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A MACHINE TOOL 

Field of the invention 

5 

This invention relates to a machine tool, or other type of machine, arranged to deliver at least 

one of an energy source and media through a processing head onto a work-piece. The machine 

tool may in particular, but not exclusively be referred to as a hybrid machine tool. In 

particular, but not exclusively, the invention may relate to a deposition system arranged to 

10 deposit material onto the surface of a work-piece with or without an energy source being 

provided in addition to the deposited material. 

In addition this invention relates to a machine tool arranged to deposit material through a 

processing head onto a surface of a work piece. 

15 

Background of the invention 

In the past machine tools have been used to remove material from a work piece through what 

is termed machining and such machine tools have included milling machines and the like 

20 which are often computer controlled or Computer Numerically 	Controlled (CNC). 	As 

technology develops it is now possible to use such machines to perform other functions, such 

as other forms of material removal (ultra-sonic, laser and the like), welding and material 

deposition 	(such 	as 	laser 	deposition, 	hard 	facing, 	directed 	energy 	deposition, 	additive 

manufacturing, etc.). 

25 

It is known to provide arrangements that provide processing heads that can be fitted to 

existing machine-tools, such as multi-axis CNC milling machines. However such prior art 

processing-heads are not convenient as may be desired. 

30 It is also known in the art to use robots, such as robotic arms and the like to process materials. 

It is perhaps the case that the field of robotic arms and machine tools are converging but it is 

presently the case that they are different. For example, robotic arms are not as rigid or 

accurate due to the higher degree of movement and flexibility that they offer, which generally 

relegates them to second choice for heavy machining operations. 

35 

Summary of the invention 

According to a first aspect of the invention there is provided a machine tool arranged to 

deliver an energy source, through a processing head onto a work-piece, wherein the machine- 

40 tool may have a clamping mechanism arranged to temporarily receive a processing-head, or 
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another machining or processing-head. In some embodiments the first aspect may relate to a 

robotic arm, or the like, rather than a machine tool. 

The machine tool may be arranged to process a work-piece. 

5 

Typically the clamping mechanism is housed in the nose of the spindle. Further, the machine 

tool typically has an axis passing through the processing head when connected to the 

clamping mechanism and about which the processing-head is arranged to move. 

10 The processing-head may comprise one or more guiding mechanisms arranged to direct the 

energy source onto a work-piece. 

The processing head may also comprise a docking-manifold arranged to have connected 

thereto one or more media to be, in use, supplied to the processing-head to facilitate 

15 processing of the work-piece. 

The docking-manifold may allow the one or more media to be supplied to the processing-head 

when the processing-head is connected to the clamping mechanism. 

20 Conveniently, the machine-tool also comprises at least one mechanism arranged to move a 

supply docking-manifold into and/or out of connection with the processing-head docking-

manifold such that when the two manifolds are connected the, or each, media is supplied to 

the processing head. 

25 The supply docking-manifold may be arranged to allow the energy source to be transmitted 

into the processing-head. 

Generally embodiments allow the energy source to be transmitted through the processing-head 

docking-manifold once the two manifolds are connected. Such embodiments are convenient in 

30 that they allow the energy source to be connected as the manifolds are brought together. 

In other embodiments, the energy source may be transmitted along an axis of the machine 

tool. The axis may be aligned through an axis of the clamping-mechanism. The skilled person 

may understand this as being along an axis of the spindle of the machine tool and may include 

35 guiding it through a hollow spindle. 

Embodiments may have ducts within the docking-manifold arranged to supply at least one of a 

cooling-medium arranged to cool the or each guiding mechanism within the processing-head, 

a processable medium arranged to be processed, in use, by the energy source and a shielding 

40 medium. Conveniently, each of cooling, shielding and processeable media may simply be 
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referred to as media. Again, such embodiments are convenient since they allow the, or each, 

media to be conveniently supplied, in use, once the manifolds are connected. 

It will be appreciated by those skilled in the art that it is desirable to provide an inert 

5 environment when exposing selected materials to energy and/or temperature. This can be done 

via delivery of shielding gas (ie a shielding medium) locally such as through the processing 

head. Alternatively, this activity can be undertaken inside a chamber provided around the 

machine tool, or at least a part of the machine tool, which maintains a vacuum or alternative 

inert environment. 

10 

Many embodiments provide an alignment mechanism arranged to align at least one of the 

medium supplies and the energy source with the ducts within the processing-head docking 

manifold. It will be appreciated that energy sources often need to accurately aligned in order 

that they are focussed, in use, correctly and providing an alignment mechanism ensures that 

15 an energy source that is connected as the two manifolds connect is correctly aligned. 

In 	some 	embodiments, 	the 	alignment mechanism 	is 	provided, 	at 	least 	in part, 	by 	a 

substantially planar surface. 

20 Conveniently, there is a housing connected to the supply docking-manifold. The housing may 

contain guiding mechanisms for the energy source. In one embodiment, the housing contains a 

beam expander arranged to expand a laser beam. Providing at least some of the guiding 

mechanism external of the processing head can help to ensure that they are provided with a 

less harsh environment when compared with the environment within the processing head. The 

25 skilled person will appreciate that some guiding mechanisms are relatively fragile. 

Typically, embodiments are arranged, in use, to focus the energy source onto a region in line 

with a longitudinal axis of the processing head. Such an arrangement is convenient in that it 

can make the machine-tool easier to program, since there is no need to take account of offset 

30 in multiple axes, and smaller since the working area does not need to account for an offset. 

The skilled person will understand that as the focus of the energy source is offset from the 

axis then the working area required to process an object increases significantly since further 

translations are required to account for the offset. 

35 Embodiments may provide the energy source as at least one of the following: laser, electron 

beam, arc, plasma, microwaves, masers, focused electromagnetic radiation, or sound waves 

(including ultrasound), or the like. The electromagnetic radiation may for example be any of 

the following: x-rays, microwaves, ultraviolet light, infrared radiation, or the like. 
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The guiding mechanism provided within the processing head and/or within the housing may 

comprise any of the following: one or more lenses, mirrors, prisms, diffraction gratings, beam 

expanders, spatial light modulators, optics, electrical coupling mechanism, conductive media 

paths, 	induction 	coupling 	mechanism, 	beam 	steering 	components, 	beam 	steering 	field 

5 generators, micro-electromechanical systems, micro-mirror devices, 	shielding components 

such as Electro Magnetic Interference (EMI) shielding including co-axial cable, or the like. 

However, 	it 	is 	convenient 	if the 	processing-head 	comprises 	more 	robust 	and 	fewer 

components. 

10 In particular, the processing-head, in some embodiments, may comprise a lens and a reflector. 

The machine tool may, in use, be arranged to supply at least one of the following: a metal, 

polymer, or ceramic material typically in powder or filament form; cooling or processing 

fluids; gases; processing fluid, or the like. 

15 

Conveniently, a controller of the machine-tool is arranged to cause the machine-tool to change 

the 	processing-head 	within 	the 	clamping 	mechanism 	automatically, 	or 	at 	least 	semi- 

automatically. The skilled person will appreciate that the term controller of the machine tool 

is arranged to cover both controllers internal of the machine tool and those networked or 

20 otherwise coupled to the machine tool. 

It will be appreciated that the term "machine tool" has been used in relation to the machine as 

a whole. Interchangeable heads have been described and conventional milling and machining 

heads, sometimes referred to as machining cutters or tools, have been referred to a machining 

25 heads. 	As disclosed in this application alternative heads, termed "processing heads" are used 

to process a work piece which may involve the direction of energy to a work piece or the 

direction of media and energy to a work piece or the application/deposition of media on a 

work piece. 

30 The skilled man will appreciate that although the invention has been described in relation to a 

machine tool it is envisaged that it would be possible to modify robots or other additive 

manufacturing equipment to use tool changes and/or docking stations. 	Such modified 

equipment may be considered to be similar to machine tools once they have been so modified. 

35 According to a second aspect of the invention there is provided a kit comprising a processing-

head in combination with a supply docking-manifold wherein the processing-head is arranged, 

in use, to be connected to a clamping mechanism of a machine tool, or the like, and further 

comprises at least some of the following: 
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a) one or more guiding mechanisms arranged to focus an energy source onto a work-

piece; 

b) a processing-head docking-manifold arranged to have connected thereto one or 

5 more media, in use, to be supplied to the processing-head to facilitate processing of 

the work-piece; and 

c) the supply docking-manifold comprises a mechanism arranged to move the supply 

docking-manifold into and/or out of connection with the processing-head docking- 

10 manifold such that when the two manifolds are connected media is, in use, supplied to 

the processing head. 

Embodiments may arrange the docking-manifold to allow an energy source to be transmitted 

into the processing-head. 	Conveniently, a housing is connected to the supply docking- 

15 	manifold. 

Embodiments may typically provide the processing-head docking-manifold with ducts therein 

arranged to supply at least one of a cooling-medium arranged to cool the or each guiding 

mechanism within the processing-head and an energy source processable medium arranged to 

20 	be processed, in use, by the energy source. Other fluids and/or media as described herein may 

also be communicated between the two manifolds. 

In some embodiments, further guiding mechanisms may be provided in addition to the guiding 

mechanism within the processing-head, which may be associated with the supply docking- 

25 	manifold. 

At least some embodiments of the invention may arrange at least one of the guiding 

mechanism (the guiding mechanism within the processing-head and/or the guiding mechanism 

therein addition to) such that the energy source processable medium can be selectively melted 

30 	within the processing head or externally of the processing head. 

In alternative, or additional embodiments, the kit may comprise a plurality of processing 

heads each of which is arranged to focus the energy source differently to other processing- 

heads within the kit. For example, a first processing-head may be arranged to melt the energy 

35 	source processable medium within the processing head. A second processing head may be 

arrange to melt the energy source processable medium external to the processing head. 

Conveniently the docking-manifold comprises an alignment mechanism arranged to align 

medium supplies within the supply docking-manifold with ducts within the processing-head 

40 	docking manifold. In some embodiments a docking arm may be provided which is arranged to 
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connect the head to the clamping mechanism. 	The arm may then be retracted to a storage 

location. 

In some embodiments there may be multiple docking arms. In addition or alternatively there 

5 may be provided multiple tool changers. 

Typically, the alignment mechanism is arranged to have, in use, connected thereto a housing 

arranged to transmit the energy source into the processing-head. 

10 The housing may be arranged to contain the further guiding mechanism in addition to the 

guiding mechanism contained within the processing-head. 

Embodiments will typically be arranged to focus the energy source on to a point or area in 

line with a longitudinal axis of the processing head. 

15 

According to a third aspect of the invention there is provided a method of connecting a 

processing-head 	arranged 	to 	focus 	an 	energy 	source 	onto 	a 	work-piece, 	the 	method 

comprising: 

20 a) causing a machine tool, or the like, to select the processing-head from a 

storage location and insert the processing-head into a clamping mechanism of the 

machine-tool; and 

b) activate a mechanism arranged to move a supply docking-manifold into 

25 connection with a processing-head docking manifold; 

c) wherein connection of the supply docking-manifold and the processing-head 

docking-manifold provides 	a 	supply 	of one 	or more 	medium 	supplies to 	the 

processing-head such that, in use, the or each medium can be supplied. 

30 

The method may additionally comprise the process in reverse to replace the processing head 

within a storage area of the machine tool. 

According to a fourth aspect of the invention there is provided a method of repairing a part 

35 comprising at least one of the following steps: 

a) causing a machine-tool to select a processing-head 

b) causing the machine tool to connect a supply of media to the processing head; 

40 
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c) causing the machine tool to perform an additive processing step in which material 

is added to the part; 

d) causing the machine tool to replace the processing head within a storage area; 

5 

e) causing the machine tool to select a machining head from the storage area; 

f) causing the machine tool to remove material from at least the material that has been 

added to the part being repaired; and 

10 

g) optionally select an alternative machining, processing or inspection head (such as a 

touch probe) and inspect or treat the work piece. 

The processing head may be the processing head of any of the above aspects of the invention. 

15 

The method of paragraphs a and b may be the method of the third aspect of the invention. 

In some embodiments there may also be provided connections for electrical, optical and 

mechanical connections between the processing head and the machine tool. Such connections 

20 	provide connections for process monitoring sensors and equipment. 	Such sensors may 

comprise image recording apparatus, lighting, touch probes, 3D surface and volumetric 

scanners, sensors such as oxygen sensors and thermal sensors or cameras and the like. In some 

embodiments the temperature sensor may be used to monitor a temperature of the work piece 

on which processing is being carried out. The process monitoring sensors or measuring 

25 	equipment may comprise part of the processing head, part of a manifold arranged to have 

connected thereto one or more media and/or be in addition to both the processing head and the 

manifold. For example, some embodiments may provide process monitoring sensors as a 

separate head, which may be thought of as an inspection head, in addition to any processing 

heads and machining heads. 

30 

In some embodiments the temperature of one or more melt pools may be monitored. 	A melt 

pool may be formed where material is deposited. The media may be applied to or toward the 

work piece and melted by the application of energy from an energy source. Thus, the media 

may be thought of as being an energy source processable medium. 

35 

In additional, or alternative, embodiments, the media may be deposited in a molten state. 

According to another aspect of the invention there is provided a multi axis machine tool, the 

machine tool may have at least one processing head and conveniently at least one machining 

40 	head. The machine tool may have a clamping mechanism arranged to temporarily receive one 
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of the at least one processing head and/or the at least one machining head, wherein the 

machine tool may be operable, in use, to perform at least some of the following five steps i) to 

move the processing head or machining head from an operable position to a head changing 

position, ii) release the processing head or machining head from the clamping or holding 

5 mechanism, iii) select an alternative processing head or machining head; iv) receive the 

alternative processing head in the clamping or holding mechanism, and v) return to the 

operable position, 

the processing head may be further arranged to deposit material onto a work piece 

being processed and wherein; 

10 the processing head typically comprises a media supply. 

In an embodiment of the invention an energy source may be provided in the processing head. 

Alternatively an energy source may be generated externally of the processing head and the 

processing head may be arranged to direct the or otherwise convey the energy source. 	In 

15 some embodiments the energy source is provided by a battery, or other isolated energy source, 

such as fuel cell or the like. 	In another additional or alternative embodiment the energy may 

be generated in the head by the motion of the spindle, such as via a generator, alternator or 

the like. In other embodiments the energy source is supplied to the processing head. 

20 The machine tool may be arranged to process a work-piece. 	Alternatively, or in addition the 

machine tool may be arranged to deposit the material on a work piece or to build a work 

piece, which may be building the work piece up from scratch. 	Such an operation may be 

additive deposition including additive manufacturing, 3D printing, or digital fabrication, or 

the like. Preferably the machine tool also comprises a tool changer arranged to change a head 

25 in the machine tool. The tool changer may exchange a processing head for a machining head 

or vice versa. 	Alternatively the machine tool may be provided with two or more processing 

heads. The tool changer may comprise a storage area located off set from the work piece. 

Typically the clamping mechanism is housed in the nose of a spindle. Further, the machine 

30 tool typically has an axis passing through the processing head when connected to the 

clamping mechanism and about which the processing-head is arranged to move. 

The processing-head may comprise one or more guiding mechanisms arranged to direct the 

energy source onto a work-piece. 	In another embodiment the processing head may comprise 

35 one or more guiding mechanisms arranged to direct energy from the energy source into the 

media and/or to a mechanism for depositing the media. 	The energy may be applied to the 

media in the processing head or externally of the processing head such as on the surface of the 

work piece, or at least as the media moves toward a work piece. 
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The processing head may comprise, as before, a docking manifold arranged to have connected 

thereto one or more media that are in use supplied to the processing head to facilitate 

processing of the work piece. 	The energy source may be supplied to the media inside the 

processing head or may as previously described be supplied to the media as it travels toward 

5 and/or arrives on the work piece. In one alternative the energy is supplied to the media in the 

processing head and the media is deposited on the work piece. The energy may be supplied to 

the media prior to leaving the processing head or may be supplied to the media as the media 

leaves the processing head. 

10 The processing head may comprise a media supply arranged to supply media to the head from 

the machine tool, from the clamping mechanism, or from an ancillary piece of equipment 

connected or convenient to the machine tool. 	In yet another embodiment the media supply 

may comprise a media reservoir provided in the processing head. 	In some embodiments the 

media reservoir may be continuously refilled via a supply which feeds media through a 

15 manifold. 	In other embodiments the media may be provided in the form of a replaceable 

cartridge forming a media supply. 	In yet another embodiment the media reservoir may be 

refillable while the processing head is located in the tool changer. 	A supply manifold may be 

provided in the tool changer and may be arranged to connect to the processing head in the tool 

changer and to automatically refill the media reservoir. 	Additionally or alternatively at least 

20 one mechanism may be provided to move the supply manifold into and out of connection with 

a media supply when the processing head is in an operative position on the machine tool 	or 

when the processing head is located in the tool changer or another storage location. 

In some embodiments one media is supplied to the processing head. 	In other embodiments 

25 two or more media may be supplied to the processing head. 	The media may for example 

comprise alternative colours or alternative media. 	In some embodiments a first media may 

comprise a building material and a second media may comprise a support material. 	The 

support material may be removable once the work piece is completed. Should a plurality of 

media be provided then the tool may be arranged to be able to selectively use those media. 

30 

In some embodiments the media may comprise a polymer material. In other embodiments the 

media may be selected from a group comprising metals, non-metals, polymers, ceramics, clay 

or dielectric materials. The media may be provided in any of the following forms: in powder 

form; filaments, rods, or wires, in semi- to fully liquid form. Alternatively media can be 

35 provided as, or in suspension in, a liquid, emulsion, gas, aerosol, slurry or paste. 

In one particular embodiment the media may comprise a polymer filament. Typically such a 

filament may be heated by the energy source to a temperature such that the media can be fed, 

directed, extruded, jetted or otherwise deposited in a controllable manner. 	Alternatively a 

40 fluid media may be supplied to the processing head from the media reservoir. The media may 
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be heated by the energy source till all the media in the reservoir is fluid and can be dispensed, 

or otherwise expelled, in a controllable manner. 	In some embodiments the media may also 

comprise conductive, semi-conductive, and dielectric material such that electric circuits can 

be laid down during formation of the workpiece. In an alternative embodiment the media may 

5 pass from the reservoir towards a deposition tip of the processing head and the energy may be 

applied to the media prior to the media leaving the deposition tip. 	This may be particularly 

suitable for embodiments in which the media is in the form of a filament or wire and the 

media can be fed through the processing head by mechanical feeding mechanism such as by 

rollers. 	It may be desirable for the media to be relatively stiff until the media is about to be 

10 deposited. The energy may be applied just before the media leaves the deposition tip or as or 

after the media leaves the deposition tip. Alternatively, or additionally, the material may be 

deposited onto the surface of the work piece and then exposed to the energy. 

A media feed may be provided connected to the tool changer. 	The media feed may supply 

15 media to the processing head or to a reservoir in a processing head when the processing head 

is not in use. The feed may be part of an additional docking mechanism which engages with 

the processing head or machining head when it is not in use. 

According to another aspect of the invention there is provided a kit comprising at least one of 

20 a processing head; a media reservoir; a media supply; and an energy source. 

In one embodiment there is provided a kit comprising a processing head in combination with a 

media reservoir wherein the processing head is arranged in use to be connected to a clamping 

mechanism of a machine tool and wherein the media reservoir is provided in the processing 

25 head. 

In another embodiment of the invention there is provided a processing head adapted to be 

connectable to a machine tool according to an aspect of the invention wherein the processing 

head is suitable for depositing material onto a work piece and wherein the processing head 

30 further comprises a media supply preferably in the form of a reservoir. 

In a preferred embodiment the processing head further comprises an energy source, or at least 

a mechanism for generating an energy source, arranged to supply energy to the media and/or 

to a mechanism for depositing the media. 

35 

In an alternative embodiment the kit comprises a processing head arranged to be connectable 

to a media supply. 	The media supply may comprise a media feed or manifold connected to 

the tool changer and arranged to replenish the media reservoir when the processing head is 

located in the tool changer or may be provided connected to the machine tool and arranged to 
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supply the media to the processing head when the processing head is on the spindle or other 

usable position. 

In some embodiments the media feed may comprise one or more channels and wherein the 

5 media feed may feed the media to the work piece or the channels may be arranged to provide 

reverse flow of the media or may divert or re-circulate the media. In some embodiments there 

may be a mechanism provided to recapture unused media or to remove waste media or by-

products or outgassing. Such a mechanism may be provided in addition to the flow of media 

in the or each of the channels. 

10 

In some embodiments a mechanism to provide the energy source is self contained in the 

processing head. 	In other embodiments the energy source is connected to the processing 

head. 	The energy source may comprise for example UV, IR, laser or other energy sources as 

described previously and may in some embodiments direct a beam of energy onto the work 

15 piece. 

The kit may comprise in alternative or additional embodiments a plurality of processing heads 

having alternative media supplies contained therein. In a further alternative a processing head 

may comprise a replaceable cartridge containing a media supply. 	The cartridge may be 

20 automatically replaceable or may be manually replaceable. 

In some embodiments the kit may further contain a docking manifold arranged to supply a 

media to the processing head. The docking manifold may comprise one or more ducts within 

the manifold arranged to supply at least one source of media to the processing head. 

25 

Alternatively the kit may comprise a media supply mechanism arranged to supply a media to 

the processing head. The media supply mechanism may be arrangeable to supply media to the 

processing head when the processing head is in an operable position on a spindle of the 

machine tool or alternatively the media supply mechanism may be arranged to supply media 

30 to the processing head when the processing head is located in the tool changer. 

According to another aspect of the invention there is provided a method of forming a work 

piece comprising 

a) causing a machine tool to select a processing head from a storage location to insert 

35 the processing head into a clamping mechanism of the machine tool; and 

b) activating a mechanism arranged to supply energy to a media 	in the processing 

head and/or to a mechanism for depositing the media; 

c) controlling deposition of the media from the processing head so as to construct a 

work piece. 

40 
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In some embodiments of the method a further step may be carried out in which heat or other 

energy from the deposition or consolidation of media on the work piece, is also used to heat a 

surface of the work piece. 	In addition or alternatively heat from the deposition may be used 

to cure, melt, sinter, crosslink, react or otherwise catalyse change in the deposited material. 

5 For example, inks or pastes for directly printing electronics may require heating to achieve 

their designed conductivity, resistivity or other properties; may derive secondary benefit from 

the heat of deposition operations, rather than requiring additional heating steps. Where 

secondary benefits cannot be leveraged for material treatment, an explicit processing step can 

be made as described below. 

10 

According to a further aspect of the invention there is provided a material processing system 

comprising a material processor, which may be a machine tool or a robotic arm or the like, 

having a processing head which the material processing system is arranged to move relative to 

a work piece and a controller arranged to control the movement of the processing head; 

15 typically, the processing head will comprise one or more guiding mechanisms arranged to 

direct an energy source on the work piece under the control of the controller, where the 

controller can typically control the amount of power delivered to a given area of the work 

piece. 

20 Here power is intended to have its correct meaning of total energy accumulated over time. 

Thus, it will be appreciated that in order to control the power it is possible to control the rate 

at which energy is supplied (ie the power thereof) or to control the rate which the energy 

source is moved across the work-piece. 

25 Such embodiments are convenient as they can control the effect that the energy source has on 

the work piece. The skilled person will appreciate that the power that is delivered can 

significantly effect what happens to the work piece. 

The controller may be arranged to use the movement of the processing head to control the 

30 amount of power. The skilled person will appreciate that if the processing head is moved at a 

relatively higher speed across the work piece that less power will be provided to the work 

piece than if the processing head is moved at a relatively lower speed. 

The energy source may be any of the sources described in relation to the above aspects of the 

35 invention. 

Thus, in some embodiments, the guiding mechanism may comprise at least one lens arranged 

to focus the energy source on to the work piece. The guiding mechanism may comprise any of 

the guiding mechanisms mentioned elsewhere. 

40 
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As with the aspects described above, embodiments of the invention may be provided with a 

mechanism to generate the energy sources internally of the processing head. Additional, or 

alternative, embodiments may be arranged to direct an energy source which is generated 

externally of the head. 

5 

The processing head may comprise a mechanism to selectively activate or deactivate the 

energy source. For example, the controller may be arranged to selectively activate and/or 

deactivate generation of an energy source. Thus, in the example of a laser beam, the controller 

may be arranged to activate and/or deactivate the generation of the laser beam or alternatively 

10 the controller may be arranged to control the focusing or de-focusing of the laser beam, or the 

like. 

The controller may be provided by a processing circuitry external to the material processor, 

wherein the material processor is one of a machine tool and a robotic arm or the like. For 

15 example, the processing circuitry may be provided by a computer external to but connected to 

the material processor. In other embodiments the controller may be provided by a processing 

circuitry within the material processor. 

The material processor may be arranged to change the material properties of the work piece. 

20 

25 

For example, the material processor may be arranged to control the power such that the, or a 

least a portion of, the work piece is heated, pre-heated, hardened, softened, deliberately 

stressed, 	stress-relieved, or porosity/void-related defects reduced/closed. 	These operations 

may be undertaken to avoid cracking, warping, and other defects. Alternatively, the surface of 

the work piece may be modified such as by marking, texture patterning, texture enhancement, 

selective oxidation, or have its surface roughness reduced through re-melting, ablation, etc. 

Alternatively the grain structure or chemistry could be modified such as converting steel 

grains to be martensitic or inducing local alloying with an additional material or carburizing. 

The material processing system may also comprise a fluid supply, which would typically be 

30 under the control of the controller. The controller may be arranged to control the supply of 

fluid from the fluid supply to quench, clean, shot peen, sand blast or treat the, or at least the 

portion of, the work piece which is being processed. 

Alternatively, or additionally, the controller may be arranged to control the supply of fluid to 

35 provide an inert or element rich (as in carburizing) environment, to quench, to lubricate, or 

the like the, or at least a portion, of the work piece. Such fluids, gases and liquids may also be 

thought of as media. 

There may be more than one fluid supply wherein each fluid supply may be arranged to 

40 supply a different fluid. 
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The fluid supplied by the or each fluid supply may be any one of the following: water; oil; an 

inert gas such as a noble gas; air, machine coolant, etchant, cleaning fluid, patina, colorant, or 

the like. 

5 

In other embodiments, the controller may be arranged to control the energy source processing 

the work piece. Here processing of the work piece is intended to cover at least the following: 

stressing; 	stress 	relieving; 	microstructure 	modification; 	chemistry 	modification; 	porosity 

reduction/elimination; welding; brazing; joining; cutting; drilling; milling; marking; plasma 

10 spraying; thermal spraying; surface re-melting; heat treating; or the like. 

In some embodiments, the material processing system may comprise a supply of media. The 

supply of media may be as described in relation to any of the above aspects of the invention. 

Thus, in some embodiments, the supply of media may be delivered into the processing head 

15 via a manifold. In other embodiments, the supply of media may be provided within the 

processing head conveniently by a cartridge or the like. 

In some embodiments the material processing system may be arranged to supply media to a 

work piece that has previously been heated by the energy source. In such embodiments, the 

20 media may comprise a powder, or the like. Such powders, and similar materials, may be 

arranged to melt, sinter, and/or chemically react on the work piece due to, or at least 

accelerated by, the power previously applied to the work piece by the processing head. 

According to a further aspect of the invention there is provided a method of processing a work 

25 piece by controlling the power delivered to the work piece by guiding an energy source 

relative to the work piece, under the control of a controller, such that a material property of 

the work piece is changed. 

30 

The skilled person will also appreciate that aspects of the invention may comprise software, 

firmware, or hardware elements arranged to provide control of the machine tools described 

herein. 

Manufacturing a work piece using a combination of an additive process, including deposition, 

and a subtractive process, including milling, as required is a form of hybrid manufacturing as 

35 known in the art; the change over between these (and other operations, such as probing) is 

made convenient by embodiments and aspects described herein. 

The skilled person will appreciate the above aspects of the invention introduce various 

features and will further appreciate that the features from one aspect of the invention are 

40 applicable, mutatis mutandis, to other aspects. 
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Brief description of the drawings 

There now follows, by way of example only, a detailed description of an embodiment of the 

5 invention of which: 

Figure 1 shows a machine tool; 

Figure 2 schematically shows a section through parts of an embodiment of the 

10 invention; 

Figure 3 shows further detail of a manifold used in an embodiment of the invention; 

Figure 4a shows an embodiment of the invention in an unassembled manner; 

15 

Figure 4b shows the embodiment of Figure 4a in a partially assembled manner; 

Figure 4c shows the embodiment of Figures 4a and 4b in a fully assembled manner; 

20 Figure 5 shows a view of an embodiment of the invention from a first angle; 

Figure 6 shows a view of the embodiment of Figure 5 from a second angle; 

Figure 7 shows a view of the embodiment of Figure 5 from a third angle highlighting 

25 a transport mechanism; 

Figure 8 shows a perspective view of the embodiment of Figure 5 illustrating media 

supplies thereof; 

30 Figure 9 	outlines 	a flow-chart illustrating a method of using the 	embodiment 

described in relation to Figures 1 to 5; 

Figure 10 shows an example work-piece that has been processed by a machine-tool 

according to an embodiment of the invention; 

35 

Figure 11 	shows 	a 	schematic 	illustration of an 	alternative 	processing head 	in 

accordance with another aspect of the invention, and 

Figure 12 is an illustration of a further alternative processing head; 

40 
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Figure 13 is a schematic drawing of an embodiment for applying a heated polymer; 

Figure 14 is a schematic drawing of an embodiment for applying a liquid media to a 

work piece; 

5 

Figure 15 is a schematic drawing of an embodiment for applying a heated polymer; 

Figure 16 shows a further embodiment using a plasma transferred arc based energy 

source; 

10 

Figure 17a shows the embodiment of Figure 16 in an unassembled manner; 

Figure 17b shows the embodiment of Figure 17a in a partially assembled manner; 

15 Figure 17c shows the embodiment of Figures 17a and 17b in a fully assembled 

manner; and 

Figure 18 shows a further embodiment in which a processing head is arranged to 

deliver a source of energy onto a work piece. 

20 

Detailed description of the drawings 

Figure 1 shows, schematically, a machine-tool 100, which typically comprises a machining 

head 102 held in a clamping mechanism of the machine-tool 100 and arranged to machine a 

25 	work-piece 104. Further, the machine-tool 100 is usually controlled by a controller 106 which 

controls the position of the machining-head 102 as it processes the work-piece 104. 

Most machine-tools 100 are arranged such that the machining-head 102 can be interchanged 

with other machining-heads 102 in order that the correct machining-head 102 is provided for 

30 	the task at hand. Providing the example of milling machine, then a first machining-head may 

be provided for coarse material removal, whereas a second machining-head may be provided 

for fine material removal. 

As such, machine-tools 100 have tool-changers which can, typically under the control of the 

35 	controller 106, change the machining head 102 being used by the machine-tool 100 to process 

the work-piece 104. 

Figure 2 illustrates a processing-head 200 which connects to the machine-tool 100 using the 

clamping mechanism 202 of the machine-tool 100 and which can be stored in a store of 

40 	machining-heads and automatically connected to the machine-tool 100 with a tool-changer 
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thereof. 	Here 	the 	tool-changer 	may 	provide 	a 	storage-location 	for 	processing-heads, 

machining-heads, etc. which are not currently being used by the machine-tool. Discussion 

herein refers to a clamping-mechanism 202 and it is assumed that a spindle into which the 

clamping mechanism 202 connects is part of the machine-tool 100. 

5 

In the embodiment being described, the processing head 200 is arranged to focus a laser 

beam 206 onto the work-piece 104. In other embodiments, other energy sources may be 

utilised instead of the laser. Thus, the processing head is arranged, under the control of the 

controller 106, to process the work-piece 104 with the focussed laser beam 206 (or other 

10 energy source). 

In Figure 2, a section is shown through the processing-head 200 and it can be seen that a 

reflector, such as a mirror 208, arranged to move an incoming laser beam 210 through ninety 

degrees to be incident upon a focussing-lens 212 for creation of the focussed-laser beam 206. 

15 The focusing-lens 212 may be thought of as being a guiding-mechanism. It will be appreciated 

that other processing heads 200 may have other arrangements of the optical parts such as the 

reflector and focussing lens, or indeed may have additional optical parts. 

In addition to the laser beam and optical components, the processing-head 200 also contains 

20 one or more ducts to deliver a media. For the example, the media may comprise a polymer 

and/or metallic powder within a transport fluid which is arranged to be melted by the energy 

source. The processing is arranged such that media is delivered through the processing-head 

and it passed into the energy source such that it is molten or at least semi-molten before the 

media reaches the work-piece 104. As such, the processing-head can be used to deposit 

25 material onto the work-piece and provide a deposition system, which may for example be used 

to repair parts. 

The machine tool (including a spindle) and the clamping-mechanism 202 have a longitudinal 

axis, represented by the dashed line XX in Figure 2. Should a machining-head (such as a 

30 milling cutter) be present within the clamping-mechanism 202 then it would rotate about the 

axis XX. Conveniently, the energy source, which in the embodiment being described is the 

laser-beam 206, is focused onto a point, area, etc. 213 that lies substantially upon the axis XX 

on the surface of the work-piece 106. 

35 In other embodiments, the focusing-lens 212 may in fact be arranged to cause a divergent 

beam, such as would be the case for pre-heating the substrate, heat treating the work piece or 

in some types of thermal spraying and the like. 

Although not shown in the drawings, some embodiments of the invention may be arranged to 

40 transmit an energy source through a spindle of the machine tool along the axis XX; ie from 
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the region of point 207 shown in Figure 2. In such embodiments the supply-unit would supply 

media to the processing head 200. 

Adjacent to the processing head 200 and clamping-mechanism 202 there is provided a supply- 

5 unit 214 which provides a housing in which various components are housed. The processing- 

head 200 	comprises 	a 	processing-head 	docking-manifold 201 	and 	the 	supply-unit 214 

comprises a supply docking-manifold 300, described hereinafter, which are arranged to mate 

with one another to connect the supply-unit 214 to the processing-head 200 in the condition as 

shown in Figure 2. 

10 

On top 	of the 	supply-unit 214 	there 	is provided an energy 	source 216, 	which in the 

embodiment being described is a laser. The laser 216 generates a beam which is transmitted 

into the supply-unit 214 and passes through a beam expander 217 comprising a first and a 

second lens 218, 220 respectively. The beam expander 217 is utilised to increase the diameter 

15 of the laser beam in order to achieve a better final focus onto the work-piece 104 and reduce 

the thermal load on the optics. 

The supply-unit 214 also comprises a further reflector 222 arranged to reflect the beam of 

light from the laser through 90°  toward the processing head 200 and the reflector 208 

20 therewithin. Each of the lenses 218, 220 and reflector 222 may be thought of as being guiding 

mechanism provided within the supply-unit 214. 

The supply-unit 214 also comprises a supply of various media 224 which connects through the 

manifold to the processing-head 200 when the supply-unit 214 is connected thereto. 

25 

The skilled person will appreciate that the area 226 around the work-piece 104 is typically 

referred to as the working area (or volume) of the machine-tool. 

Figure 3 shows the supply docking-manifold 300 of the supply-unit 214 of an embodiment of 

30 the invention. Central to the supply docking-manifold 300 is a duct 302 arranged to allow the 

energy source, which in the embodiments described herein is a laser, to pass between the 

supply-unit 214 and the processing-head 200. 

Also visible on the supply docking-manifold 300 are ducts 304, 306, 308, 310 which are 

35 arranged to deliver cooling medium, a shielding gas and material to be processed by the 

processing-head 200 from the supply-unit 214 to the processing-head 200. Typically a seal 

will be provided on at least one of the manifold on the supply-unit 214 and the manifold on 

the processing head 200 in order that the ducts 304-310 are sealed and to prevent the escape 

of the media passing therethrough. 

40 
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As the skilled person will appreciate the shielding gas will typically be an inert gas such as 

argon or the like arranged to prevent chemical reactions, 	such as oxidation, etc, from 

occurring on the work-piece 104 as it is being processed. 

5 In some embodiments, the beam expander 217 may be arranged such that it may be adjusted in 

order to vary the focal point of the final focus. Such an arrangement may help to determine 

whether material to be processed is melted by the energy source within the processing-head or 

after the processing-head. The skilled person will appreciate that varying the point at which 

the processable material melts can determine the bonding, finish and residual stress on the 

10 work-piece being processed. 

In one embodiment, the mating surfaces of the two manifolds (ie face 312 on the supply 

docking-manifold 300 and the corresponding face on the processing-head docking-manifold) 

are substantially planar so that, as described hereinafter, the supply-unit 214 can be docked 

15 when away from the processing head 200 in a manner to prevent the ingress of dirt into the 

duct 302 in particular. Thus, the substantially planar surface may be thought of as a flat 

surface and may be thought of as providing an alignment mechanism. 

Also provided on the supply docking-manifold 300 are provided locating mechanisms (in this 

20 case 	locating pins 314, 	316) 	arranged to 	engage 	with complementary 	features 	on the 

processing-head docking-manifold. The skilled person will appreciate the pins 314, 316 be 

provided on the processing-head docking-manifold and recesses on the supply docking-

manifold 300 or one or more pins may be provided on each manifold. Indeed locating 

mechanisms other than locating pins may be used. The locating mechanisms, in addition to the 

25 substantially planar surfaces, may be thought of as being an alignment mechanism. 

Figure 4 shows the supply-unit 214, the processing head 200 and the clamping mechanism 202 

arranged in various conditions relative to one another as is now described. 

30 In Figure 4a, 	shows an undocked condition, in which the 	supply-unit 214 is in a first 

condition, which may be thought of as a storage condition. The supply docking-manifold 300 

thereon is positioned against a substantially planar docking surface 400 in order that the 

ducts 302-310 are closed. 	The processing head 200 is stored away from the clamping- 

mechanism 202. Often the processing head 200 will be stored in a tool-changer of the 

35 machine-tool 100 but this need not be the case. 

Figure 4b shows the system in a condition in which the processing-head 200 has been 

positioned within the clamping mechanism 202 whilst the supply-unit 214 remains in the first 

condition as shown in Figure 4a. The processing head 200 will typically be selected and 

40 inserted into the clamping mechanism 202 using the machining head changing routine. The 
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skilled person will appreciate that in many embodiments this changing routine is automatic, or 

at least semi-automatic, and is often under the control of the controller 106. 

Figure 4c shows the system in a docked condition, in which the supply-unit 214 is in a second 

5 condition with the supply docking-manifold 300 docked against the processing-head. In the 

docked condition, the ducts 302-310 in the supply docking-manifold 300 align with co-

operating ducts within the processing-head 200. 

In some embodiments, an air blast system is associated with the supply docking-manifold 300 

10 such that as the supply docking-manifold 300 is disconnected from the processing-head 

docking-manifold a blast of air (or indeed any other suitable fluid) passes over or through the 

ducts 302-310 to help try and prevent contamination from entering those ducts. 

The skilled person will appreciate the three stages in Figures 4a to 4c outline connecting the 

15 processing-head 200 to the clamping-mechanism 202 before the supply-unit 214 is connected 

to the processing-head 200. In other embodiments, the order of connection may be different 

and for instance it is conceivable that supply-unit 214 could be connected to the processing-

head 200 before the processing-head 200 is engaged into the clamping-mechanism 202. 

20 Figure 5 shows a further embodiment although like parts are referred to the same reference 

numerals. Figure 5 illustrates mechanisms that are used to move the supply-unit from the first, 

undocked, condition (as shown in Figure 4a) to the second, docked, condition (as shown in 

Figure 4c). 

25 Figure 6 shows a further elevation of the embodiment of Figure 5 looking onto the supply 

docking-manifold 300; ie looking at Figure 5 from the right hand side. 

A first movement mechanism is provided to move the supply-unit 214 in a vertical manner 

and the embodiment being described this comprises a rack 500 provided along a portion of the 

30 outer surface of the supply-unit 214. The skilled person will appreciate that although the 

Figure illustrates the rack on a side of the supply-unit 214 is could be provided at any location 

around the circumference of the supply-unit 214 and there may in fact be more than one such 

rack. Indeed, as can be seen from Figure 7 the embodiment being described comprises two 

racks 500a, 500b on the side of the supply-unit 214. 

35 

Figure 7 also more clearly shows the pinion mechanism 700 mounted on a frame 502. As the 

pinion mechanism 700 is activated then gears therein interact with the rack 500a, 500b and 

move the supply-unit 214 in up or down depending on the direction in which the gears are 

driven. 

40 
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It will also be noted from Figure 7, that in the embodiment being described the housings of 

the pinion mechanism 700 engage with the racks 500a, 500b in order to act as a guide for the 

supply-unit 214. In other embodiments, other guide mechanisms may be provided. 

5 A second movement mechanism is provided to move the supply-unit 214 in a horizontal 

direction. In the embodiment being described, the second movement mechanism comprises 

two worm gears 504,506 provided, one toward the top and one toward the bottom of the 

frame 502. 

10 It will be appreciated that each of the first and second movement mechanisms provide at least 

one mechanism arranged to move the supply docking-manifold 300 into and/or out of 

connection with the processing-head docking-manifold such that when the two manifolds are 

connected the or each media is supplied to the processing head; ie the ducts 302 to 310 within 

each of the manifolds are connected to one another. 

15 

A driven gear is provided within a housing 702 adjacent the pinion mechanism 700 and 

arranged to drive the supply-unit 214 relative to the worm gear 504, 506 thereby moving the 

supply-unit 214 in a horizontal direction. 

20 In other embodiments, the first and second movement mechanisms may be provided by 

mechanisms other than gears. For example, pneumatic and/or hydraulic actuators may be 

utilised. 	Whilst in the embodiment being described there are two movement mechanisms, the 

skilled person will appreciate that in other embodiments there may be fewer, or more, 

movement mechanisms. 

25 

Figure 8 shows the supply docking-manifold 300 of the embodiment of Figure 5 in more 

detail. It can be seen that in this embodiment the ducts 304-310 comprise connectors at end 

regions 	thereof 	and 	arranged 	to 	connect 	with 	complementary 	connectors 	within 	the 

processing-head docking manifold. 

30 

In summary of the above, and with reference to Figure 9, in order to change the processing 

head on the machine-tool 100 the machine-tools controller 106 instigates its tool changing 

routine and picks up the processing head 200 (after docking any existing head that it was 

previously carrying) - step 900. 

35 

Once the processing head 200 has been engaged within the clamping mechanism 202 of the 

machine tool 100 if needed, the processing head 200 is rotated by the machine tool 100 until 

the processing head 200 is presented in a known orientation in order that the two manifolds 

can be connected - step 902. 

40 
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Once the processing head 200 is oriented in readiness to receive the supply-unit 214 the 

second movement mechanism is operated in order to move the supply docking-manifold 300 

away from the docking surface 400 - step 904. 

5 Thereafter, the first movement mechanism is operated in order to lower the supply-unit 214 -

step 906. 

Once the supply-unit is in the correct vertical height, the second movement mechanism is 

operated again to bring the supply docking-manifold on the supply-unit 214 into engagement 

10 with the processing-head docking-manifold - step 908. 

As the two manifolds engage the planar surfaces thereof and the locating mechanisms 314, 

316 ensure that the supply-unit 214 is correctly oriented with respect to the processing head. 

The skilled person will appreciate that the correct alignment of the supply-unit 214 relative to 

15 the processing head 200 helps to ensure alignment of the components which transmit the 

energy source (eg the laser beam). In this case the reflectors 208, 222 relative to one another 

helps to ensure that the laser beam is correctly focused. 

Embodiments 	of the 	invention may find a number of applications 	and in particular 

20 embodiments will typically allow an energy source and associated media to be connected to a 

machine-tool 100 to allow the machine-tool 100 to process a work-piece 106 with the energy-

source. 

One particular application is that of laser-deposition (also known as laser cladding). Laser 

25 deposition may find utility in repairing parts, including turbine blades, pump-impellers, or the 

like, which have become damaged. The laser deposition processes allow material to be added 

to the part which can subsequently be machined to finalise the repair of the part. 

Figure 10 shows a turbine-blade that has been repaired in which fresh material has been added 

30 to a tip region 1000 highlighted by the dotted line by this approach. 

In other embodiments, the processing head may be utilised to provide other processes which 

include any of the following: welding; deposition (including additive manufacturing, 3D 

printing, 	and 	directed 	energy 	deposition); 	thermal 	spraying 	(in 	some 	cases 	utilising 	a 

35 divergent beam of energy); cladding; cutting; in process thermal management; heat treatment; 

energy (ie laser) machining; or the like. 

Figure 11 is a schematic illustration of an embodiment of a further aspect of the invention in 

which a media reservoir is provided in the processing head. 	As described before the 

40 processing head 1100 is provided in a clamping mechanism 1102 attached to a spindle 1104 
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which is part of the machine tool 1106. 	The processing head comprises a media reservoir 

1108 located in the processing head together with an energy source 1110. 

Energy from the energy source is applied to the media in the media reservoir 1108. 	The 

5 media is then transferred along a passage 1112 to an application point 1114 where the media 

is applied to the workpiece. Movement of the processing head and location of the application 

point 	1114 is controlled primarily by the machine tool or by the controller as before. 

Additional motion such as rotation or fine positioning is typically incorporated into the 

processing head. 	The energy source 1110 comprises a heat source and is connected to an 

10 electrical supply in the machine tool through the spindle 1104 or via one or more docking 

systems as in the embodiment of the invention as illustrated in Figure 2. The media reservoir 

comprises a chamber arranged to contain a supply of media such as a filament of polymer. 

The chamber can be refilled with additional media material while the processing head is in 

use via a docking system as in the embodiment of Figure 2 or alternatively when located in a 

15 tool changer. 

Figure 12 is an illustrative embodiment of an alternative processing head comprising two 

media supplies. 	For ease only the processing head 1100 is shown in Figure 12. 	In this 

embodiment the processing head comprises an energy source 1110 together with a first media 

20 supply 1116 and a second media supply 1118, each connected to 	respective passages 1120 

and 1122 leading to respective first and second application points 1124 and 1126. 	The first 

media supply can comprise a building material and the second media supply can comprise a 

support material or the first and second media may comprise different colours or alternative 

media that are used to construct a more complex work piece. The first media can be one of a 

25 build material or a support media. The controller or the machine tool can control application 

of the media by positioning of the processing head and control of deposition of the media. 

Additionally, fine positioning can be incorporated into the processing head such as extension 

or retraction of the application points to favour one or the other. The media reservoirs 1116 

and 1118 can be replenished when the processing head is in use via a media supply while in 

30 an operative position or while the processing head is off cycle in the tool changer. 	The 

energy source can be a battery powered energy source and can also be recharged while the 

processing head is in the tool changer. 

Turning now to Figure 13, which shows a material processing head arranged to extrude heated 

35 polymer with power and media supplied external to the processing head, perhaps through a 

manifold as described above. In this embodiment the processing head 1150 comprises a 

clamping mechanism 1152 and a first deposition head 1154 and a second deposition head 

1156. 	The clamping mechanism, which is sometimes referred to as a tool holder, may be an 

ISO 40 taper or HSK 63a. 

40 
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The processing head is one example representing "material extrusion" devices as defined by 

the ASTM F2792 standard. Thus, the deposition heads 1154 and 1156 are arranged to extrude 

material to a work piece. 	The processing head also comprises a first and a second media 

supply 1158 and 1160. 	In this embodiment the media supply comprises a first channel and a 

5 second channel 1162 and 1164 each arranged to guide a first and a second filament of polymer 

forming the media providing the media supplies 1158, 1160. 	A media is supplied to the first 

and second channels from a media supply mechanism. 	The media supply mechanism is 

arranged to connect to a manifold. 	A power supply is also provided to the processing head 

from the manifold, similar mutatis mutandis to the manifold described in earlier figures. 	A 

10 filament feeding mechanism 1166 is located in the processing head and feeds the first and 

second filament to respective first 1168 and second 1170 heated chambers. The power supply 

(typically connected via a manifold and the connection is shown here at 1172) supplies energy 

to first and second heating chambers and within the respective chambers the first and second 

filaments are heated and a semi liquid media is supplied to the first 1154 and second 

15 deposition head 1156. 

An alternative embodiment is shown in Figure 14 where the head is designed for material 

jetting as acknowledged by the ASTM F2792 standard. Thus, the head of Figure 14 may be 

similar to an inkjet, an aerosol jet, or the like. 	In this embodiment a first 1200 and a second 

20 1202 liquid media is provided in the processing head. 	In this embodiment each deposition 

head 1204 and 1206 each comprise a number of liquid jets arranged to deposit liquid droplets 

on, or at least toward, the work piece. The media may be liquid or may be selected from other 

jettable fluids such as liquids filled with suspended particles as is known in the art. 	A first 

1208 and a second 1210 media chamber are each provided in the processing head and a supply 

25 of media is in each chamber. The media may optionally be temperature controlled, especially 

where 	maintaining 	a jettable 	viscosity 	is 	critical. 	A 	controller 	is 	provided 	to 	control 

deposition of the media from the processing head onto the work piece. 	The controller in this 

embodiment includes a pressure management valve 1212. 	An energy source is provided and 

comprises a battery 1214, or a similar mechanism to generating power. 	The battery 1214 

30 provides energy for controlling application of the media to the work piece and can also 

provide energy in the form of heat to the media. 	Each first and second chamber is also 

connected to a first and a second duct 1216, 1218 which allow the media within the media 

chambers 1208, 1210 to be replenished. 	The first and second ducts are connectable to a 

material feed or manifold in the tool changer. 	Other embodiments may not be replenishable 

35 in this manner. 

The manifold can be connected to the processing head while the head is clamped to the 

machine tool. 	The battery can also be connected to a mains electricity supply through the 

manifold (ie through a connection 1219) and the battery can be recharged while the manifold 

40 is connected to the processing head. 
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Also indicated in Figure 14 is a control board 1220 provided to control movement of the 

processing head, jetting pulses and to control pressure in the media chambers 1208 and 1210. 

5 A wireless communication mechanism for connecting to a data source for data for printing an 

image and for controlling and coordinating the position of the head by mechanism of the CNC 

position 	controller 	is 	also 	provided. 	Such 	wireless 	communication 	mechanisms 	are 

conventional and are not described further. 	Alternatively, data may be supplied to the device 

via a wired connection presented to the head from the manifold or docking system, by 

10 including a stored memory device into the processing head such as a memory card or by more 

conventional mechanisms. 

Another embodiment of the invention is illustrated in Figure 15 which shows an embodiment 

arranged to extrude heated polymer. 	In this embodiment as in the embodiment of Figure 13 

15 the media is provided in the form of a polymer filament. 	The same reference numerals are 

used for corresponding elements. 	In this embodiment first and second filaments 1158 and 

1160 are each provided as a filament wound on first and second spools 1300 and 1302. 	First 

and second filaments are moved from the respective first and second spools 1300 and 1302 by 

respective filament feeding mechanisms 1166. An energy source (not shown) provides energy 

20 to the first and second chambers to heat the filaments as they pass through the first and 

second chambers 1168 and 1170. 	A power supply 1304 is connected to the processing head 

through a manifold connectable to the processing head. 	In this embodiment the entire 

processing head can be automatically changed when the media is used up. 	In this way 

processing is not delayed and the head with the depleted spools can be replenished while the 

25 processing head is out of use and located in the tool changer or other storage location. 

Figure 16 shows a further embodiment having a processing head 200 arranged to selectively 

be held in a clamping mechanism 202. This embodiment is perhaps similar to the embodiment 

shown in Figures 2 though 4 and like parts are referred to with like reference numerals. 

30 

In the embodiment being described in relation to Figure 16 the energy source is provided by a 

high-voltage electrical supply 516 and the guiding mechanism arranged to direct the energy 

source to the work-piece 104 	is provided by a conductive path 520 and electrode 508. 

35 

Typically, the conductive path 520 may be provided by a wire, such as a copper wire, cable, 

or the like. 

A media supply 224 is also provided and arranged to supply a fluid, which may be any one or 

more of the other fluids described herein, to the work-piece 104. 
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For convenience and protection, the conductive path 520 and media supply 224 are contained 

within a flexible supply unit 514. 

In the embodiment of Figure 16, it will be seen that work-piece is connected to earth 1600 and 

5 thereby it is possible to strike an arc 513 with the work-piece to provide a plasma based 

energy source. 

As with the earlier embodiment, a supply docking manifold 600 is provided and here is 

provided on an end region of the flexible supply unit 514 and arranged to be connected to a 

10 processing-head manifold 1602 on the processing head 200. 

A substantially planar docking surface 700 may be provided against which the supply docking 

manifold 600 may be stored when not in use. Here the planar surface is shown on the 

electrical supply 516. 

15 

Figures 17a to 17b show the embodiment of Figure 16 in various stages of assembly. 

Thus, it can be seen from Figure 17a that the processing head 200 is kept in a tool station, or 

the like, remote from the clamping mechanism 202 when it is not being used. In this state, the 

20 clamping mechanism is free to hold other processing heads or machining heads to perform 

processes on the work-piece 104 that the processing head 200 cannot perform. It can be seen 

that 	the 	supply 	docking 	manifold 600 	is 	placed 	on 	the 	substantially 	planar 	docking 

surface 700. 

25 A mechanism, such as a robot arm, tool changing mechanism or the like (not shown) is then 

used to move the processing head 200 into the clamping mechanism 202. This arrangement of 

the components is shown in Figure 17b and as such, the robot arm may be thought of as being 

a mechanism arranged to move the supply docking-manifold; ie a movement mechanism. 

30 Further a movement mechanism (which may or may not be the same movement mechanism 

used to move the processing head), such as a robotic arm or the like (not shown), is then used 

to move the flexible supply unit 514, including the guiding mechanism 520, and the supply 

docking manifold 600 into place such that the supply docking manifold 600 is connected to 

the processing-head docking manifold 1602. This arrangement of components is shown in 

35 Figure 17c and allows fluids to be passed down the media supply 224 through the supply 

docking manifold 600, through the processing-head docking manifold 1602 and into the 

processing head 200. Further, the connection of the guiding mechanism 520 allows electricity 

to 	be 	passed 	from the 	electrical 	supply 516, 	to 	the 	processing head 200, 	through the 

electrode 508, across a gap to the work-piece 104 and finally on to ground 1600. 

40 
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Figure 18 shows a further example embodiment in which a processing head is arranged to 

provide a source of energy which is directed on to a work piece adjacent the processing head. 

The Figure is similar to Figure 2 and like parts are referred to with like reference numerals. 

5 However, in the embodiment being described in relation to Figure 18 the processing head does 

not supply media and is simply arranged to supply energy to the work piece. The docking 

mechanism may function in a similar manner to that described in relation to Figures 3, 4a, 4b 

and 4c or in Figures 16a, 16b, 16c and 17, mutatis mutandis and will not be described again. 

The skilled person will note that the 304, 306, 308 and 310 may well be omitted in an 

10 embodiment that supplies energy, without media to the work piece. However, it is conceivable 

that such embodiments will supply fluids such as coolants, shielding gases and the like. Such 

fluids might be passed through ducts in the manifold as shown in Figure 3. In yet further 

alternative embodiments, fluids may be delivered directly onto the work piece and not via the 

manifold and subsequently processed via the processing head. 

15 

It will be noted that, in Figure 18, the media supply has been removed. 

Thus, in the embodiment of Figure 18, the controller 106 is arranged to control the movement 

of the laser beam 206 to move across the work piece 104. The speed at which the controller 

20 moves the laser beam 206 across the work piece will affect the power delivered to a given 

area (ie portion) of the work piece. In addition, the controller 106 is arranged to turn the laser 

on and/off to control the power. 

It will be appreciated that the skilled man may vary the combination of features that are 

25 provided in a particular embodiment of a processing head. For example fewer or more 

deposition points could be included in the same head. Additionally treatment energy sources 

could be incorporated into the heads such as UV, IR, photonic light sources or the like in 

order to cure or fuse the media being deposited as is known in the art. 
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CLAIMS 

1. A machine tool arranged to deliver an energy source through a processing head onto a 

work-piece, wherein; 

5 

the machine-tool has a clamping mechanism arranged to temporarily receive the 

processing-head, or another machining or processing-head, to process a work-piece; 

the processing-head comprising one or more guiding mechanisms arranged to direct 

10 the 	energy 	source 	onto 	a work-piece 	and a processing-head 	docking-manifold 

arranged to have connected thereto one or more media to be, in use, supplied to the 

processing-head to facilitate processing of the work-piece; 

wherein the processing-head docking-manifold allows the one or more media to be 

15 supplied to 	the 	processing-head when the 	processing-head 	is 	connected to 	the 

clamping mechanism; and 

wherein the machine-tool also comprises at least one mechanism arranged to move a 

supply docking-manifold into and/or out of connection with the processing-head 

20 docking-manifold such that when the two manifolds are connected the or each media 

is supplied to the processing head. 

2. A machine-tool according to claim 1 wherein the supply docking-manifold is also 

arranged to allow the energy source to be transmitted into the processing-head generally 

25 through the processing-head docking-manifold. 

3. A machine-tool according to any preceding claim in which the docking-manifold has 

ducts therein arranged to supply at least one of a cooling-medium arranged to cool the or each 

guiding mechanism within the processing-head and a processable medium arranged to be 

30 processed, in use, by the energy source. 

4. A machine-tool according to claim 3 in which the supply docking-manifold comprises 

an alignment mechanism arranged to align at least one of the medium supplies and the energy 

source with the ducts within the processing-head docking manifold and preferably wherein the 

35 alignment mechanism is arranged to have, in use, connected thereto a supply-unit arranged to 

transmit the energy source into the processing-head. 

5. A machine-tool according to any preceding claim in which the processing-head is, in 

use, arranged to focus the energy source onto a region in line with a longitudinal axis of the 

40 processing head and wherein the energy source is any or a combination of the following: 
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laser, 	electron 	beam, 	arc, 	plasma, 	focused 	electromagnetic 	radiation, 	divergent 

electromagnetic radiation. 

6. A machine-tool according to any preceding claim in which the guiding mechanism 

5 comprises at least one of the following: one or more lenses, mirrors, prisms, diffraction 

gratings, beam expanders, spatial light modulators, optics, electrical coupling mechanism, 

conductive media paths, induction coupling mechanism, shielded channels, beam steering 

components, beam steering field generators, micro-electromechanical systems, micro-mirror 

devices. 

10 

7. A machine-tool according to any preceding claim in which the media comprises any 

of the following: a metal, polymer, or ceramic material in powder or filament form; cooling or 

processing fluids; gases; processing fluid. 

15 8. A machine-tool according to claim 7 in which at least some of the media are obtained 

from a supply of media to the machine-tool. 

9. A kit comprising at least one of the following: 

20 a processing-head; 

a supply docking-manifold wherein the processing-head is arranged, in use, to be 

connected to a clamping mechanism of a machine tool; 

25 one or more guiding mechanisms arranged to focus an energy source onto a work-

piece; and 

a processing-head docking-manifold arranged to have connected thereto one or more 

media, in use, to be supplied to the processing-head to facilitate processing of the 

30 work-piece; 

and 

wherein the supply docking-manifold also comprises a mechanism arranged to move the 

35 supply docking-manifold into and/or out of connection with the processing-head docking-

manifold such that when the two manifolds are connected media is, in use, supplied to the 

processing head. 

10. A kit according to claim 9 wherein the docking-manifold is also arranged to allow an 

40 energy source to be transmitted into the processing-head from the supply docking-manifold. 
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11. 	A kit according claim 9 or 10 in which the processing-head docking-manifold has 

ducts therein arranged to supply at least one of a cooling-medium arranged to cool the or each 

guiding mechanism within the processing-head and an energy source processable medium 

5 arranged to be processed, in use, by the energy source. 

12. A kit according to claim 11 in which the guiding mechanism is arranged such that the 

energy source processable medium can be selectively melted within the processing head or 

externally of the processing head. 

10 

13. 	A kit according to claim 11 or 12 in which the docking-manifold comprises an 

alignment mechanism arranged to align medium supplies within the supply docking-manifold 

with the ducts within the processing-head docking manifold and wherein preferably the the 

alignment mechanism is arranged to have, in use, connected thereto a supply unit arranged to 

15 transmit the energy source into the processing-head. 

14. 	A kit according to any of claims 9 to 13 which is arranged to focus the energy source 

onto a point or area in line with a longitudinal axis of the processing head. 

20 15. 	Processing head arranged to be used in the machine tool of any of claims 1 to 9. 

16. 	A method of connecting a processing-head arranged to focus an energy source onto a 

work-piece, the method comprising: 

25 a) causing a machine tool to select the processing-head from a storage location 

and insert the processing-head into a clamping mechanism of the machine-tool; and 

b) activate a mechanism arranged to move a supply docking-manifold into 

connection with a processing-head docking manifold; 

30 

c) wherein connection of the supply docking-manifold and the processing-head 

docking-manifold provides 	a 	supply 	of one 	or more 	medium 	supplies to 	the 

processing-head such that, in use, the or each medium can be supplied. 

35 17. 	A multi axis machine tool, wherein the machine tool is 

arranged to process a work piece, the machine tool having 

at least one processing head and at least one machining head; 

a clamping mechanism arranged to temporarily receive one of the at least one 

processing head and the at least one machining head, 
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the machine tool being operable in use to move the processing head or machining 

head from an operable position to a head changing position, release the processing head or 

machining head from the clamping mechanism, select an alternative processing head or 

machining head; receive the alternative processing head in the clamping mechanism, and 

5 return to the operable position, 

the processing head being arranged to deposit material onto a work piece being 

processed and wherein; 

the processing head comprises a media supply. 

10 18. A multi axis machine tool according to any of claims 1 to 8 and 17 preferably of the 

kind wherein the machine tool is operable about 2, 3, 4, 5 or 6 or more axes and is most 

preferably operable about 3 or more axes, wherein the media supply comprises a reservoir 

provided in the processing head and preferably the reservoir comprises a chamber adapted to 

contain a supply of a fluidised, semi- or fully-molten, softened, suspended, semi- and solid 

15 media in powdered, pellets, wire, filament, lamina, sheet, block or rod form, or gaseous 

media. 

20 

19. A machine tool according to any of claims 1 to 8 and 17 or 18 wherein the media is 

selected 	from 	the 	group 	comprising: 	metals, 	non-metals, 	polymers, 	ceramic 	material, 

processing fluids, 	cooling fluids, 	gases, 	filaments, 	rods, 	tapes, 	powders, 	liquids, 	pastes, 

emulsions, suspensions, glue or the like, lamina, sheets, foil or mixtures thereof. 

25 

20. A machine tool according to any one of claims 1 to 8 and 17 to 19 wherein the media 

is intermittently supplied to the processing head and preferably to any media reservoir within, 

or otherwise associated with, the processing head. 

21. A machine tool according to claim 20 wherein the reservoir comprises a cartridge 

containing a supply of media. 

30 22. A machine tool according to claim 20 or claim 21 wherein the reservoir can be 

replenished, preferably when the processing head is located in a stored location such as stored 

in a tool changer. 

23. A machine tool according to any of claims 17 to 22 wherein the machine tool further 

35 comprises an energy source arranged to supply energy from an energy source to one of the 

processing head, the media and the work-piece. 

24. A machine tool according to claim 23 wherein the energy source is provided in the 

processing head and wherein the energy source preferably comprises one or more of the 

40 following: electricity, pressurized air or other gases/vapours, stored mechanical energy in a 
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spring or related mechanism, energy stored in chemical form, plasma, UV, IR or other 

electromagnetic energy. 

25. A machine tool according to claim 23 or claim 24 wherein the energy source is 

5 powered by at least one of: a conventional connector to an external power source; a power 

source, such as a battery, provided in the processing head; a generator such as using spindle 

rotation; from table supporting the work piece; wireless induction; energy stored in the 

processing head. 

10 26. A machine tool according to any of claims 1 to 8 and 17 to 25 wherein a controller 

controls a movement, position and action of the processing head, and preferably the controller 

is part of the CNC machine controller, and wherein in a preferred embodiment the controller 

further controls some or all of the following: a processing path; deposition of media; purging 

of media; heating of the processing head or media; monitoring media level; monitoring a 

15 quantity of the media in the repository; data regarding the work piece to be processed or 

pattern to be deposited; monitoring of the work piece, deposited media or energy; monitoring 

of the 	health 	and 	functionality 	of the 	head; 	communication with the 	machine 	tool; 

synchronization of action with machine tool motion. 

20 27. A processing head adapted to be connectable to a machine tool according to any one 

of claims 17 to 26 wherein the processing head is suitable for depositing material onto a work 

piece and wherein the processing head further comprises a media supply preferably in the 

form of a reservoir. 

25 28. A kit comprising at least one of a processing head in accordance with claim 27 in 

combination with at least one of 

a media reservoir, and 

an energy source, 

a controller arranged to control the action and or position of the processing head 

30 relative to the work piece; and 

an energy source arranged to supply energy to the media in the processing head and 

wherein the processing head is suitable for connection to a machine tool. 

29. A 	kit 	according to 	claim 	28 	wherein the 	media 	supply 	further 	comprises 	a 

35 replenishment mechanism connectable to the processing head when in use and/or locatable in 

a storage or replenishment position in the machine tool and preferably the replenishment 

mechanism is arranged to refill or recharge the media supply. 

30. A kit according to claim 28 or claim 29 wherein the media supply comprises one of: 

40 a chamber adapted to contain a supply of a media; 
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a 	cartridge 	containing a 	supply 	of media, 	wherein preferably 	the 	cartridge 	is 

replaceable; 

a manifold arranged to deliver media to the processing head when the processing head 

is connected to a spindle in use on a machine tool. 

5 

31. A machine tool comprising a material processor having a processing head which the 

machine tool is arranged to move relative to a work piece and a controller arranged to control 

the movement of the processing head, the processing head comprising one or more guiding 

mechanisms arranged to direct an energy source on the work piece under the control of the 

10 	controller, where the controller is arranged to control the amount of power delivered to a 

given area of the work piece. 

32. A 	machine 	tool according to 	claim 	31 	which further comprises 	a movement 

mechanism arranged to move the processing head into and/or out of engagement with a 

15 	clamping mechanism of the machine tool. 

33. A machine tool according to claim 31 or 32 which further comprises a movement 

mechanism arranged to move the guiding mechanism into and/or out of engagement with the 

processing head. 

20 

34. A machine tool according to any of claims 31 to 33 further including a media supply 

which can be used to supply media from the processing head and conveniently, the media 

supply is connectable to and/ or from the processing head via one or more manifolds. 

25 	35. A machine tool according to any of claims 31 to 34 in which the controller is arranged to 

use the movement of the processing head to control the amount of power delivered to a given 

area of the work piece. 

36. A machine tool according to any of claims 31 to 35 in which the guiding mechanism 

30 	comprises at least one of the following: a lens arranged to focus the energy source on to the 

work piece; any other lens; at least one mirror; at least one reflector; diffraction gratings; 

beam 	expanders; 	spatial 	light 	modulators; 	optics; 	an 	electrical 	coupling 	mechanism; 

conductive media paths; an induction coupling mechanism; beam steering components; beam 

steering field generators; micro-electromechanical systems; or micro-mirror devices. 

35 

37. A machine tool according to any of claims 31 to 36 arranged such that a mechanism to 

generate the energy source is provided within the processing head, or alternatively, the 

mechanism to generate the energy source may be provided externally of the processing head 

and the processing head may be arranged to guide the energy source to the work piece. 

40 
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38. A machine tool according to any of claims 31 to 37 which comprises a mechanism to 

selectively activate or deactivate the energy source. 

39. A machine tool according to any of claims 31 to 38 which is arranged to change the 

5 material properties of the work piece, and for example the material processor may be arranged 

to 	control the 	power such that the, 	or a least a portion of, 	the 	work piece 	has 	its 

microstructure modified. 

40. A machine tool according to any of claims 31 to 39 which comprises a media supply 

10 preferably a fluid or particles within a fluid, typically under the control of the controller. 

41. A machine tool according to claim 40 as it depends from claim 39 in which the controller 

is arranged to control the supply of fluid from the fluid supply to quench, clean, treat, modify 

microstructure, modify chemistry of the, or at least a portion of, the work piece being 

15 processed. 

42. A machine tool according to claim 41 in which the controller is arranged to control the 

supply or removal of fluid to provide an inert environment, to impact upon, or to lubricate, at 

least a portion of the work piece. 

20 

43. A method of processing a work piece by controlling the power delivered to the work piece 

by guiding an energy source relative to the work piece, under the control of a controller, such 

that a material property of the work piece is changed. 

25 44. A processing head arranged to be used in the machine tool of any of claims 31 to 42. 

45. A kit comprising a processing head according to claim 44 in combination with at least 

one of the following: 

30 an energy source; 

a controller arranged to control the action and/or position of the processing head 

relative to the work piece; and 

35 wherein the processing head is arranged to be connected to a machine tool. 


