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5,070/64 
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ABSTRACT OF THE DESCLOSURE 
A technique and apparatus for crushing materials by 

electro-hydraulic techniques is characterized by arranging 
for a spark to be discharged through a liquid containing 
the material to be crushed, wherein the total time of dis 
charge is not more than about 1 micro-second. This is 
achieved by designing the apparatus to have an extremely 
low inductance. 

The present invention relatesto improvements in elec 
tro-hydraulic techniques. 

It has long been known that a spark discharge taking 
place in a liquid causes intense shock waves to be set 
up in the liquid and these shock waves may be used for 
crushing material in the liquid or for forming material in 
contact with the liquid. Thus, for example electro-hy 
draulic techniques may be used for crushing materials 
such as coal, gravel, chalk orglasses and refractory mate 
rials such as carbides or oxides, which, for one reason or 
another, are difficult to crush by conventional techniques. 
The technique mayalso be used for forming ductile mate 
rials, such as sheet steel and the like, by placing a blank 
in contact with an evacuated die and subjecting the side 
of the blank Iemote from the die to electro-hydraulic 
impulses from spark discharges in a liquid in contact 
with the surface of the blank. Under normal circumstances 
the liquid will usually be water. A well known class of 
electro-hydraulic machines comprises a capacitance which 
is charged to a high voltage from some suitable source 
and is arranged to discharge via an air gap or other gas 
gap in series with a liquid gap, with the gas gap func 
tioning as a shaping device for the discharge through the 
liquid gap which creates the working discharge. 
The efficiency of the technique in terms of crushing 

depends upon two main factors, namely the electro-acous 
tic efficency and the comminution efficiency. In order to 
increase the overall efficiency of the technique, which 
is at present less efficient than conventional methods, it 
is necessary to raise either the electro-acoustic efficiency 
orthe comminution efficiency. 

It is the object of the present invention to provide 
means for increasing, primarily the electro-acoustic effi 
ciency, in electro-hydraulic crushing techniques. 
According to the present invention a method of apply 

ing electro-hydraulic techniquesto crushing comprises 
discharging essentially all the energy stored in a capacitor 
through a spark discharge gap in a liquid medium in a 
time of not more than about one microsecond. 

Preferably at least 85% of the energy stored in the 
capacitor is discharged in a time of 0.5 microsecond. 
For a conventional circuit the optimum parameters are 

related by i 
L\% 

R=() (1) 
where R is the mean resistance, in ohms, of the liquid 

gap during discharge 
Lis inductance in microhenries. 
Cis capacitance in microfarads. 
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2 
The peak power output of the spark is given by 

CNV P=0.3V2/R=0.3 V() (2) 
where Pis power in megawatts, and Visvoltage in kilo 

volts. 

The duration of the pulse is approximately 
T=5(LC)/2 (3) 

where T is total duration of the pulse in microseconds. 
We have found that electro-acoustic efficiency is con 

sideraby improved when essentially all the energy stored 
in the capacitor is discharged across the spark gap in a 
time which is of the order of one microsecond and that 
preferably at least 85% of the energy in the capacitor 
should be discharged in 0.5 microsecond. These conditions 
are amply fulfilled if T is of the order of 0.5 microsec 
ond. The time for peak power output, is related to Tand 
would in such a case be of the order of 0.15 microsecond. 

Consideration of the above equations will show that to 
get a very short discharge time it is necessary to use low 
inductances and capaictances but that, on the other hand, 
to obtain a high power it is necessary to use relatively 
large capacitances and voltages. Thus, the time of dis 
charge depends upon the product of inductance and 
capacitance whist for a given voltage the power depends 
upon the square root of the ratio of capacitance to in 
ductance. It consequently follows that if the electro-acous 
tic efficiency is to be improved it is necessary to use a 
very low inductance circuit. 

According to a further aspect of the present invention 
there is provided electro-acoustic spark discharge crush 
ing apparatus comprising a spark discharge gap in a con 
taining vessel, such gap being defined by a pair of elec 
trodes adapted to be immersed in a liquid medium con 
tained in the said containing vessel, such electrodes being 
connected via a gas spark gap to opposite plates of at 
least one capacitor which is adapted to be connected to a 
source of high potential, the circuit comprising the two 
spark gaps and the capacitor having an inductance of 
not more than 0.1 microhenry and the capacitance is 
such that the energy thereof is discharged in a time of 
notmore than one microsecond. 

It follows that with such a low value of inductance a 
practical value of capacitance will be of the order of 
0.1 microfarad, which will give a value for T of 0.5 
microsecond. This gives a value for R of 1 ohm and a 
value as great as this may be obtained in practice. 

In practice we have found that there is a lower limit 
to the capacitance which may be employed in an en 
deavour to reduce the spark discharge time as, in the 
first place, a very low capacitance will not be able to 
store sufficient energy to disrupt the liquid medium and, 
secondly, the optimum gap resistance will be further in 
creased. 

Thus, the apparatus of the present invention does not 
differ, in its essential parts, from those conventional in 
the art but it does differ fundamentally in the electrical 
values of the circuit formed by these parts and it is in 
the arrangement of the conventional parts to achieve 
the low values of inductance with the consequent low 
value of spark time that the present invention resides 
in one of its aspects. Moreover, the detailed form in 
which the invention is embodied differs from the forms 
previousy proposed. 

In order that the present invention may more readily 
be understood, one embodiment of the same will now 
be described with reference to the accompanying draw 
ing which is a cross-sectional diagrammatic view of 
an electro-hydraulic machine adapted for crushing. 
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Referring now to the drawing, the treatment cell com 
prises a brass tube 1 which is provided with an internal 
lining 2 of suitable insulating material, for example poly 
thene. Below the lining 2, the tube 1is provided with 
a grid 3 and an upflow of Water is arranged to pass 
through the tube 1 in the direction of the arrow A. It 
will be appreciated that the effect of this upflow of water 
is to sweep out of the portion of the tube, represented 
in the drawings, any of the crushed material which has 
been reduced below a specific size which will depend 
upon the specific gravity of the material and the velocity 
of water supplied. 
A first electrode 4 is provided in the tube 1 and con 

sists of a screw-threaded member engaged with a screw 
- threaded bore in the tube 1 in such a manner that the 
electrode passes radially into the tube through the in 
sulating lining 2. The outer end of the electrode 4 is 
provided with a knurled knob 5 to enable the radial posi 
tion of the electrode to be adjusted. 
The tube 1 is provided with a radial tubular extension 

6 diametrically opposite to the electrode 4 and at its 
outer end this extension 6 carries a fiat brass plate 7. 
The brass plate 7 forms one plate of the capacitance and 
the integers 1, 6 and 7 are electrically bonded together 
and to earth so that the electrode 4 is the earthed elec 
trode. It is important to observe that this arrangement 
provides for minimum inductance in the circuit and that 
if, for example, the electrode 4 were connected to the 
plate 7 by means of a loop or strap of a conducting ma 
terial such as copper, the increase in inductance would 
be such that the apparatus would not be within the 
scope of the present invention. 
The eXtension 6 is also lined with insulating material 

8 and as can be seen a web 9 of insulating material 
closes the end of the extension 6 adiacent to the tube 
i, this web 9 being adapted to support a second elec 
trode 10 which passes therethrough into the tube 1 
and which has a hemispherical head 11 located within 
the extension 6. 
A fiat circular plate 12 of insulating material is dis 

posed adjacent to the face of the plate 7 remote from 
the tube 1 and a further circular plate of brass 13 is 
applied to the free face of the plate 12 so as to form 
the other plate of the capacitance, the plate 13 being 
adapted for connection to a high voltage source. The plate 
13 is provided with a centrally located threaded bore 
in which is housed a threaded tube 14 which passes 
axially into the extension 6 and has a hemispherical head 
15. Gas may be passed into the extension 6 by means of 
the bore 16 of the tube 14 and, as can be seen, the tube 
14 with its head 15 are electrically connected to the 
plate 13 of the capacitance so that the heads 11 and 15 
form a gas gap for the generation of the shaping dis 

- charge. The gas pressure at the gas gap may be adjusted 
by means of the bore 16. 
The operation of the apparatus is extremely simple, 

and it will be understood that, the flow of water being 
turned on and a material to be comminuted being present 
between the electrodes 4 and 10, the plate 13 is charged 
to a high voltage by means of a generator connected be 
tWeen it and the earthed plate 7. The electrode 4 is con 
nected to the earthed plate 7 and the head 15 is con 
nected to the high voltage plate 13. In consequence, when 
the potential difference between the plates 7 and 13 
reaches a sufficiently high value, spark discharges will 
take place simultaneously between the heads 11 and 15 
and between the electrodes 4 and 10. The discharge tak 
ing place in the gas gap between the heads 11 and 15 
Serves to shape the discharge which takes place in the 
Water gap between the electrodes 4 and 10. As is known, 
the spark passing between the electrodes 4 and 10 gen 
erates a plasma in the Water, producing intense shock 
Waves within the tube 1 to effect comminution of the 
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4 
material therein, which will then be swept away by the 
stream of water. 

If it is desired to crush material to give a relatively 
fine product from a relatively coarse starting material 
it may be desirable to provide several stages of crushing, 
This may readily be achieved by connecting the cells 
in series so that material crushed in the cell illustrated 
in the drawing passes upwardly, due to the flow of water, 
to reach a second cell situated above the first cell where 
the particle size of the materialis reduced still further. 

For efficiency reasons it mayalso be desirable to provide 
the crushing cell in the form of an annulus in which 
case it will be convenient to provide a plurality of inter 
connected earthed electrodes extending radially from the 
inner wall of the annulus with a plurality of separately 
energized electrodes extending inwardly from the outer 
wall of the annulus. This arrangement may also be used 
with the series arrangement above described in order 
to obtain a helical configuration. 
With voltages of between 7 and 80 kilovolts satis 

factory crushing is obtained, the gap length being 1-2 
cms. with a resistance of the order indicated by Equa 
tion 1. 

in an eXperiment using the apparatus shown in the 
drawings but modified to place 5 capacitors each of 
.005 uf. capacity between the plates 7 and 13 and where 
in the internal diameter of the insulation 2 was 24 
inches (5.6 cms.), a water spark gap of 12 mms. was 
used. The capacitors were charged to 38 kv. to give a 
sparkingrate of 30 per minute. The crushing chamber was 
loaded with 250 gm. of % inch gravel and the water flow 
was 8.5 litres/minute so that gravel crushed to Smaller 
than about 300 microns was washed out of the crushing 
chamber. The mean of several runs gave 95 gms. of 
crushed material for 750 sparks (25 minutes) which cor 
responds to an energy consumption (based on the ca 
pacitors) of 39.5 kilowatt hours per tonne for crushing 
% inch gravel to small than 300 microns. 

I claim: 
1. Electro-acoustic discharge crushing apparatus com 

prising a containing vessel, a first pair of electrodes de 
fining a spark discharge gap in said containing vessel, 
such electrodes being adapted to be immersed in a 
liquid medium contained in the said vessel, a capacitor 
having first and second plates, a second pair of electrodes 
defining a gas spark gap, a connection from one of said 
first pair of electrodes to one of said second pair, con 
nections from the other two electrodesto said capacitor 
plates, the circuit comprising the two spark gaps and 
the capacitor having an inductance of not more than 
0.1 microhenry and the capacitance being such that the 
energy thereof is discharged in a time of not more than 
about one microsecond. 

2. The apparatus of claim 1 wherein one of the first 
pair of electrodes is electrically insulated from the con 
taining vessel, the other is directly connected to the con 
taining vessel, and the containing vessel is connected 
directly to one of the plates of the capacitor. 

3. The apparatus of claim 2 wherein the containing 
vessel is formed integrally with one plate of the capacitor. 

4. The apparatus of claim 2, wherein said direct con 
nection is in the form of a metallic tube surrounding, 
but insulated from, said second pair of electrodes. 
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