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This invention relates generally to an electrohydraulic 
spark discharge system having an improved working me 
dium for greater operating e?iciency. More particularly, 
the present invention relates to an improved electro 
hydraulic system with a modi?ed dielectric liquid op 
eratively associated with the spark gap to reduce energy 
loss during the discharge cycle. 

Electrohydraulic systems convert electrical energy to 
a steep pressure wave in a liquid medium for useful 
work. The energy released takes place by spark dis 
charge across a suitable gap at su?iciently high rates 
to cause ionization of liquid in the gap. The working 
force represented by the pressure wave is of su?‘icient 
magnitude to form metal members in communication 
with the working ?uid for such useful operations as 
forging, hole drilling, bending, and the like. Utilization 
of the electrohydraulic working force has been suggested 
for such other diversi?ed applications as rock crushing, 
pile driving, material compaction, and vibratory devices 
Past systems often employ conventional dielectric liquids 
such as water or hydrocarbon ‘oil for the energy con 
version medium. Alternately, ionic liquids such as 
aqueous salt solution were found useful since the dis 
charge phenomenon depends primarily upon ionization 
of the working ?uid rather than ionic conductance there 
through. Faster ionization favorably in?uences rate of 
energy release and traditionally the working ?uid has 
been a single phase liquid with uniform vaporization 
characteristics. It has been reported that discharge occurs 
more rapidly with consequent faster rate of pressure 
buildup in salt water. On the other hand, it has also 
been reported that a soluble ionic compound in the work 
ing ?uid lowers conversion e?iciency of electrical energy 
to the pressure Wave. An electrohydraulic working ?uid 
providing faster discharge for greater pressure generation 
in the medium without attendant lower energy conversion 
would be of great bene?t. 

It is one important object of the invention, therefore, 
to provide a more e?icient electrohydraulic system. 

It is still another important object of the invention to 
provide a more suitable working ?uid for repetitive spark 
discharge in an electrohydraulic system. 

Still, another important object ‘of the invention is to 
provide a working ?uid permitting extension of the elec 
trohydraulic spark gap at given energy levels for greater 
pressure wave generation upon discharge and less erosion 
of the gap construction 

These and other important objects and advantages of 
the invention will be apparent from the following de 
scription taken in connection with the accompanying 
drawings in which: 
FIGURE 1 is a schematic electrical diagram illustrating 

one electrohydraulic system of the invention, and 
FIGURE 2 represents a different electrohydraulic sys 

tem of the invention. 
Brie?y, the improved electrohydraulic spark discharge 

systems of the invention comprise a source of high volt 
age electrical energy, capacitor storage means for the 
electrical energy, means for discharging the stored elec 
,trical energy in pulse ‘form, and means for conducting 
the energy pulse to a spark gap :operatively associated 
with a working ?uid containing particulate conducting 
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solids. The improved working ?uid comprises a multi~ 
phase composition having a continuous phase of dielectric 
liquid and a dispersed phase of conductive particulates 
which are substantially insoluble in the liquid. The term 
“dispersed” as used to described the working ?uid signi 
?es ability to be dispersed in the continuous phase by 
spark discharge as well as the more conventional con 
notation of a suspension which does not readily settle 
out of the liquid. 

While the exact mechanism of electrohydraulic energy 
conversion is a complex phenomenon not fully understood 
at present, some explanation of the operative principles in 
volved serves to distinguish the present systems from con 
ventional practice. Delivery of 'high voltage electrical en 
ergy to the spark gap is at a faster rate than the medium’s 
ability to absorb the heat. Consequently, the liquid me 
dium is vaporized in the gap vicinity undergoing at least 
partial ionization. Subsequent expansion of plasma 
bubble during the short time interval of energy release 
produces a shock wave in the remaining noncompressible 
liquid environment. Understandably, there is both a 
time interval for ionization to proceed across the gap and 
the necessary energy expenditure to produce ionization. 
The presence of particulates in the working ?uid shortens 
the liquid path across the spark gap. Since there is 
now less liquid in the gap, conceivably, the energy ex 
penditure for gap ionization might also be reduced. 
Surprisingly, it has been found that a dispersion of elec 
trically conductive particulates in the spark gap achieves 
both desired results. While the mechanism producing 
the desirable effect cannot be de?ned precisely as yet, the 
phenomenon may be analogous in certain aspects to dielec 
tric breakdown in solid insulation, Dielectric failure of 
the solid occurs when an applied potential establishes 
an arc path throughout the entire medium. Breakdown 
is enhanced by presence of discontinuities in the insulation 
which ionize to form a conductive path under the elec 
trical stress or exhibit electrical conductivity in the origi 
nal condition. If the discontinuities originally conduct 
current, there will be little or no energy expenditure in 
ionizing this portion of the medium. Upon ionization 
or conduction through said discontinuities, the thickness 
of the insulation barrier to current ?ow is eifectively re 
duced and the originally applied potential achieves con 
duction through the entire medium. The time interval 
for dielectric breakdown in solid insulation is often 
shortened by the nature of discontinuities in the me 
dium. While electrohydraulic energy conversion di?ers 
in most other aspects from the dielectric breakdown 
phenomenon above described, the similarities pointed 
‘out are believed helpful to better understand the functions 
performed by conductive particulates in the working 
?uid. 
For practice of the invention, conductive particles may 

be dispersed in the Working ?uid by conventional tech 
nique to form a stable suspension. Emulsi?ers, dispers 
ing agents, or selection of a dielectric liquid with similar 
density to the particulate material provide known means 
'for suspending solids in a liquid environment. It is also 
contemplated to physically circulate the Working ?uid 
during spark discharge as will be subsequently described 
in greater detail hereinafter in the speci?cation. Addi 
tionally, upon spark discharge, particulates which may 
be settled in the liquid receive sufficient impetus to pro 
duce the desired dispersion. Preferred particulates for 
incorporation in the dielectric liquid are metal composi 
tions including metal elements, alloys, and metallic com 
pounds exhibiting good electrical conductivity, substan 
tial insolubility in the liquid, and reasonably resistant 
to mechanical disintegration from the shock wave gener 
ated by spark discharge. While energy conservation is 
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achieved at even minute concentrations of particulates in 
the working ?uid, ‘it has been found desirable to restrict 
the upper concentration limit below that resulting in 
decreased volume resistivity of the mixture below around 
1000 ohm-centimeters. Lower volume resistivity pro 
duces other power losses during spark discharge so that 
the dielectric liquid of the working ?uid must exhibit the 
mentioned resistivity characteristics. One form of un 
desirable energy dissipation with low resistance working 
?uids is spark reignition during a single pulse from the 
associated high energy electrical circuit. More particu 
larly, in electrohydraulic systems, the ?rst cycle of cur 
rent across the gap is of such higher magnitude than all 
successive cycles that little or no useful work is accom 
plished during the latter discharge. Spark reignition 
thereby dissipates energy otherwise available during the 
work-producing discharge. 

‘Having described the invention generally, it may be 
practiced in its preferred embodiments as hereinafter 
explained with reference to applicants’ drawings. Accord 
ingly, in FIGURE 1 vthere is depicted schematically an 
electrohydraulic system employing the above described 
working ?uid in association with a low impedance elec 
trical circuit for efficient energy conversion. Electro 
hydraulic system 1 comprises generally a capacitor dis 
charge circuit 2 connected to chamber means 3 housing 
the work gap element 4 and the working ?uid 5. Capac 
itor discharge circuit 2 comprises a source of high voltage 
electrical energy 6, capacitor storage means 7 for the 
electrical energy, electrical discharge means 8 for releas 
ing the stored electrical energy in pulse form, and con 
ductor means 9 for transmitting the energy pulse received 
to the spark gap. Detailed description of the particular 
discharge circuit chosen for illustration appears in the 
copending application, Serial No. 323,361, ?led Novem 
ber 13, 1963, entitled Electrical Circuit for Electro 
hydraulic Systems, and assigned by the inventor, Edward 
C. Schrom, to the assignee of the present invention. 
Generally, capacitor element v10 is charged to the desired 
voltage level from an adjustable high voltage power 
supply 11 whereupon switch element 12 may be opened 
to disconnect the power supply from the capacitor as a 
safety precaution preventing stored energy from being 
returned to the power supply. Upon discharge of the 
capacitor element, the stored energy may be discharged 
through a three-electrode tube recti?er which provides the 
switch function in discharge means 8. The energy pulse 
received from the discharge means may thereafter be 
transmitted through a shielded coaxial power cable serv 
ing as low impedance conductor means 9 for carrying 
the energy to the spark gap. The complete discharge 
path of the circuit for spark discharge comprises the 
serially connected capacitor, three-electrode tube, power 
cable, and spark gap with electrical return from the 
spark gap taking place through ground connection 13 
in the circuit. Capacitor element 10 of the circuit is 
shown connected to current limiting resistor 14 for relief 
of the residual capacitor charge after discharge through 
the recti?er element 8 upon closure of switch 15. The 
time of residual charge dissipation may be shortened by 
closing second switch 16 in a particular time sequence 
after closure of switch 15. In repetitive discharge, the 
mentioned switch elements are normally operated only 
upon termination of the ?nal discharge cycle. Spark gap 
element 4 of the circuit is located in the working ?uid. 
As shown, the working ?uid comprises a continuous phase 
of dielectric liquid 17 having uniformly dispersed therein 
a quantity of discrete individual metal particles 18. 

In FIGURE 2, there is depicted schematically an 
electrode member 20 having associated chamber means 
21 in which spark discharge is generated. For simplicity 
of understanding, a capacitor discharge circuit of the 
same general con?guration described for FIGURE 1 may 
‘again be employed to provide successive high energy 
electrical pulses to the electrode. The electrode element 
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4 
of the embodiment performs the spark gap function of 
the preceding embodiment being connected in the elec 
trical circuit as previously described. Different conductor 
means 22 are employed for connection of the electrode 
member, iowever, illustrating equivalent construction of 
a low impedance circuit to provide ef?cient energy con 
version. Accordingly, conductor elements 22 leading 
from the electrode and all conductors in the electrical 
circuit may comprise a parallel bus bar network inter 
connecting the circuit components. The individual par 
allel oriented bus elements in the network are separated 
by a distance commensurate with minimum inductance at 
the particular circuit voltage employed for discharge. 
Electrode 2® comprises a longitudinally extending body 
23 having a working tip portion 24 at one end of the 
member and electrical termination portion 25 at its 
opposite end. Body portion 23 consists of a solid elec 
trically conducting rod element 26 at the center axis of 
the member and extending its entire length, hollow con 
ducting sheath 27 of larger internal diameter than the 
rod and disposed coaxially to de?ne a continuous annular 
space with the rod, and dielectric spacer means 28 occupy 
ing the annular space and ‘bonding the sheath to the rod 
to form a unitary solid construction for the length of 
the electrode. Working tip portion 24 is formed by 
adjacent ends of the conducting elements interconnected 
with bonded dielectric and may conveniently have the 
conical con?guration shown in order to regulate the 
shape and/ or direction of the shock wave formed thereat. 
Terminal portion 25 of the electrode consists of electrical 
connector means 29 at?xed directly to the outer surface 
of the sheath having an associated dielectric bushing 30 
to provide electrical separation between said connector 
means and adjacent end portion 31 of the center con 
ducting rod. To insure electrical separation at the rela 
tively high operating voltages employed, it will be advis~ 
able to maintain longer path lengths across the bushing 
than the annular distance separating the conducting ele 
ments. A more detailed description of the embodied 
electrode appears in a copending application, Serial No. 
323,362, ?led November 13, 1963, entitled Electrode, 
and assigned by the inventor Edward C. Schrom to the 
assignee of the present invention. 
Chamber 21, in which the electrohydraulic work force 

is generated, has means associated therewith for circulat 
ing the working ?uid during spark discharge. The circu 
lation means 32 may consist of a liquid pump 33 with 
inlet and discharge sides connected directly to the cham 
ber by conduit means 34 for sustained ?ow of the working 
?uid past the electrode. Liquid ?ow rate may thereby 
be established in the chamber sufficient to keep the par 
ticulate matter of the working ?uid in dynamic suspension. 
From the foregoing description, it is apparent that 

improved electrohydraulic systems have been provided. 
Additionally, an improved working ?uid has been pro 
vided to permit more e?icient energy conversion by the 
general process. By reason of the longer spark gap 
distances at given energy levels made possible with the 
present type working ?uid, there is less erosion of pole 
members de?ning the gap opening. It is not intended to 
limit the invention to the preferred embodiments above 
shown, however, since other modi?cations of the inventive 
concept are contemplated. 'For example, use of particu 
lates in the dielectric liquid having similar chemical com 
position to the conducting elements de?ning the gap, 
surprisingly, further reduces gap erosion. Likewise, while 
the particulates can ‘be ?nely'divided powders under 
approximately 100 mesh U.S. screen size for ease of 
suspension in the dielectric liquid, it is contemplated to 
employ larger size particulates for longer useful life in 
repetitive discharge operation. Particulates undergo grad 
ual erosion from the shock treatment and larger size 
particles outlast smaller material under such conditions. 
It is intended to limit the present invention, therefore, 
only to the scope of the following claims. 
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What we claim as new and desire to secure by Letters 
Patent of the United States is: 

1. An electrohydraulic spark discharge system which 
comprises a source of high voltage electrical energy, 
capacitor storage means for the electrical energy, elec 
trical discharge means for releasing the stored electrical 
energy in pulse form, and conductor means for trans 
mitting the energy pulse to a spark gap immersed in a 
working ?uid, said working ?uid comprising a multiphase 
composition having a continuous phase of dielectric 
liquid and a dispersed phase of electrically conductive 
substantially insoluble particulates. 

2. An electrohydraulic spark discharge system which 
comprises a transformer source of high voltage electrical 
energy, capacitor storage means for the electrical energy, 
recti?er means for discharging the stored electrical energy 
in pulse form, and conductor means for transmitting the 
energy pulse to a spark gap immersed in a working ?uid, 
said working ?uid comprising a multiphase composition 
having a continuous phase of dielectric liquid and a dis 
persed phase of electrically conductive substantially in 
soluble particulates. 

3. An electrohydraulic spark discharge system which 
comprises a low impedance electric-a1 circuit de?ned by 
series connection of a transformer source of high voltage 
electrical energy, capacitor storage means for the elec 
trical energy, electronic recti?er means for discharging 
the stored electrical energy in pulse form, and conductor 
means for transmitting the energy pulse to a spark dis 
charge electrode immersed in a working ?uid, said work 
ing ?uid comprising a multiphase composition having a 
continuous phase of dielectric liquid and a dispersed 
phase of electrically conductive substantially insoluble 
particulates. 

4. An electrohydraulic spark discharge system which 
comprises a low impedance electrical circuit de?ned by 
series connection of a transformer source of high voltage 
electrical energy, capacitor storage means for the elec 
trical energy, electronic recti?er means for discharging 
the stored electrical energy in pulse form, and conductor 
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means for transmitting the energy pulse to a spark dis~ 
charge electrode having common electrical ground means 
with the capacitor storage means and immersed in a 
working ?uid, said working ?uid comprising a multiphase 
composition having a continuous phase of dielectric liquid 
and a dispersed phase of electrically conductive sub 
stantially insoluble particulates. 

5. An electrohydraulic spark discharge system which 
comprises a low impedance electrical circuit de?ned by 
series connection of a transformer source of high voltage 
electrical energy, capacitor storage means for the elec— 
trical energy, electronic recti?er means for discharging 
the stored electrical energy in pulse form, means for 
conducting the energy pulse to a spark discharge electrode 
immersed in a working ?uid, and circulating means for 
?owing the working ?uid past the electrode, said working 
?uid comprising a multiphase composition having a 
continuous phase of dielectric liquid and a dispersed 
phase of electrically conducting substantially insoluble 
particulates. 
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