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AN ELECTRO-DISCHARGE MACHINING TOOL AND A METHOD OF USING THE SAME 

 

Field of the Disclosure 

The present disclosure relates to a hand-held electro-discharge machining tool and 

particularly, but not exclusively, to a hand-held electro-discharge machining tool for 5 

removing fasteners. 

 

Background to the Disclosure 

Electric Discharge Machining (EDM) is a well-known technique that is used for the 

machining of metal materials.  EDM as the title suggests creates an electrical discharge 10 

by the removal of material from a workpiece.  The electrical discharge phenomenon 

results from an electrical voltage being applied between an electrode and the 

workpiece.  Typically, the electrical voltage is applied in the form of a high frequency 

pulsed waveform.  In conventional EDM machining operations, the electrode and the 

workpiece are both immersed in a dielectric fluid bath. 15 

 

Control of the voltage, pulse frequency, and electrode-to-workpiece gap enable the 

electrical discharge, and hence the material removal, to be controlled.  The mark space 

ratio of the spark duration versus the quench duration is controlled to ensure that the 

temperatures of the workpiece and the electrode bulk material do not reach their 20 

corresponding melting temperatures. 

 

Complex mechanical assemblies such as, for example, turbofan gas turbine engines, are 

often required to be disassembled for service, maintenance or repair purposes.  The 

separation of such large assemblies into smaller sub-assemblies or component parts is 25 

typically labour intensive with the requirement to separate bolted joints that have been 

subjected to extremes of thermal and/or mechanical conditions.  Such bolted joints are 

frequently mechanically seized and require machining operations in order to separate 

them. 
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Conventional machining techniques often cannot be used to separate such joints 

assemblies due to the work hardening nature of the materials.  Furthermore, there are 

often access limitations resulting from the design of the assembly that result in fasteners 

that have very limited access.  Such limited access prohibits the use of conventional 5 

machining techniques because the machine tool cannot reach the fastener. 

 

An example of a prior art portable EDM device is disclosed in US 8,178,814.  This 

portable device requires an operator to hold a tool against a workpiece whilst an 

electrode is advanced towards the surface of the workpiece.  Such tools are restricted to 10 

use in regions that are easily accessible by hand because the operator must apply a force 

against the workpiece surface to operate the device.  Direct line of sight to the region to 

be eroded is required for positioning.   The reach of such devices is limited to the length 

of arm of the operator and the operator’s ability to see the target surface. 

 15 

Statements of Disclosure 

According to a first aspect of the present disclosure there is provided an electro-

discharge machining (EDM) device comprising: 

  a housing configured to be positioned on a surface of a workpiece and 

proximal to a fastener to be eroded; 20 

  an erosion electrode positioned at least partially within the housing, the 

erosion electrode being movable relative to the housing in a first axis, the first axis being 

substantially normal to a longitudinal axis of the fastener;  

  a ground electrode being conductively connected to the fastener; and 

  a dielectric inlet being configured to deliver a dielectric fluid to a region 25 

between the erosion electrode and the fastener. 

 

The EDM device of the disclosure can be used in a location in which the fastener to be 

eroded is not easily accessible by hand.  The prior art EDM devices require that the 

human operator applies hand pressure to the EDM device in order to maintain the 30 

position of the erosion electrode relative to the component to be eroded, and also to 
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ensure that the distal end of the device seals against the workpiece to prevent leakage 

of dielectric fluid.  Indeed, provided the housing of the EDM device can be positioned 

proximal to the fastener to be eroded then the EDM device can be remotely operated to 

erode the fastener.  This positioning operation may be carried out by a manipulator, 

whether robotic, autonomous or mechanically controlled by an operator. 5 

 

In contrast, prior art portable EDM devices are restricted to use in regions in which an 

operator can both reach the fastener to be eroded and in which the operator has a 

direct line of sight to the fastener so that the EDM device can be correctly positioned.  

Incorrect positioning of such a portable EDM device can results in erosion of the 10 

incorrect part of the workpiece, which may result in the workpiece requiring costly and 

lengthy repair or even in the workpiece being scrapped. 

 

Optionally, the erosion electrode is planar. 

 15 

The use of a planar geometry for the erosion electrode enables the electrode portion to 

be easily and cheaply manufactured.  A planar erosion electrode may more easily be 

moved in and out of the housing along the first axis because such movement may be 

linear. 

 20 

In one arrangement, the erosion electrode has a flat planar geometry that extends 

linearly in a flat plane.  In this arrangement the erosion electrode has a flat cross-

sectional geometry. 

 

In another arrangement, the erosion electrode may have a curved planar geometry in 25 

which a cross-sectional geometry of the erosion electrode is, for example, a semi-circle 

or part thereof. 

 

In a further arrangement, the erosion electrode may have a tubular planar geometry in 

which a cross-sectional geometry of the erosion electrode is, for example, circular or 30 

elliptical. 
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Optionally, the housing comprises one or more alignment portions, and the or each 

alignment portion of the housing is configured to locate against the fastener, to secure 

the housing proximal to the fastener. 

 5 

Optionally, the fastener extends from the workpiece, the workpiece comprises one or 

more alignment features, the housing comprises one or more alignment portions, and 

the or each alignment portion of the housing is configured to locate against a 

corresponding alignment feature of the workpiece, to secure the housing proximal to 

the fastener. 10 

 

The housing may comprise one or more alignment portions that locate against the 

fastener to securely position the housing relative to the fastener. 

 

The or each alignment portion may also incorporate the ground electrode so as to 15 

conductively connect to the fastener. 

 

The interconnection between the one or more alignment portions and the 

corresponding alignment features means that the housing of the EDM device can be 

securely held against the surface of the workpiece without the need for an operator to 20 

hold the housing in place.  This enables the EDM device to be operated in regions which 

are inaccessible to a human operator.  This in turn makes the EDM device more useful 

and hence convenient for a user. 

 

Optionally, the EDM device further comprises a dielectric outlet, wherein the dielectric 25 

outlet is configured to evacuate the dielectric fluid from the working region. 

 

The dielectric outlet provides a suction pressure to evacuate the dielectric fluid from the 

region between the erosion electrode and the fastener.  This prevents the dielectric fluid 

from spilling over the workpiece and makes the EDM device more convenient for a user. 30 
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The dielectric outlet evacuates the dielectric fluid that has occupied the space between 

the erosion electrode and the fastener and has accumulated eroded particles from the 

fastener.  This particle laden dielectric fluid can then be filtered to remove the debris 

particles and recycled back to the dielectric inlet. 

 5 

Optionally, the housing is configured to enclose a working volume when positioned 

against the workpiece, the fastener extends from the workpiece into the working 

volume, the erosion electrode moves within the working volume, and the dielectric fluid 

is delivered into the working volume. 

 10 

By enclosing a working volume, the housing provides a limited space into which the 

dielectric fluid is delivered.  This means that a smaller volumetric flow rate of the 

dielectric fluid will be required to flood the region between the erosion electrode and 

the fastener.  

 15 

Optionally, an outlet flow through the dielectric outlet produces a working pressure 

within the working volume, the working pressure being less than an ambient pressure 

surrounding the housing. 

 

Maintaining a working pressure within the working volume at a lower pressure than the 20 

ambient pressure surrounding the housing causes the housing to be pressed against the 

surface of the workpiece.  This aids location of the housing against the workpiece and 

relative to the fastener.  This also provides for a more complete seal between the 

housing and the surface of the workpiece so minimising leakage of the dielectric fluid 

from the working volume. 25 

 

The lower working pressure within the housing assists in containing the dielectric fluid 

within the housing during operation of the EDM device. 
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Optionally, a difference between the ambient pressure and the working pressure is a 

working pressure drop, and the working pressure drop is preferably greater than 14 kPa, 

and more preferably greater than 28 kPa. 

 

A working pressure drop of approximately 5 psi (approximately 35 kPa) provides a 5 

balance between the increased energy required to produce the pressure drop and the 

improved sealing behaviour of the joint between the housing and the surface of the 

workpiece.  However, a working pressure drop of less than 5 psi may still provide an 

improvement in sealing behaviour. 

 10 

Optionally, the EDM device further comprises an electric motor, wherein the electric 

motor is configured to bi-directionally move the erosion electrode relative to the 

fastener along the first axis. 

 

The use of an electric motor to bi-directionally drive the erosion electrode to and from 15 

the fastener enables the motion of the erosion electrode to be precisely controlled.  This 

control may be implemented by a computer or other microprocessor unit. 

 

Optionally, the erosion electrode has a lateral width that is greater than a lateral width 

of the fastener to be eroded. 20 

 

The erosion electrode has a lateral width that is greater than a lateral width of a bolt 

portion of the fastener to be eroded, which means that the erosion electrode can erode 

the entire cross-section of the bolt portion of the fastener in a single pass.  This makes 

the EDM device quicker and more cost effective than prior art devices. 25 

 

Optionally, the erosion electrode is flat. 

 

The use of a flat geometry for the erosion electrode makes the electrode simple and cost 

effective to replace.  Since the erosion electrode is consumable it is necessary to make 30 

provision for frequent replacement of this part and hence to minimise user intervention. 



- 7 - 

 

In an alternative arrangement the erosion electrode is hollow with the dielectric inlet 

being provided through the hollow erosion electrode.  This arrangement simplifies the 

structure of the EDM device by eliminating the separate dielectric inlet. 

 5 

Optionally, the EDM device further comprises a cartridge portion, wherein the erosion 

electrode is accommodated within the cartridge portion, and the cartridge portion is 

removably positioned within the housing. 

 

As outlined above the erosion electrode is a consumable component part and may be 10 

required to be replaced for each fastener that is to be eroded.  By making the erosion 

electrode part of a cartridge portion it is possible to quickly and easily replace the 

erosion electrode by replacing the cartridge portion.  This makes the EDM device more 

convenient for a user. 

 15 

The cartridge portion is arranged to correspond to the geometry of the particular 

fastener and workpiece arrangement to which the EDM device is being applied.  In other 

words, the cartridge portion is bespoke to the particular fastener and workpiece 

arrangement. 

 20 

In an alternative arrangement, the housing and the cartridge portion are integrally 

formed.  This makes the EDM device more convenient and easier for a user to operate. 

 

Optionally, the fastener extends above a surface of the workpiece, and the plane of the 

erosion electrode is offset from the surface of the workpiece by a clearance. 25 

 

In arrangements where the fastener extends above the surface of the workpiece it is 

often necessary to prevent any damage to the surface of the workpiece or the 

components to be disassembled.  Consequently, by offsetting the plane of the erosion 

electrode from the surface of the workpiece the EDM operation cannot impinge on the 30 

surface of the workpiece and so prevents damage to the underlying surface. 
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According to a second aspect of the present disclosure there is provided a method of 

electro-discharge machining a fastener, the fastener being located in a workpiece, the 

method comprising the steps of: 

  providing an EDM device comprising a housing, an erosion electrode, and 5 

a ground electrode; 

  positioning the housing on a surface of the workpiece and proximal to the 

fastener; 

  positioning the ground electrode in conductive connection with the 

fastener; 10 

  delivering a dielectric fluid to a region between the erosion electrode and 

the fastener; 

  moving the erosion electrode in a first axis towards the fastener, the first 

axis being substantially normal to a longitudinal axis of the fastener; and 

  generating an electrical potential in the erosion electrode sufficient to 15 

cause a breakdown in a gap between the erosion electrode and the fastener, to thereby 

cause a portion of the fastener to be eroded, the eroded portion being suspended in the 

dielectric fluid. 

 

The EDM device of the disclosure can be used in a location in which the fastener to be 20 

eroded is not easily accessible by hand.  Indeed, provided the housing of the EDM device 

can be positioned proximal to the fastener to be eroded then the EDM device can be 

operated to erode the fastener.  This positioning operation may be carried out by a 

manipulator, whether robotic, autonomous or mechanically controlled by an operator. 

 25 

In contrast, prior art portable EDM devices are restricted to use in regions in which an 

operator can both reach the fastener to be eroded and in which the operator has a 

direct line of sight to the fastener so that the EDM device can be correctly positioned.  

Incorrect positioning of such a portable EDM device can results in erosion of the 

incorrect part of the workpiece, which may result in the workpiece requiring costly and 30 

lengthy repair or even in the workpiece being scrapped. 
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Optionally, the erosion electrode is planar. 

 

The use of a planar geometry for the erosion electrode enables the electrode portion to 

be easily and cheaply manufactured.  A planar erosion electrode may more easily be 5 

moved in and out of the housing along the first axis because such movement may be 

linear. 

 

Optionally, the step of positioning the housing on a surface of a workpiece and proximal 

to the fastener, comprises the steps of: 10 

  providing at least one alignment feature on the workpiece; 

  providing the housing with at least one alignment portion; and 

  positioning the housing on the surface of the workpiece and proximal to 

the fastener with the or each alignment portion being located against a corresponding 

one of the or each alignment features. 15 

 

The interconnection between the one or more alignment portions and the 

corresponding alignment features means that the housing of the EDM device can be 

securely held against the surface of the workpiece without the need for an operator to 

hold the housing in place.  This enables the EDM device to be operated in regions which 20 

are inaccessible to a human operator.  This in turn makes the EDM device more useful 

and hence convenient for a user. 

 

Optionally, the method comprises the additional step of: 

  evacuating the dielectric fluid from the EDM device. 25 

 

The dielectric outlet provides a suction pressure to evacuate the dielectric fluid from the 

region between the erosion electrode and the fastener.  This prevents the dielectric fluid 

from spilling over the workpiece and makes the EDM device more practical in the factory 

setting. 30 
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The dielectric outlet evacuates the dielectric fluid that has occupied the space between 

the erosion electrode and the fastener and has accumulated eroded particles from the 

fastener.  This particle laden dielectric fluid can then be filtered to remove the debris 

particles and recycled back to the dielectric inlet. 

 5 

Optionally, the step of positioning the housing on a surface of the workpiece and 

proximal to the fastener, comprises the step of: 

  positioning the housing on a surface of the workpiece and proximal to the 

fastener, to enclose a working volume, with the fastener extending into the working 

volume;  10 

 and the step of moving the erosion electrode in a first axis towards the fastener, 

the first axis being substantially normal to a longitudinal axis of the fastener, comprises 

the steps of: 

  positioning the erosion electrode within the working volume, and moving 

the erosion electrode in a first axis towards the fastener, the first axis being substantially 15 

normal to a longitudinal axis of the fastener. 

 

By enclosing a working volume, the housing provides a space into which the dielectric 

fluid is delivered.  This means that requiring the dielectric fluid to flood the region 

between the erosion electrode and the fastener improves the removal of debris particles 20 

and so improves the efficiency of the flushing process.  

 

Optionally, the step of delivering a dielectric fluid to a region between the erosion 

electrode and the fastener, comprises the subsequent step of: 

  generating an outlet flow from the EDM device to produce a working 25 

pressure within the working volume, where the working pressure is less than an ambient 

pressure surrounding the housing. 

 

The dielectric outlet provides a suction pressure to evacuate the dielectric fluid from the 

region between the erosion electrode and the fastener.  This prevents the dielectric fluid 30 

from spilling over the workpiece and makes the EDM device more convenient for a user. 



- 11 - 

 

The dielectric outlet evacuates the dielectric fluid that has occupied the space between 

the erosion electrode and the fastener and has accumulated eroded particles from the 

fastener.  This particle laden dielectric fluid can then be filtered to remove the debris 

particles and recycled back to the dielectric inlet. 5 

 

Maintaining a working pressure within the working volume at a lower pressure than the 

ambient pressure surrounding the housing causes the housing to be pressed against the 

surface of the workpiece.  This aids location of the housing against the workpiece and 

relative to the fastener.  This also provides for a more complete seal between the 10 

housing and the surface of the workpiece so preventing leakage of the dielectric fluid 

from the working volume. 

 

According to a third aspect of the present disclosure there is provided a computer 

program that, when read by a computer, causes performance of the method according 15 

to the second aspect. 

 

The computer program may include details of the fastener to be eroded (material type, 

fastener size, time required for erosion process, etc.), together with a look-up routine to 

access the above-mentioned stored data from the computer readable storage medium.   20 

 

According to a fourth aspect of the present disclosure there is provided a non-transitory 

computer readable storage medium comprising computer readable instructions that, 

when read by a computer, causes performance of the method according to the second 

aspect. 25 

 

The computer readable storage medium may contain data about the material properties 

of the fastener together with associated pulsed voltage waveform data and dielectric 

fluid flow requirements.   

 30 
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According to a fifth aspect of the present disclosure there is provided a signal comprising 

computer readable instructions that, when read by a computer, causes performance of 

the method according to the second aspect. 

 

The above-mentioned data stored in the computer readable storage medium may then 5 

be used to generate the required pulsed voltage waveform to the erosion electrode, to 

effect the appropriate drive signals to the electric motor to advance the erosion 

electrode, and also to provide the flow of dielectric fluid to the housing. 

 

In an alternative arrangement, each of the housing 110 and cartridge portion 116 may 10 

comprise an RFID tag.  This simplifies the configuration and selection of the EDM device 

by a user.  The use of RID tags also facilitates the automation of the EDM process using 

the EDM device of the disclosure. 

 

The skilled person will appreciate that except where mutually exclusive, a feature or 15 

parameter described in relation to any one of the above aspects may be applied to any 

other aspect. Furthermore, except where mutually exclusive, any feature or parameter 

described herein may be applied to any aspect and/or combined with any other feature 

or parameter described herein. 

 20 

Brief Description of the Drawings 

There now follows a description of an embodiment of the disclosure, by way of non-

limiting example, with reference being made to the accompanying drawings in which: 

 

 Figure 1 shows a schematic perspective view of an EDM device according to a 25 

first embodiment of the disclosure; 

 Figure 2 shows a perspective view of an EDM device according to a second 

embodiment of the disclosure, positioned on a surface of a workpiece;  

 Figure 3 shows a sectional view of the EDM device and workpiece of Figure 2; and 

 Figure 4 shows a schematic arrangement of the EDM device of the present 30 

disclosure with an associated base station. 



- 13 - 

  

It is noted that the drawings may not be to scale.  The drawings are intended to depict 

only typical aspects of the disclosure, and therefore should not be considered as limiting 

the scope of the disclosure.  In the drawings, like numbering represents like elements 

between the drawings. 5 

 

Detailed Description 

Referring to Figure 1, an electro-discharge machining device (EDM) according to a first 

embodiment of the disclosure is designated generally by the reference numeral 100. 

 10 

The EDM device 100 comprises a housing 110, a planar erosion electrode 140, a ground 

electrode 150 and a dielectric inlet 160.  The housing 110 can be positioned on a surface 

122 of a workpiece 120, and proximal to a fastener 130 that is to be eroded.  The 

fastener 130 comprises a bolt portion 128 and a nut portion 129.  The bolt portion 128 is 

externally threaded and is threadingly received within the corresponding internally 15 

threaded portion of the nut portion 129.  The bolt portion 128 has a lateral width 134. 

 

The planar erosion electrode 140 is positioned at least partially within the housing 110.  

The erosion electrode 140 is movable relative to the housing 110 in a first axis 142.  The 

first axis 142 is substantially normal to a longitudinal axis 132 of the fastener 130.   20 

 

The ground electrode 150 is conductively connected to the fastener 140.  The ground 

electrode 150 completes an electrical connection back to the erosion electrode 140. 

 

The dielectric inlet 160 delivers a flow of a dielectric fluid 162 to a delivery region 164, 25 

which is the region between the erosion electrode 140 and the fastener 130. 

 

In operation, the motion of the erosion electrode 140 relative to the fastener 130 is that 

of a conventional electro-discharge machining operation.  An electric voltage in the form 

of a high frequency pulsed waveform is applied between the erosion electrode 140 and 30 

the fastener 130.  The erosion electrode 140 is positioned against the fastener 130 with 
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a small gap therebetween, which causes a spark to form in the gap.  The details of this 

EDM operation are well known and will not be described further herein. 

 

Figures 2 and 3, shows an EDM device 100 according to a second embodiment of the 

disclosure.  As shown in Figures 2 and 3, the EDM device 100 is positioned over a 5 

fastener 130 to be eroded, and located against a surface 122 of a workpiece 120.  Figure 

2 is a perspective view of the arrangement, while Figure 3 is a sectional view through a 

mid-plane 118 of the housing 110.  In the example of Figure 2, the workpiece illustrates 

the inaccessible nature of the fastener 130. 

 10 

In the arrangement shown in Figures 2 and 3, the housing 110 encloses the nut portion 

129 of the fastener 130 as it protrudes from the surface 122 of the workpiece 120.  The 

housing 110 defines a working volume 114 into which the fastener 130 protrudes, and 

into which the erosion electrode 140 moves as it approaches the nut portion 129 of the 

fastener 140. 15 

 

The housing 110 includes two alignment portions 112, each positioned on opposite sides 

of one end of the housing 110.  In the embodiment shown these alignment portions 112 

take the form of protruding location pins 112.  The surface 122 of the workpiece 120 has 

a number of alignment features 124, in this case in the form of recesses 124.  Each of the 20 

alignment portions 112 fits closely into a corresponding one of the alignment features 

124.  This ensures that the housing 110 is precisely positioned on the surface 122 of the 

workpiece 120 relative to the fastener 130. 

 

In other arrangements, the alignment features 124 may be protrusions with the 25 

alignment portions 112 being corresponding recesses.  Alternatively, the alignment 

features 124 may be some other geometric shape of the surface 122 of the workpiece 

120, with the alignment portions 112 being correspondingly shaped so as to locate 

against them. 

 30 
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The EDM device 100 has a dielectric outlet 166 that in this arrangement is positioned on 

an upper surface (relative to the surface 122 of the workpiece 120) of the housing 110.  

The dielectric outlet 166 evacuates the dielectric fluid 162 from the working volume 114. 

 

In one arrangement, an outlet flow 168 of the dielectric fluid 162 is such as to generate a 5 

working pressure within the working volume 114.  The working pressure is less than an 

ambient pressure surrounding the housing 110 by a working pressure drop of 35 kPa 

(approximately 5psi).  The working pressure drop urges the housing 110 against the 

surface 122 of the workpiece 120 and assists in the location of the housing 110 against 

the workpiece 120. 10 

 

In the arrangement of Figures 2 and 3, the erosion electrode 130 together with the 

dielectric inlet 160, and an electric motor 170 are all located in a cartridge portion 116.  

The cartridge portion 116 is then removably located in the housing 110. 

 15 

The dielectric inlet 116 comprises an internal channel within the cartridge portion 116 

that directs the dielectric fluid 162 towards the delivery region 164.  The delivery region 

164 is that part of the working volume 114 between the erosion electrode 140 and the 

fastener 130. 

 20 

The electric motor 170 advances and retracts the erosion electrode 140 along the first 

axis 142.  An actuator guide rod 172 provides stability for the electric motor 170 and 

erosion electrode 140.  The erosion electrode 140 passes through a slot at the end of the 

cartridge portion 116 closest to the fastener 130. 

 25 

The movement of the erosion electrode 140 in the first axis 142 is in a plane 146 that is 

offset from the surface 122 of the workpiece 120 by a clearance 148.  This clearance 

ensures that the erosion electrode 140 does not inadvertently damage the surface 122 

of the workpiece 120. 

 30 
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In the arrangement shown in the figures, the erosion electrode 140 is flat.  This 

geometry simplifies the movement of the erosion electrode 140 since this movement 

can be a straight forward linear motion.  In other arrangements, the erosion electrode 

140 may have other geometrical shapes.  The erosion electrode 140 may have a curved 

cross-section, an elliptical cross-section or indeed a cross-sectional shape that is 5 

corresponds to a shape of a fastener that is to be eroded. 

 

In this arrangement, a lateral width 144 of the erosion electrode 140 is greater than the 

lateral width 134 of the bolt portion 128 of the fastener 140.  This means that the 

erosion electrode 140 can cut through the entire axial cross-section of the bolt portion 10 

128 of the fastener 130 in a single pass. 

 

In other arrangements, the lateral width 144 of the erosion electrode 140 may be less 

than a lateral width 134 of the bolt portion 128 of the fastener 140.  This may be 

desirable of the fastener 130 is particularly close to other components of the workpiece 15 

120, or attached to the workpiece 120, and which must not be disturbed or damaged in 

any way. 

 

While the EDM device disclosed in Figures 2 and 3 comprises a single housing 110 with a 

single erosion electrode 140, in alternative arrangements of the disclosure the EDM 20 

device may comprise multiple housings 110 with multiple erosion electrodes 140.  Such 

arrangements enable a user to electro-discharge machine multiple fasteners 

simultaneously.  This makes the EDM device easier and more convenient for a user. 

 

In use, as illustrated in Figure 4, the EDM device 100 is connected to a base station 180 25 

by an umbilical connection 182.  The umbilical connection 182 provides electrical power 

to the electric motor 170, a pulsed electric supply to the erosion electrode 140, a feed 

flow of dielectric fluid 162 to the housing 110, and an exhaust flow 168 of dielectric fluid 

162 from the housing 110. 

 30 
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The base station 180 comprises a dielectric delivery pump 188, a dielectric fluid filter 192 

and a dielectric fluid reservoir 190.  As mentioned previously, the dielectric fluid filter 

192 removes the erosion debris from the dielectric fluid 162 before it is fed to the 

housing 110. 

 5 

The base station also includes a dielectric evacuation pump 194 that provides the 

suction flow to create the working pressure within the working volume 114 of the 

housing 110. 

 

As mentioned earlier, the electro-discharge machining process of the EDM device is 10 

conventional and so the base station also includes an electro-deposition pulse controller 

184 that provides the pulsed voltage waveform to the erosion electrode 140.  Control of 

the electro-deposition process and the EDM device 100 is effected by the system 

controller 195.   

 15 

In this arrangement, the system controller 195 takes the form of a micro-computer 

having a computer readable storage medium 197.  The storage medium 197 comprises 

in turn computer readable instructions 198 that, when read by the computer 195 cause 

operation of the EDM device 100.  For example, the computer readable storage medium 

197 may contain data about the material properties of the fastener 130 together with 20 

associated pulsed voltage waveform data and dielectric fluid flow requirements.  

Consequently, when a user inputs to the system controller 195 the details of the 

fastener 130 to be eroded (material type, fastener size, time required for erosion 

process, etc.), the system controller invokes a look-up routine to access the above-

mentioned stored data from the computer readable storage medium 197.  This is then 25 

used to generate the required pulsed voltage waveform to the erosion electrode 140, to 

effect the appropriate drive signals to the electric motor 170 to advance the erosion 

electrode 140, and also to provide the flow of dielectric fluid 162 to the housing 110. 

 

In use, as illustrated in Figures 2 and 3, the cartridge portion 116 is located in the 30 

housing 110.  The housing 110 is then attached to the surface 122 of the workpiece 120, 
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by means of the alignment portions 112 being located against corresponding ones of the 

alignment features 142.  This location ensures that the direction of motion of the 

erosion electrode 140, i.e. along the first axis 142, is normal to the longitudinal axis 132 

of the fastener 130 and will erode through the desired portion of the fastener 130. 

 5 

The housing 110 and cartridge portion 116 are connected to the umbilical connection 

182.  At this point the electro-discharge process can be implemented and the erosion 

electrode 130 will advance to erode through the fastener 130. 

 

In one or more examples, the operations described may be implemented in hardware, 10 

software, firmware, or any combination thereof.  If implemented in software, the 

operations may be stored on or transmitted over, as one or more instructions or code, a 

computer-readable medium and executed by a hardware-based processing unit.  

Computer-readable media may include computer-readable storage media, which 

corresponds to a tangible medium such as data storage media, or communication media 15 

including any medium that facilitates transfer of a computer program from one place to 

another, e.g., according to a communication protocol.  In this manner, computer-

readable media generally may correspond to (1) tangible computer-readable storage 

media, which is non-transitory or (2) a communication medium such as a signal or carrier 

wave.  Data storage media may be any available media that can be accessed by one or 20 

more computers or one or more processors to retrieve instructions, code and/or data 

structures for implementation of the techniques described in this disclosure.  A 

computer program product may include a computer-readable medium. 

 

By way of example, and not limitation, such computer-readable storage media can 25 

comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk 

storage, or other magnetic storage devices, flash memory, or any other medium that can 

be used to store desired program code in the form of instructions or data structures and 

that can be accessed by a computer.  For example, if instructions are transmitted from a 

website, server, or other remote source using a coaxial cable, fibre optic cable, twisted 30 

pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and 
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microwave, then the coaxial cable, fibre optic cable, twisted pair, DSL, or wireless 

technologies such as infrared, radio, and microwave are included in the definition of 

medium.  It should be understood, however, that computer-readable storage media and 

data storage media do not include connections, carrier waves, signals, or other transient 

media, but are instead directed to non-transient, tangible storage media.  Disk and disc, 5 

as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc 

(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically, 

while discs reproduce data optically with lasers.  Combinations of the above should also 

be included within the scope of computer-readable media. 

 10 

Instructions may be executed by one or more processors, such as one or more DSPs, 

general purpose microprocessors, ASICs, FPGAs, or other equivalent integrated or 

discrete logic circuitry.  Accordingly, the term “processor,” as used herein may refer to 

any of the foregoing structure or any other structure suitable for implementation of the 

techniques described herein.  In addition, in some aspects, the functionality described 15 

herein may be provided within dedicated hardware and/or software modules.  Also, the 

techniques could be fully implemented in one or more circuits or logic elements.     

 

The techniques of this disclosure may be implemented in a wide variety of devices or 

apparatuses, including a processor, an integrated circuit (IC) or a set of ICs (e.g., a chip 20 

set).  Various components, modules, or units are described in this disclosure to 

emphasize functional aspects of devices configured to perform the disclosed techniques, 

but do not necessarily require realization by different hardware units.  Rather, as 

described above, various units may be combined in a hardware unit or provided by a 

collection of interoperative hardware units, including one or more processors as 25 

described above, in conjunction with suitable software and/or firmware. 

 

The invention includes methods that may be performed using the subject devices. The 

methods may comprise the act of providing such a suitable device. Such provision may 

be performed by the end user. In other words, the "providing" act merely requires the 30 

end user obtain, access, approach, position, set-up, activate, power-up or otherwise 
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act to provide the requisite device in the subject method.  Methods recited herein may 

be carried out in any order of the recited events which is logically possible, as well as in 

the recited order of events. 

 

Moreover, in determining extent of protection, due account shall be taken of any 5 

element which is equivalent to an element specified in the claims.  Various changes to 

the described embodiments may be made without departing from the scope of the 

invention. 
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What is claimed is: 

 

1. An EDM device comprising: 

  a housing configured to be positioned on a surface of a workpiece and 

proximal to a fastener to be eroded; 

  a planar erosion electrode positioned at least partially within the housing, 

the erosion electrode being movable relative to the housing in a first axis;  

  a ground electrode configured to be conductively connected to the 

fastener at an end portion of the ground electrode, the first axis being substantially 

normal to a longitudinal axis of the fastener; and 

  a dielectric inlet being configured to deliver a dielectric fluid to a region 

between the erosion electrode and the fastener, wherein a plane of the erosion electrode 

is offset from the end portion by a gap formed in a direction of the first axis. 

 

2. The EDM device as claimed in Claim 1, wherein the housing comprises one or more 

alignment portions, and the or each alignment portion of the housing is configured to 

locate against the fastener, to secure the housing proximal to the fastener. 

 

3. The EDM device as claimed in Claim 1, wherein the fastener extends from the 

workpiece, the workpiece comprises one or more alignment features, the housing 

comprises one or more alignment portions, and the or each alignment portion of the 

housing is configured to locate against a corresponding alignment feature of the 

workpiece, to secure the housing proximal to the fastener. 

 

4. The EDM device as claimed in Claim 1, further comprising a dielectric outlet, 

wherein the dielectric outlet is configured to evacuate the dielectric fluid. 

 

5. The EDM device as claimed in Claim 1, wherein the housing is configured to enclose 

a working volume when positioned against the workpiece, the fastener extends from the 

workpiece into the working volume, the erosion electrode moves within the working 

volume, and the dielectric fluid is delivered into the working volume. 
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6. The EDM device as claimed in Claim 5, wherein an outlet flow through the 

dielectric outlet produces a working pressure within the working volume, the working 

pressure being less than an ambient pressure surrounding the housing. 

 

7. The EDM device as claimed in Claim 6, wherein a difference between the ambient 

pressure and the working pressure is a working pressure drop, and the working pressure 

drop is greater than 14 kPa. 

 

8. The EDM device as claimed in Claim 1, further comprising an electric motor, 

wherein the electric motor is configured to bi-directionally move the erosion electrode 

relative to the end portion along the first axis. 

 

9. The EDM device as claimed in Claim 1, wherein the erosion electrode has a width 

in a direction of the first axis that is greater than a width of a bolt portion of the fastener 

in the direction of the first axis. 

 

10. The EDM device as claimed in Claim 1, wherein the erosion electrode is flat. 

 

11. The EDM device as claimed in Claim 1, further comprising a cartridge portion, 

wherein the erosion electrode is accommodated within the cartridge portion, and the 

cartridge portion is removably positioned within the housing. 

 

12. The EDM device as claimed in Claim 1, wherein the fastener extends above a 

surface of the workpiece. 

 

13. A method of electro-discharge machining a fastener, the fastener being located in 

a workpiece, the method comprising the steps of: 

  providing an EDM device comprising a housing, an erosion electrode, and a 

ground electrode; 
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  positioning the housing on a surface of the workpiece and proximal to the 

fastener; 

  positioning the ground electrode in conductive connection with the 

fastener at an end portion of the ground electrode; 

  delivering a dielectric fluid to a region between the erosion electrode and 

the fastener; 

  moving the erosion electrode in a first axis towards the fastener, the first 

axis being substantially normal to a longitudinal axis of the fastener; and 

  generating an electrical potential in the erosion electrode sufficient to 

cause a breakdown in a gap formed in a direction of the first axis between the erosion 

electrode and the end portion, to thereby cause a portion of the fastener to be eroded, 

the eroded portion being suspended in the dielectric fluid. 

 

14. The method as claimed in Claim 13, wherein the erosion electrode is planar. 

 

15. The method as claimed in Claim 13, wherein the step of positioning the housing on 

a surface of a workpiece and proximal to the fastener includes: 

  providing at least one alignment feature on the workpiece, 

  providing the housing with at least one alignment portion, and 

  positioning the housing on the surface of the workpiece and proximal to 

the fastener with the or each alignment portion being located against a corresponding 

one of the or each alignment features. 

 

16. The method as claimed in Claim 13, wherein the method further comprises 

evacuating the dielectric fluid from the EDM device. 

 

17. The method as claimed in Claim 13, wherein the step of positioning the housing on 

a surface of the workpiece and proximal to the fastener includes: 

  positioning the housing on a surface of the workpiece and proximal to the 

fastener, to enclose a working volume, with the fastener extending into the working 

volume, and the step of moving the erosion electrode in the first axis towards the end 
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portion includes positioning the erosion electrode within the working volume, and then 

moving the erosion electrode in the first axis towards the fastener. 

 

18. The method as claimed in Claim 17, wherein the step of delivering a dielectric fluid 

to a region between the erosion electrode and the fastener includes generating an outlet 

flow from the EDM device to produce a working pressure within the working volume, 

where the working pressure is less than an ambient pressure surrounding the housing. 

 

19.  A non-transitory computer readable storage medium storing a program that is 

executable by a computer provided with a processor that causes the computer to perform 

the method as claimed in Claim 13. 

 

20.   A system comprising:  

  a workpiece having a fastener to be eroded; and 

an EDM device comprising: 

  a housing configured to be positioned on a surface of the workpiece and 

proximal to the fastener to be eroded;  

  a planar erosion electrode positioned at least partially within the housing, 

the erosion electrode being movable relative to the housing in a first axis;  

  a ground electrode configured to be conductively connected to the 

fastener, the first axis being substantially normal to a longitudinal axis of the fastener; 

and  

  a dielectric inlet being configured to deliver a dielectric fluid to a region 

between the erosion electrode and the fastener, wherein a plane of the erosion 

electrode is offset from the fastener by a gap formed in a direction of the first axis.


