
DESCRIPTION Electrode for Crusher and Crusher  5 Technical Field The
present invention relates to a crusher for breaking rock or the  like and
an electrode for the crusher, and more specifically, it relates to a
crusher and an electrode for a crusher capable of efficiently breaking rock
or the like. 10 Background Art For example, Japanese Patent Laying-Open No.
4-222794 discloses a  conventional crushing method for breaking rock or the
like. Fig. 19 is 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. 21 is a partially enlarged model diagram showing the
forward end of  an electrode shown in Fig. 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 -1 



other one when the switch 107 of the pulse power source 106 is closed. The
conventional crushing method is now described. A preliminary  hole 110 is
previously formed in the rock or the like to be broken with a  drill or the
like. An electrolyte such as water 111 is injected into the 5 preliminary
hole 110. The coaxial electrode 101 is inserted into the  preliminary 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
electrode 112 and the peripheral electrode 115 on the forward end of the
coaxial electrode 101, thereby causing a discharge. At this time, the
electrolyte is converted to plasma by discharge energy around the forward
15 end. of the coaxial electrode 101, thereby generating a pressure wave.
This  pressure wave breaks the rock or the like around the coaxial
electrode 101.  The aforementioned Japanese Patent Laying-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 -2 of the value of the current supplied to the coaxial electrode 101
by the  discharge resistance. Also when the value of the current supplied
to the coaxial electrode  101 is increased for increasing the energy
(energy utilized for crushing) 5 consumed by the discharge of the coaxial
electrode 101, therefore, the  discharge resistance is reduced as the
current value is increased. Thus, it  is difficult to sufficiently increase
the energy consumed by the discharge of  the coaxial electrode 101 by
simply increasing the aforementioned current  value. In the conventional
crusher, therefore, it is difficult to efficiently 10 perform crushing by
increasing the energy utilized for crushing.  The present invention has
been proposed in order to solve the  aforementioned problem, and an object
of the present invention is to  provide an electrode for 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  invention 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 single portion of an end in the conventional electrode. The
number of  portions causing discharges is so increased that discharge
resistance can be  increased beyond that in the prior art in response to
the number of  discharge portions when setting the current to a constant
value. 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
compared with  the resistance of the overall circuit and increase of the
discharge resistance  on several portions is small as compared with the
resistance of the overall 10 circuit, and hence crushing force can be
increased without changing the  size of a power source. In the electrode
for a crusher according to the aforementioned aspect,  it is preferable
that the central conductor includes an end causing a  discharge, and the
first conductor is arranged closer to the end in the 15 extensional
direction of the central axis and includes 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 -4 ability of
the crusher can be reliably improved. In the electrode for a crusher
according to the aforementioned aspect,  a projection is preferably formed
on at least 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
electrode. Thus, discharges can be preferentially  caused on the portions
formed with the projections. Therefore, the  positions of the regions
causing the discharges can be arbitrarily changed 10 by changing the
positions of the projections. In the electrode for a crusher according to
the aforementioned aspect,  the projection may include a first projection
formed on either one of the first  and second conductors and a second
projection formed on a position  different from the position of the 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 positions 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 -5 region facing the first conductor in the
second conductor, for example, the  first discharge caused on the end of
the electrode for a crusher corresponds  to the aforementioned discharge
and the second discharge caused between  the first conductor and the second
conductor corresponds to the 5 aforementioned other discharge.
Consequently, the first discharge and the  second discharge can be caused
on different positions in the circumferential  direction of the central
axis respectively. As a result, the arc in the first  discharge and the arc
in the second discharge can be prevented from  connection (integration).
Therefore, the energy utilized for crushing can 10 be prevented from
reduction resulting from connection of the arcs in the  first and second
discharges. The inventor has made experiments and studies as to discharge
phenomena in the electrode for a crusher, to obtain the following
recognition: The electrode for a crusher according to the present invention
15 causes a plurality of discharges in a single electrode for a crusher
thereby  increasing the energy utilized for crushing, and hence it is
necessary to  independently 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  -6 first and second conductors
along the central axis direction were  sufficiently increased. When the
lengths of the first and second conductors in the central  axis direction
were set smaller than 10 mm, on the other hand, the arc 5 extension length
was limited to the lengths of the first and second  conductors at the
maximum, and the arc could not sufficiently grow. In  such a state, energy
(energy utilized for crushing) consumed by the  discharge was smaller than
that in the case where the arc sufficiently grew. If the lengths of the
first and second conductors in the central axis  10 direction are smaller
than 10 mm, two arcs are readily connected with each  other when the arc
resulting from the first discharge and the arc resulting  from the second
discharge are formed on positions close to each other in the
circumferential direction of the central axis. Consequently, the energy
utilized for crushing is disadvantageously reduced also in this case. 15.
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 growing the arcs. In the
electrode for a crusher according to the aforementioned aspect,  -7 the
peripheral conductor may include at least one additional conductor
arranged at a space from the second conductor in the extensional direction
of the central axis. In this case, a third discharge can be caused between
the second 5 conductor and the additional conductor. When the additional
conductor  includes a plurality of conductors formed at a space, fourth and
fifth  discharges can be further caused. Consequently, the discharge
resistance  can be further improved, whereby the energy utilized for
crushing can be  further increased. 10 In the electrode for a crusher
according to the aforementioned aspect,  a projection may be formed on at
least one conductor selected from a group  consisting of the first
conductor, the second conductor and the additional  conductor. In 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 arbitrarily 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 -8 arbitrarily changed by changing
the position of the projection. In the electrode for a crusher according to
the aforementioned aspect,  the projection may include a first projection
formed on one conductor  selected from the group consisting of the first
conductor, the second 5 conductor and the additional conductor and a second
projection formed on a  position different from the position of the first
projection in the  circumferential direction of the central axis in at
least one conductor  selected from the group consisting of the first
conductor, the second  conductor and the additional conductor. 10 In this
case, the first projection and the second projection are formed  on
different positions 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 be caused on different positions in the circumferential 15
direction of the central axis. Therefore, an arc in the discharge and an
arc  in the other discharge can be prevented from connection (integration).
Consequently, the energy utilized for crushing 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  -9 can be sufficiently grown in independent states in the second
conductor  with no reduction of resistance resulting from integration also
when the  two arcs caused on both ends of the second conductor are formed
on positions close to each other in the circumferential direction of the
central 5 axis. In other words, two arcs caused on both ends of the second
conductor  or the like can be reliably prevented from integration, while
the energy  utilized for crushing can be increased by sufficiently growing
the arcs. In the electrode for a crusher according to the aforementioned
aspect,  the central conductor may include a stranded conductor, and the
insulating  10 member may contain a flexible material. In an operation of
crushing rock or the like, an impact may also  transversely be applied to
the electrode. When the electrode for a crusher  has a certain degree of
flexibility due to the aforementioned structure in  this case, the
transverse impact can be absorbed by deformation 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. 1 is a model diagram
for illustrating the device structure of an  electrode for a crusher and a
crusher employing the electrode for a crusher  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.
-10 Fig. 5 is a partially enlarged model diagram showing a first
modification of the electrode for a crusher shown in Figs. 1 to 4. Fig. 6
is a schematic sectional view showing a second modification of  the
electrode for a crusher shown in Figs. 1 to 4. 5 Fig. 7 is a partially
enlarged model diagram showing an electrode for  a crusher according to a
second embodiment of the present invention. Fig. 8 is a partially enlarged
model diagram showing an electrode for  a crusher according to a third
embodiment of the present invention. Fig. 9 is a partially enlarged model
diagram showing an electrode for  10 a crusher according to a fourth
embodiment of the present invention. Fig. 10 is a schematic sectional view
of the electrode fora crusher  shown in 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 is 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 is 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. -11 Best Modes for Carrying
Out the Invention Embodiments of the present invention are now described
with  reference to the drawings. In the following drawings, identical or 5
corresponding parts are denoted by the same reference numerals, and
redundant description is not repeated. (First Embodiment) An electrode for
a crusher and a crusher according to a first  embodiment of the present
invention are described with reference to Figs. 1  10 to 4. 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 is 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 -12 peripheral electrode part 14a, to form an arc 20. A discharge is
caused  also between the peripheral electrode part 14a and the peripheral
electrode  part 14b, to form another arc 20. Thus, two arcs 20 can be
formed as described above when a current  5 is supplied to the coaxial
electrode 1 serving as the electrode for a crusher  and this current flows
between the center electrode 12 and the peripheral  electrode 15. In other
words, discharges are caused at least on two portions in the coaxial
electrode 1 according to the present invention. while.  a discharge is
caused only on one portion of an end in the conventional 10 coaxial
electrode. The number of portions causing discharges is so  increased that
discharge resistance can be increased beyond that in the  prior art when
setting the current to a constant value. As already  



described, the energy consumed by discharges is proportionate to the value
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) 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 -13 can be further increased.
Consequently, the ability of the crusher can be  further improved. The
number of the peripheral electrode parts may be further  increased for
increasing the number of portions causing discharges. In  5 this case, the
ability of the crusher is further improved. A second modification of the
electrode for a crusher shown in Figs. 1  to 4 is described with reference
to Fig. 6. Referring to Fig. 6,a coaxial electrode 1 which is the electrode
for a  crusher basically has a structure similar to that of the coaxial
electrode  10 shown in Figs. 1 to 4. However, a flexible stranded conductor
17 is 



employed as a center electrode. Further, a flexible insulator 18 of a
rubber-based insulator or urethane is employed as an insulator. When
discharges are caused on a plurality of portions of the coaxial  electrode
1 in the central axis direction as in the present invention in an  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 - 14 peripheral electrode part 14a and a peripheral
electrode part 14b serving as  a second conductor. In other words, two arcs
20 are generated to hold the  peripheral electrode part 14a therebetween.
The diametrical convex portion 19 is formed by relatively increasing the
diameter of a region held  5 between both ends in the extensional direction
of a central axis in the  peripheral electrode part 14a, so that the region
causing the first discharge  and the region causing the second discharge
can be isolated from each other  through this diametrical convex portion
19. Consequently, the arcs 20  



resulting from the first and second discharges can be prevented from 10
integration. Thus, the number of discharge portions can be prevented  from
reduction, whereby discharge resistance can be prevented from  reduction.
Therefore, the ability of the crusher can be reliably improved.  (Third
Embodiment) An electrode for a crusher according to a third embodiment 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 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 -15 plurality of portions along
the circumferential direction. Further, the  convex portion 21 may have a
shape other than the illustrated triangular  shape so far as the same can
locally reduce the distance between the  peripheral electrode parts 14a and
14b. 5 In addition, a convex portion may be formed on a portion of the
peripheral electrode part 14a closer to an end (the side exposing the
center  



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
peripheral electrode part 14a by changing the position of this convex 10
portion. Further, a similar effect can be attained also when forming the
convex portion on an end of the center electrode 12. (Fourth Embodiment) An
electrode for a crusher according to a third embodiment of the  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  -16 the positions of the
projections 22a and 22b. A first modification of the electrode for a
crusher shown in Figs. 9  and 10 is described with reference to Fig. 11.
Fig. 11 corresponds to Fig.  10. 



5 Referring to Fig. 11, 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, 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 electrode
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
smaller than the  distance between the side walls 27a and 27b of the
peripheral electrode  parts 14a and 14b). According to this structure, 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 -17 central axis of a center
electrode 12. The convex portions 21a to 21c are  made of materials similar
to those forming the peripheral electrode parts  



14a and 14b respectively. The convex portions 21b and 21c are formed on
positions different from the position of the convex part 2 la in the 5
circumferential 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 peripheral
electrode part 14a is caused on the region between the center electrode 12
and the convex portion 21a. On the other hand, a discharge (second 10
discharge) between the peripheral electrode part 14a and the peripheral
electrode part 14b is caused on the region between the convex portions 2 lb
and 21c. Therefore, it follows that the first discharge and the second
discharge are caused on different regions in the circumferential direction
of  the central axis. 15 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. It is
assumed that Ll 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 between  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 -18 



can be attained, while discharges can be caused on four portions, i.e.,
between an end of a center electrode 12 and the peripheral electrode part
14a, between the peripheral electrode part 14a and the peripheral electrode
part 14b, between the peripheral electrode part 14b and the peripheral 5
electrode part 14c and between the peripheral electrode part 14c and the
peripheral electrode part 14d. Therefore, discharge resistance can be
further improved, whereby energy emitted by discharges can be further
increased. Consequently, the ability of the crusher can be further
improved. 10 A modification of the electrode for a crusher according to the
fifth  embodiment is described with reference to Fig. 16. Referring to Fig.
16, 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.
14 and 15. In the coaxial electrode 1 shown in Fig. 16, 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  formed to
project in a direction substantially parallel to the extensional  direction
of the central axis of a center electrode 12. The convex portions  2 la 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 2 lb and the peripheral electrode 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  -19
formed 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 21a 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 21a to 21d.  When
the convex portions 21a to 21d are arranged as shown in Fig.  16, it
follows that the first to fourth discharges caused in the coaxial
electrode are formed on positions different from each other in the
circumferential direction of the central axis of the center electrode 12.
10 Therefore, arcs of adjacent discharges can be reliably prevented from
connection. While the convex portions 21a to 21d are formed to project in
the  direction substantially parallel to the extensional direction of the
central  axis of the center electrode 12 in Fig. 16, the convex portions
21a to 21d 15 may alternatively be formed to project in the radial
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 experiment is described with reference to -20
Figs. 17 and 18. Referring to Fig. 17, a coaxial electrode 1 serving as the
electrode for  a crusher prepared by the inventor basically has a structure
similar to that  of the electrode for a crusher according to the fifth
embodiment of the 5 present invention. In other words, the coaxial
electrode 1 comprises a  center electrode 12, an insulator 13 arranged on
the outer peripheral  surface of this center electrode 12 and peripheral
electrode parts 14a to 14d  arranged on the outer peripheral surface of
this insulator 13. The center  electrode 12 extends along a central axis,
and consists of copper. The 10 diameter of the center electrode 12 is 20
mm. The insulator 13 consists of  FRP (fiber reinforced plastics), and the
thickness thereof is 10 mm. The  peripheral electrode parts 14a to 14d
forming a peripheral electrode 15  consist of copper, and the thickness
thereof is 5 mm. Therefore, the outer  diameter of the coaxial electrode 1
is 50 mm. The width L of the 15 peripheral electrode parts 14.a 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
charged 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 H, 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. -21 Thus,
it is understood that sufficiently grown large arcs 20b can be  formed in
discharges when the width L of the peripheral electrodes 14a to  14d is at
least 10 mm (when the width L of the peripheral electrodes 14a to  14d is
set to less than 10 mm, the arcs cannot be sufficiently grown and 5 hence
it is conceivable that the amount of energy utilized for crushing is
consequently reduced. Depending on the positions of adjacent arcs, there
is a possibility of such a phenomenon that the adjacent arcs (for example,
the arc generated between the peripheral electrodes 14a and 14b and the
arc generated between the peripheral electrodes 14b and 14c) are connected
10 with each other. Also in this case, it is conceivable that the amount of
energy utilized for crushing is reduced). In the coaxial electrode 1,
convex portions 21a to 21d may be formed  on the peripheral electrodes 14a
to 14d on positions different from each  other in the circumferential
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
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 coaxial 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. -22 Industrial Availability As hereinabove described, the
electrode 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,
comprising: a central conductor (12, 17) extending along a central axis and
5 having an outer peripheral surface; an insulating member (13, 18)
arranged on the outer peripheral  surface of said central conductor (12,
17); and a peripheral conductor (15) arranged to enclose said insulating
member (13, 18), wherein 10 said peripheral conductor (15) includes:  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. 15 2. The electrode (1) for a crusher according to claim 1,
wherein  said central conductor (12, 17) includes an end causing a
discharge,  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  20 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. 25
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). 30 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.  -24 5. The electrode
(1) for a crusher according to claim 3, wherein  said projection (22a, 22b,
28a, 28b) projects in the radial direction of  said central axis. 5 6. The
electrode (1) for a crusher according to claim 3, wherein  said projection
(2 la to 21c) includes: a first projection (2 la) formed on either one of
said first and second  conductors (14a, 14b), and a second projection (21b,
21c) formed on a position different from the  10 position of said first
projection (2 la) in the circumferential direction of said  central axis on
at least either one of said first and second conductors (14a,  14b). 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 (2 la 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 (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 claim 9, wherein  said projection projects in the radial
direction of said central axis.  -25 12. The electrode (1) for a crusher
according to claim 9, wherein  said projection (2 la to 21d) includes: a
first projection (2 la) formed on one conductor selected from the  5 group
consisting of said first conductor (14a), the second conductor (14b)  and
the additional conductor (14c, 14d), and a second projection (21b to 21d)
formed on a position different from  the position of said first projection
(2 la) in the circumferential direction of  said central axis in at least
one conductor selected from the group 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. -26 


