher having high crushability can be readily

" ‘obtained. Brief Description of the Drawings 25 Fig. 1 is a nodel diagram
for illustrating the device structure of an electrode for a crusher and a
crusher enploying the electrode for a crusher according to a first

enbodi ment of the present invention. Fig. 2 is a partially enlarged nodel
di agram showi ng the forward end of the electrode for a crusher shown in
Fig. 1. 30 Fig. 3 is an enlarged schematic perspective view show ng the
forward end of the electrode for a crusher shown in Fig. 1. Fig. 4is a

schematic secti dhigl 5\ avpaftidlheeslaeged Qﬁﬁiél@lia@raﬁﬁlsh‘b&fﬁng%@ﬂm in Fig. 2.

-10 Fig. 5 nl.ar ged nodel ,di agram shaw n I rst
-rmdlflcatlorhgg'&w%he e‘?‘lelh[% gﬁcetr?(g‘?gg 3 Fiiisher s %193%"} 185 3“"{1 to 4. Fig. 6
is a schematic déigt baaal schleavatmsﬂmtmgladivmshdwmgi|afsecandmmod1ﬁcat1bn of
electrode It doGiobdfr PO ShEWEm Fidd 1o £ F10- 7 15 @ partially

S e

“enl arged nodel diagram an elec for  a crusher according to a
second® enbodi rrerﬂ‘lgoﬁ 1p ﬁ@qfﬂ@gfnenham@chmdel diagrang Shgwan@antelamryd@gmar ged
T LA Sk o o oA g okt 1,
SI agr am showi ngk@%p@ 1@&925& yo?nlaiée‘gng‘?qgﬁlé?g%’géila?"’%@g %8 eq:tgg&? ffor
enbodi nent aérusher pcesenh g mnetmrd)emb!ﬁdgngﬁﬂof thapseseabmhventieet i onal view
secti onal vi cw o3 P PERLlY SRAPrd Rqds diferapm naring ApCFSPAR Eer user
shownlQ n Fuagsrus@eamthmngso gifgurtivembodirmentofhithepsmsent amedntvorew showi ng a
second nodi ficatgign g js a schematic sectional view of the electrode for a crusher
shown 1n Fig. 9.
Fig. 11 is a schematic sectional view showing a first modification of
the electrode for a crusher shown in Figs. 9 and 10.
15 Fig. 12 is a schematic sectional view showing a second modification
of the electrode for a crusher shown in Figs. 9 and 10.
Fig. 13 1s a partially enlarged model diagram showing a third
modification of the electrode for a crusher shown in Figs. 9 and 10.
Fig. 14 is a schematic perspective view showing an electrode for a
20 crusher according to a fifth embodiment of the present invention.
Fig. 15 is a schematic sectional view of the electrode for a crusher
shown in Fig. 14.
Fig. 16 is a model diagram showing a modification of the electrode
for a crusher according to the fifth embodiment shown in Figs. 14 and 15.
25 Fig. 17 i1s a model diagram showing an electrode for a crusher
employed for an experiment.
Fig. 18 is a model diagram showing a state causing discharges in the
experiment.
Fig. 19 is a model diagram showing a conventional crusher.
30 Fig. 20 is a model diagram showing the basic structure of the crusher
shown in Fig. 19.
Fig. 21 is a partially enlarged model diagram showing.the forward
end of the electrode shown in Fig. 20.
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~.of the electrode for a crusher shown in Figs. 9 and 10. Fig. 13 is a
_partially enlarged nodel diagramshowing a third nodification of the

el ectrode for a crusher shown in Figs. 9 and 10. Fig. 14 is a schematic
‘perspective view showing an electrode for a 20 crusher according to a
fifth enbodi nent of the present invention. Fig. 15 is a schematic sectional
view of the electrode for a crusher shown in Fig. 14. Fig. 16 is a nodel
di agram showi ng a nodi fication of the electrode for a crusher according to
the fifth enbodi mrent shown in Figs. 14 and 15. 25 Fig. 17 is a nodel

di agram show ng an el ectrode for a crusher enployed for an experinent. Fig.
18 is a nodel diagramshowi ng a state causing discharges in the

experinment. Fig. 19 is a nodel diagram show ng a conventional crusher. 30

Fig. 20 is [ structure of the crusher
BeSPHRIded f@ﬂ%ﬂﬁﬁg‘%ﬁggﬁé‘ﬁ\b&&i

-shown in Fig. y enl’arged nodel di agram show ng the
forward end of Eﬁ@@é@ﬁ@@éthﬁﬁmam iavention are npwidescriltagewittor Carryi ng

Qut the |nVﬁé’fbi*é3fteEM@ldI%%ﬁ gf Iﬁ‘@h@f&fcﬁﬁ%g‘d}‘é%h nld%%mafg descri bed
“with . Beferencet .he dr In the foll ow ng draw ngs en cal or 5

cor r esfondi FYTHRAIBEP Y B’E"e epgtediky theamepgteappee HHH%BF $a

r edundant deahmdnntcxieslcmpmmh isapatepdatdd-i r st Enbodi ment) An el ectrode for
a crusher and a §t2ﬁ taon(%ﬁord gtoafirst enbodinment of the present

i nvention are deScribed erence to Figs. 1 10 to 4. Referring to
Figs. 1 to 4, thAnclestirede facacdishprtand herpskeaeatcordimgetota fimsttonpri ses a

coaxial el eﬁx‘n ggﬁ?%xé ﬁiﬂeﬁfesBB‘é"%ve?&%?gr@deé’crﬂf"éP thsPéﬁePeenc% tt%rif'lﬁcl Ldi ng

coaxi al cab power ‘source b Consi ClTcui
a capéeltor ®4. a svmtch 7 and the like. The power source 9

Referring to Figs. 1 to 4, the crusher according to the present
invention comprises a coaxial electrode 1, a pulse power source 6, a power
source 9 and a coaxial cable 5. The pulse power source 6 consists of a
circuit including a capacitor 8, a switch 7 and the like. The power source 9
15 1s connected to the pulse power source 6. The circuit of the pulse power
- source 6 is grounded. The coaxial electrode 1 which is the electrode for a
crusher is connected to the pulse power source 6 through the coaxial cable 5.
The coaxial electrode 1 comprises a center electrode 12 serving as a central
conductor extending along a central axis, an insulator 13 serving as an
20 insulating member arranged on the outer peripheral surface of this center
electrode 12, and a peripheral electrode 15 serving as a peripheral
conductor arranged on the outer peripheral surface of this insulator 13.
The coaxial electrode 1 is inserted in a preliminary hole 10 formed in a
crushed object 2 such as rock. Water 11 serving as en electrolyte is
25 = arranged in the preliminary hole 10. An end of the center electrode 12
projects from the forward end 16 of the coaxial electrode 1. The peripheral
electrode 15 includes a peripheral electrode part 14a serving as a first
conductor located closer to the forward end 16 and a peripheral electrode
part 14b serving as a second conductor arranged at a space from this
30 peripheral electrode part 14a in the extensional direction of the central axis.
When the switch 7 of the pulse power source 6 is closed and charges
stored in the capacitor 8 are introduced into the coaxial electrode 1, a first
discharge is caused between the end of the center electrode 12 and the
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.15 is connected to the pul se power source 6. The circuit of the putse power
~source 6 is grounded. The coaxial electrode 1 which is the electrode for a
crusher is connected to the pul se power source 6 through the coaxial cable

-5, The coaxial electrode 1 conprises a center electrode 12 serving as a

central conductor extending along a central axis, an insulator 13 serving
as an 20 insul ating nenber arranged on the outer peripheral surface of this
center electrode 12, and a peripheral electrode 15 serving as a peripheral
conductor arranged on the outer peripheral surface of this insulator 13.
The coaxial electrode 1 is inserted in a prelimnary hole 10 fornmed in a
crushed object 2 such as rock. Water 11 serving as en electrolyte is 25
arranged i npérieh@radlel dvtr@adeyp el Bial Qo fé¥in @mdawef20.heA desdteirgeliechtoste 12
projects fr m?th for éd e.ngwlglaolf th@ coaé'& I eldet t rode 1.(5;[h§ er(H)heral
el ectrode 15°P REPYHEY YA° BEFPRSLF AP e61Tade PEY %%FP 1 RERAGEpL gleckrode o
conduct or |paEtledd, ¢o fomn apothéwarfo2@®ard end 16 and a peripheral el ectrode
part 14b servin r . l,§ 30 .
Paripheral el ectragy Har AR RO HE 18Em B0 L8 Bl B S A
axi s. Swenstwpdigditerthe copxialelenirede hsapringasribe dectzode ferea camghazhar ges
stored in thed CRRaIrk&hit BowEDetWbERTHE 8En iR ddedtREdE P28 tHR) S&hHpREMIL. a
first discharge,is_caused betwe ncﬁhehend of the é{fnt% el ect rode 12 and
the -12 per% BF’FSPQ‘F 18t edp 0% @WQF&S& gcharges grefcansedt at Hast A" har ge i s
caused al S@@ﬂmﬁg&h@%aﬁﬂlid@m&@de ¢laeedrdene toehé ptdsenaridveheionewhpleer al

el ectrode [t .to forym another arc.20,,Thus,, .t arcs 20. can be
formed as dbOITPALES SHoRHSARUHY Proons BRttionsof an endim thy GopveRuopal, o
el ect tode Icomenali elgetasde.heTké actmbeleoff mortmnsrcaskerg dmobargdssissor rent 1 ows

between theeemely tﬂa@?ﬁé&ﬁ%gé%e%@%xﬁ&%a‘?}eﬁé Hﬁ%?&ed BLestd ilPthd N ot her
wor ds, discharges are caused®at least on two portions In the coaxi al
el ectrode 1PHeR8rwhgnisetiing thesyaranti tovaeansiant vipluee, Asalteadyiarge is

caused onl yq&pritad, PRé bhefyodorRuntdW by MiddhArEOMESHoperabnat: (PR Rlue
G o horae  duaunehbs el g st Ay AWapL e PREens PBPLEA oo
ge r t*“when
settingy thetlmudoaaidl dlectzode@ndyatie dizkherge Festdthadeywhereby the energy (i.e.,
- the energy utilized for crushing) consumed by the discharges can be
reliably increased beyond that in the prior art. Therefore, the coaxial
electrode 1 serving as the electrode for a crusher and a crusher capable of
increasing crushability can be implemented.
20 A first modification of the electrode for a crusher shown in Figs. 1 to
4 is described with reference to Fig. 5.
Referring to Fig. 5, a coaxial electrode 1 which is the electrode for a
crusher basically has a structure similar to that of the coaxial electrode
shown in Figs. 1 to 4. In the coaxial electrode shown in Fig. 5, however, a
25 peripheral electrode 15 includes three peripheral electrode parts 14a to 14c.
The peripheral electrode parts 14a to 14c are arranged at spaces from each
other respectively. In this case, an effect similar to that of the coaxial
electrode shown in Figs. 1 to 4 can be attained while discharges can be
caused on three portions, i.e., between an end of a center electrode 12 and
30 the peripheral electrode part 14a, between the peripheral electrode part
14a and the peripheral electrode part 14b and between the peripheral
electrode part 14b and the peripheral electrode part 14c. Thus, discharge
resistance can be further improved, whereby energy emitted by discharges
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_.described, the energy consunmed by discharges is proportionate to the val ue
~obtained by multiplying the square of the value of the current supplied to
15 the coaxial electrode 1 by the discharge resistance, whereby the energy
‘(i.e., the energy utilized for crushing) consuned by the discharges can be
reliably increased beyond that in the prior art. Therefore, the coaxi al

el ectrode 1 serving as the electrode for a crusher and a crusher capabl e of
i ncreasing crushability can be inplenmented. 20 A first nodification of the
el ectrode for a crusher shown in Figs. 1 to 4 is described with reference
to Fig. 5. Referring to Fig. 5 a coaxial electrode 1 which is the

el ectrode for a crusher basically has a structure simlar to that of the
coaxi al el ea bedartlsranréaselli g€onsequeritly | thet dldlicpakitlaé cehgmirrcasiebeshown in
Fig. 5, ho ? ’% g?wﬁﬁrlpheral el ectrode 15 includes three peripheral
-electrode parts: Y48 The peripheral electrode parts 14a to 14c are
‘arranged at spadds rumheratthe petipheradsedrodepgrtsimayhiesfustlser, an ef f ect
sim | ar to1ﬂ&@&séﬁ f&rhﬁcfé%%’fﬁé‘lthe ﬁhﬁ%érqg%o%ﬂg chﬂsﬁi%ﬁxseﬂaf%f' §an be

attai ile di s har ges cgn11 e aused on t ree portions bet ween
an en f lééﬁtS%’r @8&%@ &c exas fwethgsimprayed. el ectr ode part 14a,
bet ween the per Apdeebad xﬁb@ﬁcmdﬁ d¥aht elddpoddforidieruzdier Rhetal incFRS! node

part 14b apd, betwe heral | egtrode part 14b and the peri pheral
el ectrode B ﬂﬁﬁcr?hl%(g@ ﬁ%ﬂ Geo I"ralgsﬁstance can be further inproved,

wher eby ener gy Referrowg UyF[H & laarogesal-el&ctrade beviiichtibeheichesteadeefdr a
Consequent Eﬁlshteli'%a‘gﬁdalﬂ P{a Bs‘tﬁ?céﬁfé‘ a?@d‘t}gaet c%fft‘l‘{ t&%hél‘@?é&&‘&i’e The
nunber of ft ectro I ncreased for

i ncr dsi ngsh%‘énnt} 5. b1t0 ﬁortH@ﬁ%veraasﬂmrgblmsjcmdgbgondlmctos 1fiBs case, the
ability of eﬁﬂﬂoféd@é‘ﬁrceh%exf él'é&ﬁ@ﬂe' ”Pﬁ?ﬁ?eq a'ﬁe?&ﬁl%rlﬁsﬁpﬂ'o; hgajfipn of the

el ectrode for, a crus er own i n i s descri ed wth reference
to Fig. 6. ralherrba E@roﬁ“&ret’,}b%ﬁ@hﬁefépﬁlﬁe Afean Inl@koL.s t he el ectrode

for a crusher Msemaiéchahg@s areséamgéuttﬁeaqjlmdwy éfp drifidinsff thBeogLAXi al

(il7e?:tsr ode e ectror&OV\f'm {h rall1 axi dﬁrectlon as 111 t}?e ]i)lrgsxeln llIeIVgItl 1(6}1? (iigqanconduct or
15 operation of crushing rock or the like, an impact may also transversely be

applied to the coaxial electrode 1. When employing the coaxial electrode 1
having a certain degree of flexibility as described above in this case, the
transverse impact can be absorbed by deformation of the coaxial cable 1.
Therefore, such an accident that the coaxial electrode 1 is broken by the

20 impact can be prevented. Thus, the life of the coaxial electrode 1 can be
increased.

(Second Embodiment)
An electrode for a crusher according to a second embodiment of the
present invention is described with reference to Fig. 7.

25 Referring to Fig. 7, a coaxial electrode 1 serving as the electrode for a
crusher basically has a structure similar to that of the coaxial electrode
shown in Figs. 1 to 4, while a diametrical convex portion 19 projecting in
the outer peripheral direction and extending in the circumferential
direction is formed on the central portion of a peripheral electrode part 14a.

30 In this case, it follows that a first discharge (arc 20) is caused
between a portion of a center electrode 12 located on an end of the coaxial
electrode 1 and the peripheral electrode part 14a serving as a first
conductor while a second discharge (arc 20) is caused between the
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_.enployed as a center electrode. Further, a flexible insulator 18 of a
_rubber-based insulator or urethane is enployed as an insulator. Wen

di scharges are caused on a plurality of portions of the coaxial electrode
"l in the central axis direction as in the present invention in an 15
operation of crushing rock or the |like, an inpact may al so transversely be
applied to the coaxial electrode 1. When enploying the coaxial electrode 1
having a certain degree of flexibility as described above in this case, the
transverse inpact can be absorbed by deformation of the coaxial cable 1.
Therefore, such an accident that the coaxial electrode 1 is broken by the
20 inmpact can be prevented. Thus, the life of the coaxial electrode 1 can

be mcgI easpehphé&ﬂ(ﬁhebtﬁstb@ﬁafﬂamd aﬁ\d aelb@ﬁph@ﬂﬂ eﬂ%!tr@dé? HENE4b 366@hEialg to
a second e r esent tion i escr rence
o R o7 SR orRlnck DS L SRSR s R Bd 0 @F%&gnfr%&%f)ﬁw@gﬁ@he

_electrode fmrlahetai@Mromparialzlaythmsbatweemct’D]nedsarmetmaltaonvbﬁt of the

coaxi al el egbhpferg ?@Pdﬁ%éc{‘h@rgﬁtuvjel%?née | r ec i*of%gjeélq%n%%ang in

“portion 19 projectin

the ci? cunflestatpendpoth ends ingthe extensional drremencmfr& ¢ea1trpbamon the a
peri pheral ﬁéﬁﬁhéﬁﬂ%l&%i‘édelﬁﬁrt 1430 sbithbPkBe ¢88i8n datusiﬂ’é 'tl?é‘"ﬁr&t{"&tscﬁaéiﬁi t2

di scharge (arg¢,20) is cause et wee ortion o ent e

| ocat edgon(%&éﬁﬁl)r‘églof‘tf@‘\?b%&ﬂé‘f Se‘-‘é’PBc‘Sﬁ@é%‘gf Gaxgbe h@ %’&51 ARy gacheptdierr ode
part 543 seirhmngha;hmdiamettncamad\ln@i lpbrtmdm Ie. a%@@gdeﬂﬂ?cﬂw@@s(marc I20) i's
caused bet e art 14a ri phera

el ectrode V\ge(rasp h&ﬁg fsoenf]I épﬁ%{ﬂs%%g%gg (ﬁ 2‘6’6%@% B?H% rPrSYﬁ%%% two arcs
20 ar &0 genelrné@@cﬁttfm hoThiu$ Hée munbehef disckhegs padeomaean bé@re'hmtedet ween.
The di anet rfr@ﬂx! rédiiYioh, WérlsB dl&:lﬂa?g%?éﬂ@fiax{c?é Ja‘?m'ﬁ(%] Y&l htbAGE&AS! N9 the

di anet er of regi on B e ween extenS|onaI direction
of a cent r arednefion; e %érﬂ’gﬁ@@b’é’f&@ ﬁb‘éﬁéleﬁeﬂaﬁl heyzeligk]ytimnroved. r egi on
causing the fi rs(t'r}ﬁm@nabg@lm@mgi the regi on causing the second di scharge

n i solated fro t her hr o his di r conve ortion
ig' légn!quuentl ez]% %?OZ crusher a%gordtl : g to altillrll}? e{ncbodlment o%(t}?

15 present 1nvent1on is described with reference to Fig. 8.

" Referring to Fig. 8, a coaxial electrode 1 serving as the electrode for a
crusher basically has a structure similar to that of the coaxial electrode
shown in Figs. 1 to 4, while a convex portion 21 serving as a projection
projecting in a direction substantially parallel to the extensional direction

20 of the central axis of a center electrode 12 is formed on a peripheral
electrode part 14b.
In this case, the convex portion 21 serving as the projection is formed
on the peripheral electrode part 14b so that the distance between a
peripheral electrode part 14a and the peripheral electrode part 14b can be
25 locally reduced when a current is supplied to the coaxial electrode 1,
whereby charges can be concentrated to this convex portion 21. ‘Therefore,
a discharge can be preferentially caused on the portion formed with this
convex portion 21. Thus, the position of the region causing the discharge
can be arbitrarily changed by changing the position of the convex portion
30 21.
The convex portion 21 may alternatively be formed on the peripheral
electrode part 14a, or may be formed on both of the peripheral electrode
parts 14a and 14b. Further, such convex portions 21 may be formed on a
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~resulting fromthe first and second di scharges can be prevented from 10
~integration. Thus, the nunber of discharge portions can be prevented from
reducti on, whereby di scharge resistance can be prevented from reduction.
‘Therefore, the ability of the crusher can be reliably inproved. (Third
Enbodi ment) An el ectrode for a crusher according to a third enbodi nent of
the 15 present invention is described with reference to Fig. 8. Referring
to Fig. 8, a coaxial electrode 1 serving as the electrode for a crusher
basically has a structure simlar to that of the coaxial electrode shown
in Figs. 1 to 4, while a convex portion 21 serving as a projection
projecting in a direction substantially parallel to the extensional
direction phuxdlityhd poetibnslalaxg ﬁle)éixaumémteemailchnédtmdle Fuuithef aheed on a

55" the prof2YREROTESh BE ey Bdve e o BT Buah Be AN GR TSy, T, ™
_the dist anébab@tsaé@haath@@ammlocag;a‘edud@tlpadlstanee hetvedrethuer i pher al
el ectrode P%}phyg él@@trgﬁe%%r{sog@é hﬁarﬁgyced when a current is supplied to

-the coqaxi a ei wher e rges can be concentrated to this
convex portion 242 @P’éf%ﬁ@nve’ﬁpﬂﬁ%@hm@’e e sormped pR & ROWN of the caused on

the porti opeflrphréeglr%vetﬂigaé ipairt Q@Q\ég%;e?% tahOéha?ldt,heTshh&é ex%&%n@&ﬁbtc'eﬁﬂexoz ht he
region caugj ﬁreo eoi(% :cﬁ ﬁ?&a%% ar, y c aqrj%e éc angi ngg e
posi tion of f LS SRS politE RstEen n

al t er nat i vdischaegé cambe ohrantgled MMephe:halceneéledbctndée ﬂaratndlﬂae or may be |
formed on t tr urther,
such conveggh&htg}%lnésl%?%gaé@Qg{ T%la%#ecglan%qﬁg t@%&}oﬁl&@ Ofﬁﬂsgzépor{l ons al ong
t he d0r cunberiaem i aFudﬁhe@ca|S@mﬂamﬂehér:antbleeattwred@lsqnwhanofwrmngdhehave a
shape ot Netod PNy bt bh 4% i BEUHE LG eMctrsiape SO far as the same can

| ocal ly reduce t hstancg-kmet ween e peri pheral electrode parts 14a and
14b. 5 In addit ?lurt BBkt |on may be formed on a portion of the

peripheral el ectmgiectradt farta cehsis@r adcor@dihgeitda (hira emhblediaxdinsifiibiet he

center present invention is described with reference to Figs. 9 and 10.

15 Referring to Figs. 9 and 10, a coaxial electrode 1 serving as the
electrode for a crusher basically has a structure similar to that of the
coaxial electrode shown in Figs. 1 to 4, while projections 22a and 22b
projecting in the radial direction of the central axis of a center electrode 122
are set on peripheral electrode parts 14a and 14b respectively.

20 The projections 22a and 22b consisting of conductors are formed with
threaded holes 25a and 25b respectively, as shown in Fig. 10. Further,
portions of the peripheral electrode parts 14a and 14b provided with the
projections 22a and 22b are formed with threaded holes 24a and 24b
respectively. A screw 23a inserted into the threaded hole 25a is inserted

25 into and fixed to the threaded hole 24a of the peripheral electrode part 14a;
thereby fixing the projection 22a to the peripheral electrode part 14a. A
screw 23b inserted into the threaded hole 25b is inserted into and fixed to
the threaded hole 24b of the peripheral electrode part 14b, thereby fixing
the projection 22b to the peripheral electrode part 14b.

30 In this case, the shapes of the peripheral electrode parts 14a and 14b
in the radial direction of the central axis can be non-circularized by forming
the projections 22a and 22b, whereby the positions of regions (regions
forming arcs) causing discharges can be arbitrarily changed by changing
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_.electrode 12) of the coaxial electrode 1. In this case, the position
.causing a discharge can be changed between the center electrode 12 and the
peri pheral electrode part 14a by changing the position of this convex 10
‘portion. Further, a simlar effect can be attained al so when form ng the
convex portion on an end of the center electrode 12. (Fourth Enbodi nent) An
el ectrode for a crusher according to a third enbodi nent of the present

i nvention is described with reference to Figs. 9 and 10. 15 Referring to
Figs. 9 and 10, a coaxial electrode 1 serving as the electrode for a
crusher basically has a structure simlar to that of the coaxial electrode
shown in Figs. 1 to 4, while projections 22a and 22b projecting in the
radi al di r e bositions ofishe pnojeations 28acnda22lent er el ectrode 122 are set on

peripheral el echrpde @d]yig a %gﬁ t | egtions 22a
-and 22b consi sting ofIR con ag:ltéorogqg?jgf%t{ 9‘dt%r?m}ﬂﬁ g%‘?a;gelﬁpﬁzw%ls gSa and

_25b respec®n@difyis descrihedivith rﬁe@eanotoﬁﬁtlﬁer Figpbt eoresponds weFier i pher al
el ectrode parts 1l4a and 14b provided with the projections 22a and 22b are

“f ith th d. ho d 24 . 23 ted
o Phe t hr eadBATHOIE Soier 4 1; AGORRI WSt it M e ASITEC P HEO H Baded
hol e 24a o& crhshgeragitwiyahaglaestruatee gimilat4a that bethebyoakiadi elgctrbée 1 g
t t
o Che o Hieandl 1S PRUPRE Mol e R ind 280 ofpsdbfling Balied ho e
24b of theap@r2Zhrsstan Ieerenhwadlelqrémdelmxtﬂlﬁaraa@l% rireget thprgedj ect i on
22b to t heb@ﬁd@ﬁﬁ%%aﬂi Q?Era‘ﬂqleZ’lZ%Bf tl??e%ﬁﬁefaﬂ e%@ét?oﬁ?rtgllhﬁ gpes of

t he peripheral electr 1 rection of the
cent |1§ axi4b 63??%@Vﬁg’n8cﬁ ’r%ms}b?rt thedliptancgrhativgen the sptaopadisidibe22a and
22b, wher ebyds D6a pasl 26m6§t}£€ pfcgedtmﬁs £2 £dh a2 iars alfefiem tie@usi ng

or of oet § ond oA dan B silleSYANDET s AR AR A nercher eBigireds s © 1

crusher shp&dsﬂﬂ@ﬁng$l4b) and 10 is described with reference to Fig. 11.
Fig. 11 corr esDR@Q&tdﬁl‘i’g 7 this sjcpucture, the effect according to the coaxial

15 electrode shown in Fig. 8 can also be simultaneously attained in addition to
the effect according to the coaxial electrode shown in Figs. 9 and 10.

A second modification of the electrode for a crusher shown in Figs. 9
and 10 is described with reference to Fig. 12. Fig. 12 corresponds to Fig.
10.

20 Referring to Fig. 12, a coaxial electrode 1 serving as the electrode for
a crusher basically has a structure similar to that of the coaxial electrode 1
shown in Figs. 9 and 10. However, projections 28a and 28b are integrally
molded with peripheral electrode parts 14a and 14b respectively. In this
case, an effect similar to that of the coaxial electrode shown in Figs. 9 and

25 10 can be attained.

A third modification of the electrode for a crusher shown in Figs. 9
and 10 is described with reference to Fig. 13. Fig. 13 corresponds to Fig. 9.

Referring to Fig. 13, a coaxial electrode 1 serving as the electrode for
a crusher basically has a structure similar to that of the coaxial electrode 1

30 shown in Figs. 9 and 10. In the coaxial electrode 1 shown in Fig. 13,
however, convex portions 21a to 21c are formed on both ends of a peripheral
electrode part 14a and an end of a peripheral electrode part 14b to project
in a direction substantially parallel to the extensional direction of the
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.5 Referring to Fig. 11, a coaxial electrode 1 serving as the el ectrode for
.a crusher basically has a structure simlar to that of the coaxia

el ectrode 1 shown in Figs. 9 and 10. However, ends 26a and 26b of
‘projections 22a and 22b set on peripheral electrode parts 14a and 14b are
set to project beyond side walls 27a and 27b of the peripheral el ectrode
parts 14a and 10 14b respectively (i.e., so that the distance between the
side walls of the ends 26a and 26b of the projections 22a and 22b is
smal l er than the distance between the side walls 27a and 27b of the

peri pheral electrode parts 14a and 14b). According to this structure, the
ef fect according to the coaxial 15 electrode shown in Fig. 8 can al so be
si mul t aneoushyradtaxas ofa centexcdedtirode 12. The cohfexpoaticons BilagotXictdre coaxi al

| ect rod 0 trod
For o or ustigtEph flthSls SeiG: dendoeaBERNE IR LU AREIAIGHRE RRLET " 21
~12. Fig. 1214@@rr@§ébrm§p¢cémalsg The convexRporionimlh engiZjc are, foamedapd al
el ectrode Jpo%ﬁ:id’dsf‘&fﬁﬁeﬁb?ro% %Hé P88 ofn0 <ffth]% &W\%g?&r?ﬁh‘iﬁ'tm has a

“structure siml to coaxi a ectro own in Figs. 9 and

t

10. verCIrcy eé%‘fﬁ‘%ﬁ rggt&ora,qgt}yggerg,r@l améérthmcyntmla@mdptlﬂ peri pher al
fl eﬂ] r?def PRhbA al&ﬁr@ﬁdlslﬂii%ﬁlﬁﬁpﬁﬁﬁhé/@a\hal' dlettbde, &@s@for@n% @ié&@% géimlar

0 at o Xi a ctro shown can be
at t ai ned. Ahfﬁ’ (ﬁag}?%e? %Sg‘?’?%‘h ?C?‘Fl@ré’h‘é%f?‘%dbz f‘Bar}g‘ hown in
Figs. .9 &ﬂmbtmﬂie padebty ishedisedton tief wygtncbetwedti the d&lteFlegectit@de 12
corres ond re4 C I e 1 serving
as t hepel ec J{:e' ng%g pcorgﬁisﬁeiri%gs(?géﬁk%%%éhgggt %% C&raégé to that of

t he cHhxi al @ﬂwgfzbb@twleeredl%m elralmlq}imd;a pat 1R and tha@em:lmral
el ectrode ibl&RPde Qrt':léﬂ) islGuse AMEMR re g‘?&f‘lﬁ@ﬁw&ﬁ{ %H@E‘&l\gerﬁtgﬂlo%%

formed on bot per er al ctrod an en of a
peri pher al aé’lcg%f‘% 0 ?Qrelh Ohﬂwﬁrtéljaééhe firgt glsﬂﬁ?&ﬁ and thaiseeend i al | y
paral | el tqhsd}mgxtae@s:aﬁs@d oflidiffetdriregioddiar the/cié@ithferendval dikdctidnCsmt er
el ectrode iﬁﬁcﬁagﬁaﬁonvex portions 2la to 21c are nade of materials simlar

to those f & %rlpheral el ectrode parts
Thus, an arc resulting from the first discharge and an arc resulting -

from the second discharge can be prevented from connection. Therefore,
energy utilized for crushing can be prevented from reduction resulting from
connection of the arcs in the first and second discharges.

(Fifth Embodiment)

20 An electrode for a crusher according to a fifth embodiment of the
present invention is described with reference to Figs. 14 and 15.

Referring to Figs. 14 and 15, a coaxial electrode 1 which is the
electrode for a crusher basically has a structure similar to that of the
coaxial electrode shown in Figs. 1 to 4. In the coaxial electrode 1 shown in

25 Figs. 14 and 15, however, a peripheral electrode 15 includes four peripheral
electrode parts 14a to 14d. The peripheral electrode parts 14a to 14d are
arranged at spaces from each other respectively. Itis assumed that L1 to
L3 represent the widths of the peripheral electrodes 14a to 14c in a central
axis direction respectively. It is also assumed that the space between the

30 peripheral electrodes 14a and 14b is at a distance W1, the space bétween
the peripheral electrodes 14b and 14c is at a distance W2 and the space
between the peripheral electrodes 14c and 14d is at a distance W3. In this
case, an effect similar to that of the coaxial electrode shown in Figs. 1 to 4
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. 14a and 14b respectively. The convex portions 21b and 21c are formed on
_positions different fromthe position of the convex part 2 lain the 5
circunferential direction of the central axis of the center electrode 12.
‘"When a current is supplied to the coaxial electrode, therefore, a discharge
(first discharge) between the center electrode 12 and the peri pheral

el ectrode part 14a is caused on the region between the center electrode 12
and the convex portion 2la. On the other hand, a discharge (second 10

di scharge) between the peripheral electrode part 14a and the peri pheral

el ectrode part 14b is caused on the region between the convex portions 2 Ib
and 21c. Therefore, it follows that the first discharge and the second

di schar ge eam beattanednwiiilef diselmargesgaons ¢ausedeorcfouryndréroast i.al, direction
of the ce j T [ I ' | . s¢har ge
-and an ar Cﬂégﬁqféiﬁ%nd%&:foam@%&#gr%&%ﬁﬁle&?{ghgrtgg ;{:eg . é&%? ieé\%'éalflbttdggd%?om

- connect i onl4gnketarasncthe perdplgraleleatyte pat Idauand tle panpberak eheetrodd from
' _eduEtlon baﬁm_iz]gt%,hrlgeé%@guh@%%ﬁmt Zoérﬁpe}é}‘ctﬁo{a% ;gerr@aztbrhﬂ&ﬁlé héﬁbh@ﬁﬁ 3_econf'
-di schar ges. | [ n electro or ‘a crusher accarding to a
1 Tt nBenpoalehisehart nde aEw%e"e eePn%rR%Wfrr@f@L-@&m RA%)i 145 a0 Bhence 1 o
Figs. 14 aperipheralRdéetrodegatol4d gsThérefeary] discharge asistdncel et b@de 1 which
is the ele : I basi cal | y .h a,styucture sinl to that of
the conx: AP imBEaRd b, BRLER bt D PaRbE S et hogthet D o™y
shown in DEreasgd. 1Qonsequestlynthewnbilityofgbeicpheher cal betfurtder15 i ncl udes
four peri pnﬁb%veqil.ectrode parts 14a to 14d. The peri pheral electrode parts

l4a tqQ 14d are ,arranged. at@ét@% s fromeach other respectively. It is
assutfd that LI Agodiication elegigode fama coisheraceerdipadpdhediftlt r odes

14a to l4cembodirfient ifflesciitied Witheféence esPestigel y. It is also assuned
Lyt the space pepueen |of 0P st stol [odes s anddb st o
a di st ancea\tRusinet bamcalppheas ahstruetmetshailaeto thet of thed extxiablelectrédednd 14d
5o 0850 g 1 WA S it 13l g oo,

15 however, convex portions 21a to 21d are formed on the respective ones of
peripheral electrode parts 14a to 14c. The convex portions 21a to 21d are
ﬁmmdmmM%hna&mﬁhnw&mmmmeﬂthmemeMmd
direction of the central axis of a center electrode 12. The convex portions
21a to 21d are formed on positions different from each other in the

20 circumferential direction of the central axis of the center electrode 12.

A discharge (first discharge) between the forward end of the center
electrode 12 and the peripheral electrode part 14a is caused on the region
between the convex portion 21a and the center electrode 12. A discharge
(second discharge) between the peripheral electrode part 14a and the

25 peripheral electrode part 14b is caused on the region between the convex
portion 21b and the peripheral elec_tfode 14b. A discharge (third
discharge) between the peripheral electrode part 14b and the peripheral
electrode part 14c is caused on the region between the convex portion 21c
and the peripheral electrode 14c. A discharge (fourth discharge) between

30 the peripheral electrode part 14c and a peripheral electrode part 14d is
caused on the region between the convex portion 21d and the peripheral
electrode 14d.

Thus, the convex portions 21a to 21d serving as projections are so
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_.can be attained, while discharges can be caused on four portions, i.e.,

. between an end of a center electrode 12 and the peripheral el ectrode part
1l4a, between the peripheral electrode part 14a and the peripheral electrode
‘part 14b, between the peripheral electrode part 14b and the peripheral 5

el ectrode part 14c and between the peripheral electrode part 14c and the
peri pheral electrode part 14d. Therefore, discharge resistance can be
further inproved, whereby energy emtted by discharges can be further

i ncreased. Consequently, the ability of the crusher can be further

I mproved. 10 A nodification of the electrode for a crusher according to the
fifth enbodinent is described with reference to Fig. 16. Referring to Fig.
16, a coaxfames guatradegds san bergneen trhte ettt ooy ekgrortians2ishter? bhsi cal |y

has a str Uﬁr?ﬁé&% b K@kt tfoofoh?ﬁ{ Ry hEI{ESC&E}%E@kaﬁ%&Pﬁ&gﬁ@ﬁurﬁ%{i@W@hé n Figs.

-14 and 15 coaxl a electro own I n Ver, convex
_portions 2pertienofpameadswi t@rmo@ﬁeﬁﬂ@rfﬂé§ﬁgd?|59é“(g§h#§péﬁtlv

“el ectrode ﬂ?éf)§s1@1‘6ﬁsfcﬁuéﬂfg theBrt Q0 B r thOdist RSz ed kant e QMtlagrrﬁ form%‘d to

‘projegt inadir n substanti al .l rallel to the ex enS| n direction
of thé cen?b%‘?geéﬁﬁg cgfmgu{ge eepo%pg§§ PgH}ée §ONVEFHROTEHMS 2? ns 2lato

21d a:n? for medI Whaothé camsexdpditRmneld fd)m&ai!élfaﬁtah%’edl s ﬂlilﬁerZ(i’n Flgd
circunfere o xis of t er.elgctrode 12. A
di schar ge ?é’iﬁ ﬂﬁ‘l”gghs hﬁ%‘i%@ i}hglﬁ‘cgflv\%ersacauﬁggoﬁ% P& er

el ectrode élzctnodetare plernef}loerwﬂsmbas:dlf&mnpﬁrmnmahlwhcam&mle on the region
bet ween t hg, \f QletleeQ:t aof%% éeﬁ%rﬁ%?ﬁf%@géﬁt%gﬁléc%md% fh schar ge

(second dIS ar en.t peri| pher al ectro pa 14a_ and the 25

peri pHer al Tap prwé% of adingant dischasees o bhachablawaYeRiRbiomhe convex
portion 2 ténmddionhe peripheral electrode 14b. A discharge (thi rd

di scharge) bet e peripheral electro part. 14b,and the pe her al
el ectrode part%? Eh%g B?ﬁ’cq{’é f]gagf%gf‘ﬂ)@f %rﬁn@ci]go REHGELL np i on 21c
and the pedinebﬁonIsubbEantnaidiyEpMailelﬁtoothe@a@exgao(xﬁbdurbmdmsfh]me ge)trhkt ween 30

the Per | PhALRl o SheGkhOUeBAhad49 AR 1B PURIAL. Sheiionie At tg 14d 1

caused on e conv eripheral
el ecllpode mAay. alternatwely be formed to project in the radlal direction of the central

axis as shown in Figs. 9 to 12. Also in this case, an effect similar to that of
the coaxial electrode shown in Fig. 16 can be attained.

The widths (the lengths in the extensional direction of the central
axis of the center electrode 12) of the peripheral electrodes 14a to 14d in the

20 first to fifth embodiments of the present invention are preferably at least 10
mm. In this case, the arcs formed following the discharges can grow to
sufficient sizes with no restriction by the widths of the peripheral
electrodes 14a to 14d. Therefore, the energy utilized for crushing can be
increased.

25 The widths of the peripheral electrodes 14a to 14d in the first to fifth
embodiments of the present invention may be at least 20 mm. Thus, also
when two adjacent discharges are caused on positions close to each other in
the circumferential direction of the central axis of the center electrode 12,
arcs resulting from the two discharges can be reliably prevented from

30 connection.

In order to confirm the effects of the present invention, the inventor
has made a discharge experiment with the electrode for a crusher according
to the present invention. This expei'iment 1s described with reference to
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. Thus, the convex portions 2la to 21d serving as projections are so -19
. frormed that charges can be concentrated to the convex portions 2 la to 21d,
whereby the first to fourth discharges can be caused in the vicinity of the

" “portions formed with the convex portions 2la to 21d respectively. Thus,

the positions causing the first to fourth discharges can be arbitrarily 5
changed by changing the positions of the convex portions 2la to 21d. Wen
the convex portions 2la to 21d are arranged as shown in Fig. 16, it
follows that the first to fourth di scharges caused in the coaxial

el ectrode are fornmed on positions different fromeach other in the
circunferential direction of the central axis of the center electrode 12.
10 Ther ef oFegs. aﬂ(zmcbflSadj acent di scharges can be reliably prevented from
connection. Wi the ortians d are formed. to project in
Ehe G recti on SeEhE RINE 1B pcoRRral bt SePRe (e SeCePOR IS ¢ he
-central aalcsuﬁieltmp@eadby thleanventbe HaaicallyFhgs alfrudthee somilex tpohat ons
“2la to 21d, It [ t al
“direction o%ﬁléhmég%harga@a& Cilé:l%sﬁ/egts)fC Sch?ch?[%cto tgem%%bdﬁf&zoggﬂ%n this
case, 2an ePFRseNtinygntaent ol ﬁﬁkerdirfordsr\éhe@%mal electrodeddeonspuwes Bn Fig. 16

;:ﬁn be ?ttleér{t@deléf:mﬁ)q[@hm e ﬁiéﬂﬁai&nfm Qﬁah ea% ﬁi@&ﬂt h}f@rlﬁPCt ion 01;
e centra XS e, ce o ri era rodes
14a to 14d° Y’F’FthBf CEpfetie 6“?&? At f‘é ctedy Bgetéelrﬁa 'fonf}ﬁit.on

are pref er antanged dretsd oﬁ&rmmﬁherhhs&rf@ae ef thlhenaﬁhﬁof @8 neThe@ehosy Nng t he
discharges f 1.Cl ' Q. Fest |on the w dt hs
of the per| ﬁiel‘Pg 1 %)&e giedsnélggg{lgﬂai%&ns 21 nde’%%g otfﬁglg ergy ehtl lized

for dPushi dgimewrbé the nenwsﬁédctm@ TRas @0duhs ¢Fhe imsyletdrpheasistisadt r odes
sda 10, LAGPRP ldlifrtihdforddy flabtill, SRAMISTRAUE AL thBFedIig90Thal VERLT OF TRY

be at | east %’ acent di scharges are caused on
posi tions EF’BEbeFﬁ &@HO@Q RéFtsl ]r'i*a Qonb‘l@:f ré‘%iﬂtge% pariphera eleetrpde 187 t he

central axésnsift 6ﬂ‘t$bp®@ﬂtzﬁid ﬂﬁ@ﬁﬁlﬁ:ﬁﬁ@sslﬂlereaffs% ofR Ul Thegefolr @ NBhiehgu teo
di'schar gesdlcaarlrrl]et%% of %h'e %85%18? efactit tdeedl 30 C%%ev%{dt%“L of the
15 peripheral electrode parts 14a to 14c is 27 mm, and the distance W between
' the peripheral electrodes 14a to 14d was set to 10 mm. A capacitor having
electrostatic capacitance of 2 mF was chafged up to 15 kV, and thereafter
this capacitor and the aforementioned coaxial electrode 1 were connected
with each other through a cable having circuit impedance of 3 uH, thereby
20 causing discharges in the coaxial electrode 1.

As shown in Fig. 18, arcs 20a having relatively small sizes are
caused between the peripheral electrodes 14a to 14d immediately after
starting the discharges. The sizes of the arcs are increased with time, to
finally form arcs 20b having relatively large sizes. In the sufficiently

25 enlarged (grown) arcs 20b, it was observed that ends of the arcs 20b in the

"~ direction along the central axis of the center electrode 12 inwardly
extended by a length LA from the ends of the peripheral electrode parts 14a
to 14d. The value of the length LA was about 10 mm.
'Also when the charging voltage for the capacitor was varied in the

30 range of 6 to 15 kV, the situation of formation of the arcs remained
substantially unchanged and the value of the length LA was substantially
10 mm. Also when the distance W between the peripheral electrodes 14a
to 14d was varied, this length LA remained substantially unchanged.
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.In order to confirmthe effects of the present invention, the inventor has
. made a di scharge experinment with the el ectrode for a crusher according to
the present invention. This experinent is described with reference to -20
'Figs. 17 and 18. Referring to Fig. 17, a coaxial electrode 1 serving as the
el ectrode for a crusher prepared by the inventor basically has a structure
simlar to that of the electrode for a crusher according to the fifth
enbodi ment of the 5 present invention. In other words, the coaxi al
electrode 1 conprises a center electrode 12, an insulator 13 arranged on

t he outer peripheral surface of this center electrode 12 and peri pheral

el ectrode parts 14a to 14d arranged on the outer peripheral surface of
this insulator C[Y&usﬁt&sﬁﬂfde@étood&h&'t @Q@c@ﬁtlz)@r@{iﬂsla%@ﬁgcsaZ@l@@&ﬁéHe axis,

d Th t 2 20
e 1 oo i BRb Aoy b0 the Rt 4 b e P Al ALt he
- thi ckness fH#dneet l¢ast 1@ mm (When thervmihhrlabf Bl ecpéniphierad @l ¢ rddies 14n fotd
forming a RERiBUEY &) LSk BLA ABmhe thEUIRL Shnfbt 6OBRRcieRlY ABF U ERNESS

'thereof S ere he ectrode 1
i s 509mm hﬁecwtdﬁwoncwabketh% theramperen tpf @nmrtttdezqshfqmrmahmgm 14c is

27 nm andcémqweﬁtm@@u\é\é@et mgandfdgeomhé Bts@lrtﬁinsed 5&9&%&§3thte9el4d was
set to 10 mMm A c atl an el ectr | C .capacl

char ged uplst%pi’BSlEg“ aqueutc ﬁg{l@penpﬁ, a&g}b%téﬂiaf?ﬁnéﬁacst 61’81‘%?1@ ntloned
coaxi al el ¢eé audgeﬂemee&bémgmtble@lpeﬁbhbrﬂ%lbct@b&w 14£1ﬁﬁd9f4kﬁaﬁdl@h@ havi ng
circuit t e ar t he coaxi

el ect rodeng?cdgésw é%ﬁeﬁw?_grb&xﬁggnggggﬁfggaﬂgg Jﬂ?@ﬁﬁ'ﬁ"ﬂf@ﬁe SHBRee §azes
are 16ausew1ﬁeeadenthdre Pdso phéhisl cask exttis ooreeitdbletthat 4ble iammmditasfel y af t er
starting tgﬁemﬂgéﬁfﬁor &%hﬁie%zf‘ssre@c Eﬁfaarcs are increased with time, to

finally form ative rge sizes. |In the sufficiently 25
enl arged (grownjn shesozgpl electipde b@@éV@’éﬂoﬂﬁmS dhado 3l dtmay bedormed i n t he

direction ahahe pefipheeal él@btx@&b§ 194 tb hQLdC&{lbsz‘,lti%h@%ﬂ@f’&ntlﬁoinnwaml y
ex1en0ed ko) IRk ST P oS0 B Bl Hlahigre parts 14a

15 electrode 12, as shown in Fig. 16. In this case, arcs can be generated on
different positions in the circumferential direction of the central axis of the
center electrode 12. Also when the width L of the peripheral electrodes
14a to 14c is about 10 mm, therefore, the adjacent arcs 20b can be reliably
prevented from connection.

20 When the width L of the peripheral electrodes 14a to 14d is set to a
length of at least 20 mm as in the coéxial electrode 1 employed for the
experiment, the arcs 20b can be reliably prevented from connection even if
the adjacent arcs 20b are formed on positions close to each other in the
circumferential direction of the central axis of the center electrode 12.

25 The embodiments and Example disclosed this time must be
considered as illustrative and not restrictive in al points. The scope of the
present invention is shown not by the aforementioned embodiments and
Example but by the scope of claim for patent, and it is intended that all
modifications in the meaning and range equivalent to the scope of claim for

30 patent are included.

According to the present invention, as hereinabove described,
discharges can be caused on a plurality of positions with a single electrode
for a crusher, whereby energy utilized for crushing can be increased.
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. Al'so when the charging voltage for the capacitor was varied in the 30
_range of 6 to 15 kV, the situation of formation of the arcs remai ned
substantially unchanged and the value of the length LA was substantially
10 mMm Al so when the di stance Wbetween the peripheral electrodes 14a to
14d was varied, this length LA remained substantially unchanged. -21 Thus,
it is understood that sufficiently grown |large arcs 20b can be forned in
di scharges when the width L of the peripheral electrodes 14a to 14d is at
| east 10 nm (when the width L of the peripheral electrodes 14a to 14d is
set to less than 10 nm the arcs cannot be sufficiently grown and 5 hence
it is conceivable that the anount of energy utilized for crushing is
consequent |y reduced. Depending on the positions of adjacent arcs, there
is a possi henonenon that the adjacent arcs (for exanple,
.the arc geﬁ%éd%t¥5?§gt%%grﬁﬁ$}ﬁe peri pheral el ectrodes 14a and 14b and the
_arc generated bAshezeinabevpdesphbed thel dettrodieforiabrusher Mcyrdang todhaect ed
10 with ea [ unt of
energy uti e forerfiaP et LEMDILES ucea‘fhi‘ﬁg S
conve® por &R wEisyal stpuciyge ﬁﬁ?ortféeFfbroﬁé lke-t he peripheral electrodes 14a
to 14d on positions different fromeach other in the circunferenti al
direction of the central axis of the center 15 electrode 12, as shown in
Fig. 16. In this case, arcs can be generated on different positions in the
circunferential direction of the central axis of the center electrode 12.
Also when the width L of the peripheral electrodes 14a to 14c is about 10
nm therefore, the adjacent arcs 20b can be reliably prevented from
connection. 20 When the width L of the peripheral electrodes 14a to 14d is
set to a length of at least 20 nmas in the coaxial electrode 1 enployed
for the experinment, the arcs 20b can be reliably prevented from connection
even if the adjacent arcs 20b are fornmed on positions close to each other
inthe circunferential direction of the central axis of the center

el ectrode 12. 25 The enbodi nents and Exanpl e disclosed this tinme nust be
considered as illustrative and not restrictive in al points. The scope of

t he
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_present invention is shown not by the aforenentioned enbodi nents and

. Exanpl e but by the scope of claimfor patent, and it is intended that al
nodi fications in the meaning and range equivalent to the scope of claimfor

" 30 patent are included. According to the present invention, as herei nabove
described, discharges can be caused on a plurality of positions with a
single electrode for a crusher, whereby energy utilized for crushing can
be increased. -22 Industrial Availability As herei nabove described, the
el ectrode for a crusher according to the present invention can be applied
to crushing of rock or bedrock, crushing of 5 an artificial structure of

concrete,

or the like. -23 CLAIMS 1. An electrode (1) for a crusher,

conprising: a central conductor (12, CLAIMStending along a central axis and
5 having an outer peripheral surface; an insulating nmenber (13, 18)
.arranged on the_outer peripheral surface of said central conductor (12,
-17); and a peri phefa elegivade (brfor psorughenmgstbisingncl ose sai d i nsul ati ng

“nmenber (13, 18) g ceheia@icHndlcdi(d2 PET) ém@ﬁ&ingcﬂ(@%gq &ntrabPhxisnglydes: a

“first_conductor él4a ,
from éai d
central
wher ei n

b) arranged at a space

and Eﬁicon conduct or
fydts 2 gH c?%?ﬂp}?‘lﬂ PUW€he extensional direction of said

axi s. lénZnsulatirg eehilede(181)8) arradgedushiie aere périithdral cl ai m 1,

sai e I nduct ar 2,,,47) ,i.ncludes an end causing a
di schar ge, 3513319%8#%%gtc%g%ﬁag&gpg}l(c%%&%, %Zj’ﬁﬂd:nged closer to said end in
t he ext ensi onal agiermdterahcaidwdod (Kyrtrrahgek tsencldsé saidinesslitahg ends in

the ext enﬁjeﬁﬁ”@ér dis" §8

said 20 bot

E,Lv?ﬂe fhosaid central axis and a region held between

ends, bo ends of said first conductor have portions having

rel atPvel y said peripheral conductor (15) includes:

15

20

25

30

a first conductor (14a), and
a second conductor (14b) arranged at a space from said first
conductor (14a) in the extensional direction of said central axis.

2. The electrode (1) for a crusher according to claim 1, wherein

said central conductor (12, 17) includes an end causing a dischairge,

said first conductor (14a) is arranged closer to said end in the
extensional direction of said central axis and includes both ends in the
extensional direction of said central axis and a region held between said
both ends,

both ends of said first conductor have portions having relatively
small diameters, and

the region held between said both ends of said first conductor
includes a portion (19) having a relatively large diameter.

3. The electrode (1) for a crusher according to claim 1, wherein
a projection (21, 21a to 21c, 22a, 22b, 28a, 28b) is formed on at least
either one of said first and second conductors (14a, 14b).

4. The electrode (1) for a crusher according to claim 3, wherein

said projection (21, 21a to 21c, 22a, 22b) projects in a direction
substantially parallel to the extensional direction of said central axis.
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.small dianeters, and the region held between said both ends of said first
.conductor includes a portion (19) having a relatively |arge dianeter. 25
3. The electrode (1) for a crusher according to claiml, wherein a

“‘projection (21, 2la to 21c, 22a, 22b, 28a, 28b) is forned on at | east
either one of said first and second conductors (14a, 14b). 30 4. The
el ectrode (1) for a crusher according to claim 3, wherein said projection
(21, 21a to 21c, 22a, 22b) projects in a direction substantially parall el
to the extensional direction of said central axis. -24 5. The el ectrode
(1) for a crusher according to claim3, wherein said projection (22a, 22b,
28a, 28b) projects in the radial direction of said central axis. 5 6. The
el ectrode (1) fdr Fherelattesdeal)doranrgusiverchcondihg tohdaih B, velad@dipr oj ecti on

(2 lato 21c) iag : f ioloSt ohectd (2. 1a).f . el t her gne of
.said first and %%?%iecé%r?d zczt%o?gf’(%%,ég%jé’)r,%leﬁg%maag%g%%l Sf"iﬁcggf‘io n (21b,
-21c) forne%?ldrﬁeatlﬁﬁds&mfﬁ-on different fromthe 10 position of said first
projection (2 la) in the circunferential direction of said central axis on
"at least either one of said first and second conductors (l1l4a, 14b). 7. The
el ectPode (1) fbr ’gh@re&%quﬁ‘?dea@éé%?r?ﬁu?}ée’b@%oﬁdlﬂg irdpun B, Witerend | ength of
iat | east eithersﬂﬂqn@je@mnd(zfliarﬁmnmglmgqqg?}_d cogductors (14a, 14b) hi s at

east 10 mmin t xt ensi.on igecti.on of, said centr Xxi s, 8. The

el ectrode (1) f%%ﬁgefﬂgﬁ%‘?n g%l:%rf:ﬁfrr‘?&dt%‘ githenone Ogﬁ%’x‘@ﬁ% angd $e984; pher al
conduct or ¢daBludtons (1des 14b),laaakt one additional 20 conductor (14c, 14d)

d . I- . i i |
G rac; on of sl qecorld BiBGd REAPMAACT RAANEL O A\ pddition it R ETH N
accol@i ng Pesitipaiohsgid fimet praiectiqy (4 leoin dhe crcumfeverntial) direction védaish at

| east one &GiigAICAAL cheAEIheE eitREr bhOGF 8alll B4 HADSEDld GnAuctdsd1fhr St

conduct or H,bzsa), sai d second conduct or

7. The electrode (1) for a crusher according to claim 1, wherein
15 _ the length of at least either one of said first and second conductors
(14a, 14b) is at least 10 mm in the extensional direction of said central axis.

8. The electrode (1) for a crusher according to claim 1, wherein
said peripheral conductor (15) includes at least one additional
20 conductor (14c, 14d) arranged at a space from said second conductor (14b)
in the extensional direction of said central axis. |

9. The electrode (1) for a crusher according to claim 8, wherein
a projection (21a to 21d) is formed on at least one conductor selected
25 from a group consisting of said first conductor (14a), said second conductor
(14b) and said additional conductor (14c, 14d).

10. The electrode (1) for a crusher according to claim 9, wherein
said projection (21a to 21d) projects in a direction substantially

30 parallel to the extensional direction of said central axis.

11. The electrode (11) for a crusher according to claim 9, wherein
said projection projects in the radial direction of said central axis.
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. (14b) and said. additional conductor (14c, 14d). 10. The el ectrode (1) for
_a crusher according to claim9, wherein said projection (2 la to 21d)
projects in a direction substantially 30 parallel to the extensional
"direction of said central axis. 11. The electrode (11) for a crusher
according to claim9, wherein said projection projects in the radial
direction of said central axis. -25 12. The electrode (1) for a crusher
according to claim9, wherein said projection (2 la to 21d) includes: a
first projection (2 la) formed on one conductor selected fromthe 5 group
consisting of said first conductor (14a), the second conductor (14b) and
the additional conductor (1l4c, 14d), and a second projection (21b to 21d)
formed on a position different from the. position of said first projection

2 | inth t | t
one conductor safectds Geetds EBE R HsRor A AL (M ThbBR  onduct or
- (14a), the secofdidkpraiecior (?(lmto)%dﬁdnphulesadm tional conductor (14c, 14d).
~13. The el ectroderyfst)pr j&:tﬁn??!t'%r%éﬂc&{ g?@%oﬁau&o?'sme%temh?'tﬂe the

length of at |east .ofe Z}gn ud?hor se roma group consistin 15 of
pai

sai d Pirst SEYRIGERGFINE sstondngtadidadtibe S(e$ﬂlb91 capduetes (240 t i onal
conduct or @hdcheldil)itiosaBtod dagbr MmN dde extensi onal direction of said

Com el 5. el SSBSRT P oT heE  SORABRASAT  anc
sai d i nsul thé pgsitiembefrsaid &rst prdjactien €2 d)axi thleecirmirafdrahtial ireAtionwher
conpri si ng L e HELr 48450 GH1ed & orft StilESr SGEXA DG Re SloRp™M 1 - 26
10 consisting of said first conductor (14a), the second conductor (14b) and the
additional conductor (14c, 14d).

13. The electrode (1) for a crusher according to claim 8, wherein
the length of at least one conductor selected from a group consisting
15 of said first conductor (14a), the second conductor (14b) and the additional
conductor (14c, 14d) is at least 10 mm in the extensional direction of said
central axis.

14. The electrode (1) for a crusher according to claim 1, wherein
20 said central conductor (17) includes a stranded conductor, and

said insulating member (18) contains a flexible material.

15. A crusher comprising the electrode (1) for a crusher according to
claim 1.
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