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POWDER DISPENSING APPARATUS AND
METHOD

[0001] The invention relates to a powder dispenser and
method of dispensing powder for use in an additive manufac-
turing process. In particular, the invention relates to a dis-
penser for accurately dispensing or metering a predetermined
volume of powder material for use in a selective laser sinter-
ing (SLS) or selective laser melting (SLM) process.

BACKGROUND TO THE INVENTION

[0002] Additive manufacturing or rapid prototyping meth-
ods for producing three-dimensional components are well
known in the art (see for example U.S. Pat. No. 4,863,538—
Deckard). There are various known methods of additive
manufacturing including consolidation of powder materials
and curing of polymeric resins. This invention relates to
methods that involve powders. Such methods involve a layer-
by-layer consolidation of powder material using a focused
energy beam, such as a laser beam or an electron beam.
Initially, the use of such freeform fabrication processes was
restricted to the production of prototypes by sintering
together layers of powder particles. Recent advances in tech-
nology, however, have meant that fully dense, high integrity
components can be manufactured by freeform fabrication of
components.

[0003] In atypical selective laser sintering (SLS) or selec-
tive laser melting (SLM) process, a thin layer of powder is
deposited over a build area or powder bed within a SLS or
SLM apparatus. A focused laser beam is scanned across por-
tions of the powder layer that correspond to a cross-section of
the three-dimensional article being constructed such that the
powder at the points where the laser scans is consolidated
either by sintering or by fusion. The cross-section is typically
generated from a 3-D description of the component 30 gen-
erated by scanning an original component or from computer-
aided design (CAD) data.

[0004] After consolidation of a layer, the build surface is
lowered by the thickness of the newly consolidated layer and
afurther layer of powder is spread over the surface. Again, the
surface is irradiated with a laser beam in portions of the layer
that correspond to a cross-section of the three-dimensional
article, the newly consolidated layer being joined to the initial
consolidated layer. This process is repeated until the compo-
nent is completed.

[0005] Powder is typically spread over the build layer by a
spreading means such as a roller or a wiper, spreader, or
coater. It is important for the integrity of the component that
the various powder layers are of consistent thickness and each
layer is spread evenly over the build surface. To help achieve
this it is important that an accurate dose of powder can be
delivered for the spreading means to spread over the build
area.

[0006] FIG. 1 illustrates one prior art solution to the prob-
lem of supplying a metered dose of powder. In this method
powder 10 is held in a powder source recess adjacent to a build
plate 20 within a powder forming apparatus. The powder can
be raised or lowered by means of a piston 30 that is slidable
within the recess.

[0007] In use, areciprocating wiper blade 50 is positioned
such that its extent of travel encompasses the powder recess
and the build plate. In an initial position the powder source is
positioned between the wiper blade and the build plate. The
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piston is actuated to raise the powder above the surface of the
build plate and wiper blade traverses the powder recess, col-
lecting a portion of powder as it travels. This powder is spread
in a layer over the build plate and the wiper blade is then
returned to its initial position. With this process the amount of
powder delivered can be determined by the travel of the
piston.

[0008] FIG. 2 illustrates a further typical prior art solution
for powder delivery in a additive manufacturing process.
Powder 110 is contained in a hopper 120. At the lower end of
the hopper there is an auger mechanism 130 having slots 131
for metering and transporting powder from the hopper for a
wiper blade to subsequently spread in a layer over a build
plate.

[0009] Both of these prior art methods are mechanically
complex and are prone to malfunction through jamming,
leakage or powder bridging. The importance of accurately
timing the delivery of powder with the stroke of the wiper
blade also leads to a reliance on carefully controlled elec-
tronic actuators for their operation.

SUMMARY OF INVENTION

[0010] The invention provides a powder dispenser and
method for dispensing powder, a powder cassette, a system
and a method for producing three-dimensional articles, and
additive manufacturing machines according to the appended
independent claims, to which reference should now be made.
Preferred or advantageous features of the invention are
defined in dependent sub-claims.

[0011] Accordingly, in a first aspect a powder dispenser is
provided for dispensing a pre-determined volume of powder
for use in an additive manufacturing is process such as a SLS
or SLM process. Such processes may also be described by
terms such as rapid manufacturing, rapid prototyping, solid
freeform fabrication and forming using powder.

[0012] The dispenser comprises a metering member defin-
ing one or more metering voids that extend through the meter-
ing member. The metering void, or each metering void, has an
entrance opening defined in a first face of the metering mem-
ber and an exit opening defined in a second face of the meter-
ing member. The pre-determined volume of powder to be
dispensed may be determined by the volume of some or all of
the metering voids, or may be determined by a fraction of the
total volume of the metering voids.

[0013] In use, powder passes into a metering void, or sev-
eral of, or all of, the metering voids via the entrance opening
(s) and is dispensed through the respective exit opening(s),
i.e. powder passes through the metering member such that a
powder dose is delivered. This dose may be substantially
equal to the volume of the selected metering void or voids.
[0014] The metering member may define a single elongate
metering void for dispensing a metered line of powder (as the
powder is to be spread over a build area it is desirable that a
length or line of powder is dispensed). In this case the meter-
ing void would be the same length as the desired length of
powder deposit, typically slightly longer than one side of the
machine’s build surface. Such a void may be of considerable
length, say, 100 mm or 250 mm or 500 mm and thus may
adversely affect the stiffness of the metering member. To
address this problem, the metering member may define a
plurality of metering voids arranged in two or more offset
rows instead of a single elongate void. Such rows may be
substantially parallel.
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[0015] It may be advantageous for the metering member to
define multiple rows of metering voids and the metering
member to be arranged in the dispenser such that all or only
some of the voids may be selected for metering powder. In
this way the volume of powder dispensed may be varied, for
example by multiples of a minimum volume, by selection of
the number of rows of metering voids used in a dispensing
operation.

[0016] Where there are a plurality of metering voids they
may be of any suitable shape. For example, there may be two
or more rows of circular holes, or square holes, or elongate
holes or slots. Such an arrangement allows the metering
member to have greater stiffness than would be the case if it
possessed a single elongate metering void or slot. It is pre-
ferred that the sum length of the elongate metering voids
equals the length of the metered line of powder. Thus, the
same volume of powder can be delivered along a length by a
plurality of off-set voids as would be delivered by a single
elongate void.

[0017] As the desired powder line length is typically deter-
mined in a particular machine to correspond to the dimen-
sions of the build area within the machine, the maximum
volume of powder able to be delivered must be controlled by
varying either the width of the metering voids or the depth of
the voids through the metering member, or the number of
voids selected for a particular metering operation.

[0018] Preferably the metering member is reciprocally
movable relative to other components of the powder dis-
penser; i.e. the metering member may move and other com-
ponents of the dispenser may remain static, or other compo-
nents of the dispenser may move and the metering member
may remain static. This reciprocal movement is preferably
between a first position in which powder can be passed into
and retained within the metering void(s) through the entrance
opening(s), and a second position in which the pre-deter-
mined, metered, volume of powder is dispensed through the
exit opening(s).

[0019] TItis preferred that the metering member is slideably
sandwiched between first and second retaining members, the
first retaining member defining a first aperture for supplying
powder through the entrance opening(s), and the second
retaining member defining a second aperture for allowing
escape or egress of powder through the exit opening(s) of the
metering member.

[0020] Preferably the first and second retaining members
are arranged such that, when the metering member is in its
first position (as defined above) the first aperture and the
entrance opening, or openings, of the metering member are in
overlapping relationship with each other, but the exit open-
ings of the metering member are not in overlapping relation-
ship with the second aperture of the second retaining member.
By overlapping relationship it is meant that powder can pass
out of one aperture and into another. Furthermore, when the
metering member is in its second position the exit opening(s)
and the second aperture are in overlapping relationship with
each other, but the entrance openings are not in overlapping
relationship with the first aperture. This means that there is no
position in which there is a continuous open path through the
first aperture, through the metering void(s) and through the
second aperture.

[0021] In an advantageous arrangement, a plurality of
metering voids may be arranged obliquely on the metering
member. The metering member may be described as having a
length that extends in the direction of the line of powder to be
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deposited and it may be advantageous for the metering voids
or slots to be arranged obliquely in relation to the length, for
example at an angle of between 25 degrees and 65 degrees to
the length or about 45 degrees to the length. Such an arrange-
ment may provide the advantage that the volume of powder
deposited in the line of powder may be varied by adjusting the
distance traveled by the metering member relative to the first
aperture. For example, by limiting the relative travel of the
metering member such that the first aperture only overlaps
with 75% of the area of the entrance openings the volume of
powder that flows into the metering voids is less than the total
volume of the metering voids. The metering voids are rela-
tively shallow and the powder does not tend to fill up the voids
unless there is a complete overlap. It may, therefore, be pos-
sible to accurately dispense volumes of powder that are less
than the total volume of the metering voids by controlling the
relative overlap of the first aperture with the entrances to the
metering voids. The volumes of powder dispensed in this way
may be more accurately calculated if the flow characteristics
of the powder are taken into account.

[0022] Equally, the volume of powder that is delivered by
the dispenser may be controlled or varied by altering the
relative overlap between the exit openings of the metering
voids and the second aperture through which the powder is
delivered. In this situation, the voids may be filled completely
with powder by overlapping the voids with the first aperture
100%, but the amount of powder delivered controlled by
varying the overlap between the exit openings of the voids
and the second aperture to, for example, only 85% overlap or
90% overlap. This may result in powder being retained within
the voids and not delivered to the surface.

[0023] Although other geometries can be envisaged, it is
preferred that the metering member and at least one of the
retaining members, for instance the second retaining member,
are planar, for instance in the form of plates. The first retain-
ing member need not be a plate and may simply be the lower
portion of a powder container that is sealably engaged with
the metering member when the metering member is not in the
first position to prevent egress of powder through the first
aperture.

[0024] It is advantageous that the first retaining member is
either part of or coupled to a powder container, for example a
powder hopper, such that the first aperture allows passage of
a powder contained in the hopper to contact the upper face of
the metering member when in its second position, or to enter
the metering void if the metering member is in its first posi-
tion. The first retaining member could form part of the lower
wall of a container or hopper.

[0025] The first and second retaining members both define
apertures through which powder can pass. Preferably the first
and second retaining members are fixed in relation to each
other and the first and second apertures are laterally offset
from each other. This allows the metering member to move
between positions relative to the retaining members where the
metering void is in communication with one of the apertures
but not the other.

[0026] Preferably the metering member moves through an
intermediate position in which the metering void is not in
overlapping communication with either the first aperture or
the second aperture. In this intermediate position the desired
pre-determined volume of powder may be retained, bounded
by walls of the metering member, an upper surface of the
second retaining member and a lower surface of the first
retaining member.

16



US 2011/0223349 Al

[0027] TItis preferred that the metering member is slideably
engaged with first and second retaining members with suffi-
cient interference that the selected powder to be dispensed
does not jam in an interface between the metering member
and one of'the retaining members. The pressure exerted by the
retaining members on the metering member may be a param-
eter that can be varied.

[0028] Alternatively, spacer members may be positioned
between the metering member and one or both of the retaining
members to separate the metering member from the retaining
members.

[0029] The metering member may be reciprocally moved
back and forth between first and second positions by any
suitable means. Advantageously, however, the metering
member is biased towards its second position in relation to the
retaining members, for instance by a resilient means such as
coil spring or a leaf spring or a cantilever or by other means
such as gears or pulleys. Actuation of the metering member
thus only needs to act to move the metering member from the
second position to the first position or part of the way towards
the first position. Removal of an actuation force will then
allow the biasing means to automatically return the metering
member to its second position.

[0030] As an alternative, the metering member may be
biased towards the first position and actuated towards the
second position.

[0031] Thus, it is advantageous that the metering plate or
member can be actuated towards its first position to receive a
load, slug, or shot of powder into the metering void and be
returned to the second position to deliver this load of powder
automatically. This delivery mechanism may be of particular
advantage where the dispenser is adapted to interact with a
roller or coater blade of a powder-forming machine. Typically
such rollers or blades reciprocate back and forth over a build
area to spread an even layer of powder. Advantageously, if the
metering member is adapted to interact with the roller or
blade, or the mechanism for moving the roller or blade, as it
moves beneath the powder dispenser then powder may be
dispensed automatically when the roller or wiper is in the
correct position to collect it.

[0032] It is advantageous if at least one of the metering
member or the retaining members, or spacer members if
present, is made from a material having a low coefficient of
friction; this will aid any sliding movement between the
metering member and the retaining members. Examples of
suitable materials include PTFE, nylon or antifriction-coated
metals and ceramics. Suitable low friction materials will be
apparent to those skilled in the art.

[0033] Theremay bespacers and/or seals disposed between
the metering member and a retaining member or both retain-
ing members. For example, the metering member may be
spaced from the first retaining member by means of suitable
material coupled to the first retaining member. This material
allows a gap to be maintained between a lower surface of the
retaining member and an upper surface of the metering mem-
ber, which in turn may help prevent the metering member
from sticking in use. Preferably the spacers/seals are formed
of a low friction material such as PTFE.

[0034] The spacing between the metering member and a
retaining member may be dependent on the grain size of the
powderto be dispensed. For example, a powder having a large
particle size may be dispensed by a dispenser in which the
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metering member and the retaining member are separated by
a larger degree than would be the case were a fine grained
powder being dispensed.

[0035] As well as aiding the movement of the metering
member by lowering friction, the spacers may also be used as
seals. If the spacer is in the form of a ring to that bounds an
area containing the first aperture, then powder may be pre-
vented, or hindered, from escaping from the dispensing
mechanism.

[0036] Itisclear thataspacer/seal as described above could
also be placed between the metering member and the second
retaining member.

[0037] In an advantageous arrangement a further seal/
spacer may be provided that surrounds the second aperture
between the metering member and the second retaining mem-
ber. Such a seal may additionally help prevent powder from
escaping from the dispenser during, for example, the appli-
cation of a vacuum to a chamber containing the dispenser.
Any such further seal may, thus, be described as a vacuum
seal.

[0038] It is advantageous that the powder dispenser is
attached to or associated with a powder container or a powder
hopper for containing the powder to be dispensed and sup-
plying the powder to the metering member. Such a powder
container can be designed to have an appropriate geometry to
aid flow of the powder to the metering void(s) of the metering
member. Such a container may contain all of the powder
required for a particular build, or, alternatively may be fed
from a further bulk storage hopper.

[0039] Advantageously a powder container or hopper
could comprise a heating means, or be connectable to a heat-
ing means, for example a heating element for pre-heating
powder within the container. A heating means may be attach-
able to the container, be disposed within the container or form
an integral part of the container, for example a heating ele-
ment may be embedded in a wall of the container.

[0040] A particularly advantageous feature of a powder
dispenser according to the first aspect is that it may be asso-
ciated with, or comprise, an identification means, for example
atracking device or an identification tag. Such devices or tags
may provide information relating to the dispenser, for
example its powder capacity or details about its geometry, or
they may provide information relating to the specific powder
material held within the hopper. Advantageously the tags may
provide information relating to the size of particles and/or
composition of powder and/or morphology of powder and
may provide further data such as hazard information for a
powder forming apparatus operator. The information may be
available via a physical, e.g. wired, connection or may be
accessible wirelessly. The tags or tracking devices may not
contain all such data in themselves, but may be simply tags or
flags corresponding to a particular set of parameters that can
be looked up in a table either by an operator or by control
programs such as control software. A particularly preferable
form of identification tag would be a radio frequency identi-
fication device (RFID).

[0041] In a preferred example a dispenser according to the
first aspect would be replaceably or changeably mountable
within a build chamber of a powder forming apparatus. For
example, ifthe dispenser includes a powder container then the
container may comprise external fastenings or lugs for
replaceably mounting the dispenser within the build chamber.
It is particularly preferable that the dispenser is moveable
within the build chamber, for example it is preferable that the
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dispenser is slideable back and forth within the build chamber
so that it can be optimally positioned for a particular additive
manufacturing process. Preferably the dispenser is slideably
mountable within the build chamber to provide ease of posi-
tioning and ease of changing for another dispenser, for
example a dispenser for dispensing a different type or com-
position of powder.

[0042] Alternatively, the powder dispenser may be cou-
plable to a powder container and may be retained in a fixed
position within an additive manufacturing apparatus.

[0043] In a further aspect the invention may provide a
method of dispensing a pre-determined volume of powder for
use in an additive manufacturing process such as a SLS or
SLM process. The method uses a powder dispenser having a
metering member and comprises the steps of passing powder
into an entrance opening or entrance openings of one or more
metering voids extending between a first face and a second
face of the metering member, the total volume of the one or
more metering voids being equivalent to the pre-determined
volume of powder that is to be dispensed, retaining the pre-
determined volume of powder within the metering void or
metering voids, and dispensing the pre-determined volume of
powder from an exit opening or exit openings of the metering
voids in the second face of the metering member.

[0044] Preferably the method comprises ofthe step of mov-
ing, preferably sliding, the metering member between a first
position in which powder can pass through the entrance open-
ing or entrance openings of the one or more metering voids
but not through the exit opening or exit openings, for
example, a position in which the exit openings of the one or
more metering voids are physically blocked, and a second
position in which powder can pass through the exit opening or
exit openings of the one or more voids but not pass into the
entrance opening nor entrance openings, for example where
the entrance openings are physically blocked. The dispenser
components are arranged such that only the predetermined
volume of powder is transferred between the first and the
second positions and thus only the predetermined volume of
powder is dispensed.

[0045] An advantageous arrangement for achieving this
method is one in which the metering member is sandwiched
between first and second retaining members and the method
further comprises of the step of passing powder through a first
aperture defined through the first retaining member into the
entrance opening or entrance openings of the one or more
metering voids, the second retaining member preventing
egress of the powder through the exit openings, and moving
the metering member relative to the first and second retaining
members such that a volume of powder equivalent to the
predetermined volume passes through the exit opening or exit
openings in the one or more metering voids and through a
second aperture depart defined through the second retaining
member.

[0046] In this arrangement an a first position the first aper-
ture allows powder to enter the metering void and the second
retaining member prevents egress of powder, the metering
member is then moved relative to first and second retaining
members via an intermediate position such that the first
retaining member blocks the entrance openings and at the
same time, the exit openings are still blocked by the second
retaining member. As the metering member moves further it
move to a second position such that the exit openings come
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into overlapping relationship with the second aperture then
the predetermined volume of powder retained within the
metering void is dispensed.

[0047] Advantageously, the powder dispenser may be a
component of or be associated with a powder container or
hopper feeding powder through the first aperture.

[0048] Preferably, the powder is dispensed in a line of suit-
able length for a particular powder forming operation.
[0049] Preferably the metering member is biased towards
the second position by a biasing means and the method
involves the step of mechanically actuating the metering
member toward the first position and allowing the biasing
means to move the metering member back towards the second
position. In a preferable example, the powder dispenser is
used in conjunction with a powder forming apparatus that
comprises a reciprocating roller or spreader arm for spreading
a layer of powder over a build surface. Advantageously,
movement of the metering member may be actuated by an
interaction between the metering member and the powder
roller or spreader arm mechanism as it is reciprocates over the
powder surface. This actuation by use of the roller or spreader
arm mechanism allows powder to be dispensed at precisely
the correct moment in the spreader’s reciprocating cycle for
the powder to be collected and obviates the requirement for
complex electronic actuation to achieve correct timing. The
powder is automatically dispensed at the appropriate point of
timing for proper operation of the process.

[0050] With the use of a dispenser having a metering mem-
ber with an appropriate arrangement of metering voids it may
be possible to controllably vary the volume of powder deliv-
ered by the dispenser. For example, the use of a metering
member having a plurality of oblique voids may allow the
volume delivered by the dispenser to be varied by varying the
relative movement of the metering member relative to the first
aperture. Such a member may meter its maximum volume of
powder when the member is moved completely to its first
position, but may meter less volume of powder if the member
is not moved completely to its first position. This capability
may be of particular is advantage in the context of an additive
manufacturing apparatus where the volume of powder
required to build up successive layers may vary.

[0051] The dispensing of powder may involve a step of
vibrating the powder source or hopper in order to improve
flow properties of the powder and help prevent powder bridg-
ing. The dispenser or components of the dispenser may also
be vibrated.

[0052] In a further aspect a replaceable powder cassette is
provided for supplying powder in a powder forming appara-
tus. The cassette comprises a container portion for containing
the powder, a mount for removably mounting the cassette
within the powder-forming apparatus, and a dispenser for
dispensing a predetermined volume of powder from the con-
tainer. The advantage of having a replaceable powder cassette
is that changeover between different materials can be quickly
and easily achieved with minimal clean down time. To change
materials, one cassette can be removed from a machine and a
different cassette can be added.

[0053] Different powders will have different have different
particle size, particle morphology, electrical properties, flow
properties and chemical compositions. The optimum design
of'a powder dispenser for one species of powder is not nec-
essarily the optimum design for another species of powder.
By use of a replaceable powder cassette, the cassettes can be
designed or tailored specifically for individual types of pow-

18



US 2011/0223349 Al

der. Furthermore, different volumes of powder may be dis-
pensed by using different cassettes having different dispens-
ing characteristics. Removable powder cassettes allow for a
significant flexibility in the additive manufacturing process.
[0054] Advantageously a cassette may be supplied com-
prising powder for use in a powder forming operation. The
supply of a cassette preloaded with powder may obviate the
need for potentially risky handling of hazardous powdered
materials. Preferably the dispenser used with the cassette is a
powder dispenser as described above.

[0055] Other features already described in relation to the
powder dispenser, such as a heater for preheating powder and
identity tags are also advantageous inrelation to a replaceable
powder cassette. The cassette may contain enough powder for
a particular build or may be replenished with powder from a
larger storage hopper that feeds into the top of the cassette.
[0056] It is particularly preferable that the cassette is
removably mountable within a build chamber of a powder
forming apparatus. This alleviates the need to make and break
seals when changing the cassette and also allows some flex-
ibility in the positioning of the cassette within the build cham-
ber.

[0057] In a further aspect a system for producing three-
dimensional articles by additive manufacture is provided. The
system comprises a rapid manufacturing or additive manu-
facturing apparatus, for example an SLS or SLM machine, the
apparatus including a build chamber, a spreader means or
wiper arm for spreading a layer of powder material over a
build surface within the build chamber, and an irradiation
means for irradiating selected portions of the build surface
corresponding to a cross-section of the article to be formed.
The preferred irradiation means is a laser source. The system
further comprises a control means for monitoring and con-
trolling the apparatus and process parameters and a replace-
able cassette for containing and dispensing powder for use in
the process, the cassette being replaceably mountable within
the build chamber.

[0058] Preferably the replaceable cassette is associated or
coupled to a tracking device or identity tag capable of com-
munication with the control means to supply information or
data relating to the cassette and/or the powder within the
cassette to the control means. This allows the control means to
control or modify parameters to those particularly suitable to
the powder used for the forming process.

[0059] Advantageously the control means may cause infor-
mation relating to the cassette mounted or installed in the
powder forming apparatus to be displayed to an operator.
Such information may be particularly advantageous where
the powder material is of a particularly hazardous nature.
[0060] The system may further comprise an inert gas sup-
ply and a gas circuit for supplying inert gas to the build
chamber. In such a system a filter will be disposed within the
inert gas circuit for filtering powder particles.

[0061] Preferably the filter is associated with a tracking
device or identity tag capable of communication with the
control means and the control means is capable of processing
data from the filter and from the cassette to ensure that the
system only operates when both the powder species and the
type of filter are compatible. This is advantageous in situa-
tions where, for example, the powder is too fine to be filtered
by a particular type of filter or where material has been
changed within the powder forming apparatus and the com-
bination of different powder materials in the same filter may
be hazardous.
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[0062] The cassette for the system according to this aspect
may be any cassette as described above.

[0063] Preferably the control means comprises a computer,
either external to the powder-forming apparatus or integral
with it, running suitable software for controlling operation of
the radiation source, spreader means, inert gas supply etc.
Where the system includes a dispenser that is capable of
delivering controllably varying volumes of powder to a build
surface, it may be advantageous that the control means
includes means for calculating the volume of powder required
for each layer. The volume of powder delivered to the build
surface to form each layer may thus be varied according to
this calculation to try and optimise the volume of powder
delivered.

[0064] In a further aspect a method of forming a three-
dimensional object is provided, the method comprises a step
of'a) mounting a powder cassette having a powder dispenser
within a build chamber of a powder forming apparatus, b)
actuating the dispenser to dispense powder, c) spreading the
powder to form a layer of powder over a build surface, d)
irradiating a portion of the layer corresponding to a cross
section of the three-dimensional object with a high energy
beam to consolidate the powder in the irradiated portion by
melting or sintering, ¢) lowering the build surface by the
thickness of the is consolidated portion, and then repeating
steps b to e until the desired three-dimensional shape is
formed.

[0065] Itis particularly preferable in such a method that the
powder dispenser is actuated to release a predetermined vol-
ume of powder by movement of a reciprocating spreader
means that spreads the powder to form a layer of powder over
the build surface. This interaction allows for a simple and
effective timing of the powder metering.

[0066] In further aspects a powder forming apparatus for
example, a SLS or SLM apparatus is provided comprises a
powder dispenser as described above, or a replaceable pow-
der cassette as described above.

[0067] A preferred embodiment of the invention will now
be described with reference to the Figures in which;

[0068] FIGS. 1a, 15 and 1c illustrate a typical prior art
piston based powder delivery method.

[0069] FIG. 2 illustrates a typical prior art auger mecha-
nism for powder delivery.

[0070] FIG. 3 is a perspective view of components of a
powder dispenser according to the invention.

[0071] FIG. 4ais a plan view of a first retaining member of
a powder dispenser according to the invention

[0072] FIG. 45 illustrates a metering plate for a powder
dispenser according to the invention.

[0073] FIG. 4c¢ illustrates a second retaining member for a
powder dispenser according to the invention.

[0074] FIG. 5 illustrates the arrangement of components in
the powder dispenser according to the invention.

[0075] FIGS. 6a to 6d illustrates operation of the powder
dispenser according to the invention.

[0076] FIG. 7 illustrates a plan view of a dispensing plate
for a powder dispenser according to the invention when in its
actuated position.

[0077] FIGS. 81to 10 illustrate plan views of metering plates
according to the invention having different shapes and
arrangements of metering voids.

[0078] FIGS. 11A to 11C illustrate the operation of a dis-
penser according to an aspect of the invention having multiple
selectable rows of metering voids.
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[0079] FIG. 12 illustrates a plan view of a metering plate for
adispenser according to an aspect of the invention showing an
arrangement of oblique metering voids.

[0080] FIG.13 illustrates a plan view of a metering plate for
adispenser according to an aspect of the invention showing an
arrangement of oblique metering voids.

[0081] FIG. 14 illustrates a plan view of a metering plate for
adispenser according to an aspect of the invention showing an
arrangement of metering voids that are functionally equiva-
lent to the slots illustrated in FIGS. 12 and 13.

[0082] FIG. 15A is a schematic diagram illustrating the
positions of various seals in a dispenser according to an aspect
of the invention.

[0083] FIGS. 15B and 15C are plan views showing the
positions of the seals of the dispenser of FIG. 15A.

[0084] FIGS. 3 and 4 illustrate component parts of a pre-
ferred embodiment of a powder dispenser according to the
invention. The dispenser is coupled to a powder container
310, which defines an internal space for retaining a powder
material (the dispenser and the container being component
parts of a powder cassette). The container is of substantially
cuboid shape having four sidewalls, a top wall and a bottom
wall. The bottom wall forms a first retaining plate 320 of the
dispenser having a longitudinal slot 330 defined through its
thickness. Six spacing pins 321 extend from the first retaining
plate.

[0085] The longitudinal slot 330 of the first retaining plate
320 is substantially in the centre of the plate and allows
passage of powder contained within the container 310. (FIG.
3 shows the first retaining member at the top of a container,
i.e. facing upwards; in use the container is inverted and the
first retaining member is the lower wall of the container).
[0086] The dispenser includes a metering member 340 hav-
ing a plurality of offset metering voids or slots 350. The
metering member is in the form of a substantially rectangular
plate having first and second faces, the voids extending
through the plate from one face to the other. Preferably the
metering plate is manufactured from a material with low
coefficient of friction such as polytetrafluoroethylene (PTFE)
or nylon.

[0087] The metering plate 340 includes a pair of biasing
elements or return mechanisms 360. Each return mechanism
comprises a helical spring 365 wound around, and urging the
metering plate against, a runner 370 that is slideably disposed
through the metering plate 340.

[0088] The metering voids 350 consist of a pair of parallel
rows of voids that are offset from the longitudinal centreline
of the metering plate.

[0089] The metering plate defines a number of slots 351 or
recesses 352 that accommodate the spacing pins 321 of the
first retaining plate.

[0090] The dispenser further comprises a second retaining
member 380 in the form of a substantially rectangular plate
having a longitudinal slot 390 defined through the thickness
of'the plate for the passage of powder, the slot 390 being offset
from the longitudinal centreline of the second retaining plate.
[0091] The second retaining plate 390 has six recesses 381
that engage with the spacing pins 321 extending from the first
retaining plate 320.

[0092] When assembled, the metering plate is sandwiched
between the first and second retaining plates. This can be seen
in FIG. 5.

[0093] The dispenser 1 forms a lower part of a powder
cassette 2 having a powder container 310 filled with a powder

Sep. 15,2011

315. The cassette has an external mounting means 400 for
allowing it to be mounted within an additive manufacturing
machine. Powder is directed by means of internally sloping
walls 410 within the container towards the central aperture
330 of the first retaining plate 320 the first retaining plate
forming a bottom wall of the powder container. The aperture
330 through the first retaining plate is, therefore, always in
communication with the interior of the container.

[0094] Thedispensing mechanism 1 of the cassette consists
of the metering plate 340, slideably sandwiched between the
first retaining plate 320 and the second retaining plate 380. In
the position as illustrated in FIG. 5 the metering plate 340 is
urged towards a position in which the metering voids 350 are
in overlapping relationship with the aperture 390 through the
second retaining plate 380, but not with the aperture 330
through the first retaining plate 320.

[0095] Operation of the powder dispenser will now be
described with reference to FIGS. 6a to 64 and FIG. 7.
[0096] In an initial state (FIG. 5 or FIG. 6a) the powder
dispenser is arranged such that the metering plate 340 is
biased towards a position in which the metering voids 350
overlap with the second aperture 390 in the second retaining
plate 380 but do not overlap with the first aperture 330 in the
first retaining plate 320.

[0097] The retaining plates are held in tight engagement
with the metering plate such that powder is prevented from
escaping the powder container.

[0098] Powder communicates with the first aperture in the
first retaining plate but is prevented from passing completely
through the first retaining plate (i.e. is retained within the first
aperture) by an upper surface of the metering plate. The upper
surface of the metering plate forms a lower boundary or wall
to the first aperture.

[0099] As illustrated in FIG. 65 and FIG. 7 the metering
plate can be actuated by physically moving it relative to the
first and second retaining plates against the action of the
resilient return mechanism 360. This brings the metering
voids into overlapping communication with the first aperture
and powder passes from the first aperture into the metering
voids. Powder is prevented from exiting the metering voids,
i.e. prevented from passing completely through the metering
plate by an upper surface of the second retaining member
which acts as a lower boundary or wall to the metering voids.
[0100] Asthe actuation means is released the helical spring
365 of the return mechanism 360 urges the metering plate
towards its original position (as illustrated in FIG. 6¢). The
metering voids are thus slideably translated such that they are
no longer in overlapping engagement with the first aperture.
Because the plates are sandwiched together with a degree of
interference the powder is substantially prevented from
becoming jammed between the interface of the metering
layer and either of the first or second retaining plates. As the
metering member travels towards its original position it
passes through an intermediate stage (FIG. 6¢) in which the
metering voids are neither in communication with the first
aperture nor the second aperture. In this intermediate position
the metering voids form a closed volume defined by walls of
the metering plate 352 a lower surface of the first retaining
member 322 and an upper surface of the second retaining
member 382. Within this metering void a metered dose or slug
of powder 500 is retained.

[0101] Asthe metering plate reaches its final position in the
cycle (FIG. 6d) the metering voids are returned to overlapping
relationship with the second aperture of the second retaining
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plate. The action of gravity allows the metered slug of powder
500 to be dispensed through the aperture in the second retain-
ing plate.

[0102] In a preferred embodiment the cassette comprising
the powder dispenser is removably mountable within an addi-
tive manufacturing apparatus typically a selective laser sin-
tering (SLS) or selective laser melting (SLM) apparatus. Such
an apparatus uses a spreading means such as a wiper arm or
coater arm to spread a dispensed line of powder over a build
area. Such a wiper arm may be slideably mounted on a rail
within the build chamber of a powder processing apparatus
and reciprocally actuated backwards and forwards by means
of a drive mechanism, for instance a belt or chain drive
mechanism. It is important that timing of the release of a slug
of powder from the powder dispenser coincides with the
appropriate point in the reciprocating motion of the wiper arm
such that the wiper arm is able to collect the slug of powder
and spread it over the build surface. An advantage of the
present invention is that the wiper arm mechanism can physi-
cally engage with the metering plate of the powder dispenser
to actuate it against the biasing means. For example, in a
preferred embodiment a wiper arm travels on a jig and the
wiper arm itself passes over a build area and beyond the
powder dispenser. A portion of the wiper arm jig interacts
with the metering plate to allow powder to access the meter-
ing voids as the wiper arm returns back towards the build area
the metering plate is allowed to return, under the influence of
its own resilient return member, to the position where the
newly metered slug of powder can be delivered from the
powder dispenser into the path of the wiper arm.

[0103] It may be preferable for the powder cassette and the
powder spreader means to be slideably mounted on the same
rail within the powder-forming machine.

[0104] Ina preferred example the cassette includes holes in
its upper wall for engaging with a large powder hopper which
stores sufficient powder for a full build.

[0105] In the preferred embodiment of a dispenser
described above, the metering voids are in the form of elon-
gate voids that extend through the metering plate is (see, for
example FIG. 4B). It is clear that the invention is not limited
to metering voids that are elongate. For example in FIG. 8, an
equivalent metering effect is provided by the provision of two
substantially parallel rows of circular metering voids 850.
Likewise, FIG. 9 illustrates an embodiment of a metering
plate having parallel rows of offset square metering voids
950. It is noted that all other elements in FIGS. 8 and 9 are as
described in relation to the embodiment illustrated in FIG.
4B.

[0106] FIG. 10 illustrates an embodiment of a metering
plate having two sets of circular metering voids. The dis-
penser can, in a single actuation step, deliver a first volume of
powder defined by the volume of the metering voids in the
first set of metering voids 1010 or a second volume of powder
defined by the total volume of the metering voids in both first
and second sets 1010 and 1020.

[0107] FIGS. 11A to 11C illustrate the operation of a dis-
penser having a metering plate defining multiple sets of
metering voids 1101, 1102, 1103. The metering plate 1140
defining these three sets of metering voids is sandwiched
between a first retaining member 1120 and a second retaining
member 1180 as described in detail for a dispenser having a
single set of metering voids. Operation of the dispenser
according to this further embodiment is essentially similar to
that described above in relation to FIG. 6. In an initial position
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powder 1115 contained within a container 1110 passes
through a first aperture 1130 and is prevented from passing
out of the container by an upper surface of metering plate
1140.

[0108] The metering plate is actuated so that it slides rela-
tive to the first retaining plate and the second retaining plate,
thus bringing first set of metering voids 1101 into an overlap-
ping relationship with the first aperture 1130, thus allowing
powder in a container to enter the first set of metering voids.
As the metering plate is further actuated in the same direction
against the actuation of the biasing spring 1165, a second set
of metering voids 1102 is brought into overlapping relation-
ship with the first aperture 1130, and powder is allowed to fill
this set of metering voids. The same is repeated such that a
third set of metering voids 1103 are filled with powder.
[0109] Once all three of the sets of metering voids have
been filled with powder the positive actuation is released
(either completely or in stages) and the biasing spring returns
the metering plate to its original position. In doing so the third
set of metering voids pass over the second aperture defined
through the second retaining member. This allows the powder
contained within the third set of metering voids to be dis-
pensed. The second set of metering voids and the first set of
metering voids also pass into an overlapping relationship with
the second aperture 1190 such that powder contained within
these sets of metering voids is also dispensed.

[0110] Using a dispenser of this construction it is possible
to vary the volume of powder dispensed. The total volume of
powder dispensed can be either the total volume of the first set
of metering voids 1010, or the volume of the first set of
metering voids plus the second set of metering voids, or the
total volume of all three sets of metering voids. Selection of
one, two or three sets of metering voids for delivery of powder
is achieved by varying the distance the metering plate is
actuated against the biasing spring.

[0111] Each set of metering voids can be either a single
elongate metering void or a plurality of metering voids as
described in relation to the preferred embodiment above.
[0112] Inafurtherembodimentitis possibleto controllably
vary the volume of powder delivered by a dispenser over a
range of volumes. The metering plates illustrated in FIGS. 12
and 13 have a plurality of oblique elongated metering voids
1200, 1400. The volume of powder that enters these voids
depends on the extent to which the voids overlap with an
aperture in the first retaining plate of the dispenser. If the
metering voids pass beneath the aperture completely then the
voids will completely fill with powder. If, however, the meter-
ing plate only moves far enough for, say, 90% of the area of
the metering voids to pass beneath the aperture then the voids
will not fill completely and less volume of powder will be
delivered. By the use of a controller that varies the actuation
distance of the metering plate different volumes of powder
may be delivered with each stroke.

[0113] A practical use of the ability to controllably vary the
volume of powder delivered by the dispenser may be found in
the construction of three dimensional objects by laser melt-
ing. When a laser beam melts a portion of a layer of powder,
the melted portion shrinks in relation to the surrounding pow-
der. This is because the laser beam is densifying the powder in
this portion and removing the porosity associated with pow-
ders. Different layers of such a construction may involve
different amounts of laser melting and each layer will, there-
fore, have a unique degree of shrinkage. For example, one
layer may involve the melting of 5% of the surface within the
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build area while another layer in the same construction may
involve the melting of more than 50% ofthe surface within the
build area.

[0114] To produce a product with high integrity it is pref-
erable that the thickness of each layer of powder is maintained
at the same value throughout the build process. Thus, more
powder needs to be added in order to maintain the same
powder thickness when 50% of the previous layer has been
consolidated compared to the case where only 5% has been
consolidated. In practice an excess of powder is often applied
to all layers to overcome this issue. The process can be made
more efficient, however, if the volume of powder delivered to
each layer can be varied to accommodate the unique require-
ment of each layer.

[0115] Thus, a preferred specific embodiment of a dis-
penser employs a metering plate that allows the volume of
powder delivered to be varied by varying the relative move-
ment of the metering plate and a control means that calculates
the volume of powder required for each layer and actuates the
metering plate accordingly to deliver the desired volume.

[0116] The metering plate illustrated in FIG. 14 shows an
arrangement of metering voids that is functionally equivalent
to the plates shown in FIGS. 12 and 13.

[0117] An optional feature that may be employed on any
dispenser described above is the use of spacing members
between the metering plate and its retaining plates. FIGS.
15A to 15C illustrate a specific example of such spacing
members. The dispenser of FIGS. 15A to 15C is substantially
the same as the dispenser described above in relation to FIGS.
3 to 7, and the same reference numerals have been used for
common features. The metering member 340 is spaced from
the first retaining plate 320 by a PTFE spacing member 1510.
The spacer is a continuous ring that bounds the lower surface
of the first retaining member 320 and allows the metering
member to slide without the upper surface of the metering
member contacting the lower surface of the first retaining
member. Powder from the powder container 310 can sit on the
surface of the metering member, but the spacer 1510 prevents
this powder from escaping from the dispenser. In other words,
the spacer 1510 acts as a powder leak seal.

[0118] As powder can be maintained on the upper surface
of'the metering member, it may be possible for this powder to
rub against the lower surface of the first retaining plate when
the metering member is actuated. Thus, it is preferable that
the spacing is maintained to be a distanced slightly greater
than the largest particle diameter in the powder.

[0119] The lower surface of the metering plate can simi-
larly be separated from the second retaining member 380 by
asecond spacer 1520. As with the first spacer 1510 the second
spacer 1520 is in the form of a ring that bounds the second
retaining member and acts as a sliding surface for the meter-
ing member while also acting as a powder leak seal.

[0120] Inthe specific embodiment illustrated in FIG. 15A a
third spacer 1530 is situated between the metering member
340 and the second retaining plate 380. This third spacer
surrounds the longitudinal slot that is defined through the
second retaining plate 380 to allow powder to be dispensed.
This third spacer acts as a powder seal to prevent powder that
may be situated on top of the second retaining member from
escaping the dispenser though the opening 390. Thus the
spacer 1530 is effectively a powder leak seal. The third seal
1530 may be particularly advantageous in situations where
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powder is to be deposited in a vacuum and the pumping down
process may otherwise cause powder to escape through the
opening 390.

1. An additive manufacturing powder dispenser for dis-
pensing powder for use in an additive manufacturing process
comprising,

a metering member for dispensing a line of powder having

a predetermined volume, the metering member defining
one or more metering voids extending through the
metering member, the or each metering void having an
entrance opening defined in a first face of the metering
member and an exit opening defined in a second face of
the metering member.

2. A dispenser according to claim 1 in which, the volume
defined by the one or more metering voids is equivalent to the
predetermined volume of powder.

3. A dispenser according to claim 1 or 2 in which the
metering member defines an elongate metering void for dis-
pensing powder.

4. A dispenser according to claim 1 in which the metering
member defines a plurality of metering voids arranged in two
or more offset rows for dispensing powder.

5. A dispenser according to claim 1 in which the metering
member comprises a plurality of oblique metering voids for
dispensing powder.

6. A dispenser according to claim 4 in which the plurality of
metering voids dispense an even distribution of powder to a
surface.

7. A dispenser according to claim 1 in which the metering
member is reciprocally movable relative to other component
parts of the dispenser between a first position in which pow-
der is able to pass into and be retained within the metering
void(s) through the entrance opening(s) and a second position
in which the predetermined volume of powder is able to be
dispensed through the exit opening(s).

8. A dispenser according to claim 7 in which the metering
member is movably sandwiched between first and second
retaining members,

the first retaining member defining a first aperture for sup-

plying powder to the entrance opening(s) and the second
retaining member defining a second aperture for allow-
ing dispensing of powder from the exit opening(s).

9. A dispenser according to claim 8 in which in the first
position the first aperture and the entrance opening(s) are in
overlapping relationship with each other but the exit opening
(s) are not in overlapping relationship with the second aper-
ture, and in the second position the exit opening(s) and the
second aperture are in overlapping relationship with each
other but the entrance opening(s) are not in overlapping rela-
tionship with the first aperture.

10. A dispenser according to claim 8 in which the metering
member and at least one of the retaining members is planar.

11. A dispenser according to claim 8 in which the first
retaining member is coupled to a powder container such that
the first aperture allows passage of a powder contained in the
container.

12. A dispenser according to claim 11 in which the first
retaining member forms part of the container, for example a
lower wall of the container.

13. A dispenser according to claim 8 in which the first and
second retaining members are fixed in relation to each other
and the first and second apertures are laterally offset from
each other.
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14. A dispenser according to claim 8 in which the metering
member is slideable relative to the first and second retaining
members.

15. A dispenser according to claim 8 in which a seal is
disposed between the first retaining member and an upper
surface of the metering member to prevent unwanted egress
of powder from the dispenser, and/or a seal is disposed
between the second retaining member and a lower surface of
the metering member to prevent unwanted egress of powder
from the dispenser.

16. A dispenser according to claim 8 in which a seal is
disposed around the second aperture between the second
retaining member and a lower surface of the metering mem-
ber to prevent egress of powder from the second aperture
unless the metering member is appropriately positioned.

17. A dispenser according to claim 7 in which the metering
member is biased towards the first position.

18. A dispenser according to claim 7 in which the metering
member is biased towards the second position.

19. A dispenser according to claim 1 in which the metering
member and/or the retaining members is made from a low-
friction material.

20. A dispenser according to claim 1 when associated with
a powder container for supplying powder to the metering
member in which powder is sealed within the powder con-
tainer.

21. A dispenser according to claim 20 in which the powder
container comprises or is connected to a heating means for
heating powder within the container.

22. A dispenser according to claim 20 in which the powder
container comprises an identification means for providing
information relating to the container and/or its contents

in which the identification means is a radio frequency

identification device.

23. A dispenser according to claim 1 adapted to be replace-
ably mounted within a build chamber of a powder forming
apparatus.

24. A dispenser according to claim 1 in which the additive
manufacturing process is a selective laser melting or selective
laser sintering process.

25. A dispenser according to claim 1 having a plurality of
metering voids, in which the dispenser can be actuated to
dispense powder from a predetermined fraction of the total
void volume in order to vary the volume of powder dispensed.

26. A method of dispensing a predetermined volume of
powder for use in an additive manufacturing process com-
prising the steps of,

passing powder into an entrance opening(s) of one or more

metering voids extending between a first face and a
second face of a metering member,

retaining the powder within the metering void(s), and

dispensing the predetermined volume of powder from an

exit opening(s) of the metering void(s).

27. A method according to claim 26 further comprising the
step of moving the metering member between a first position
in which powder can pass through the entrance opening(s) of
the one or more metering voids but not the exit opening(s),
and a second position in which powder can pass through the
exit opening(s) of the one or more metering voids but not the
entrance opening(s), wherein only the predetermined volume
of powder is transferred between the first and second posi-
tions.

Sep. 15,2011

28. A method according to claim 26 in which the metering
member is sandwiched between first and second retaining
members, comprising the steps of,

passing powder through a first aperture defined through the

first retaining member into the entrance opening(s) of
the one or more metering voids, the second retaining
member preventing egress of the powder through the
exit opening(s),

moving the metering member relative to the first and sec-

ond retaining members such that the predetermined vol-
ume of powder is passed through the exit opening(s) in
the one or more metering voids and through a second
aperture defined through the second retaining member.

29. A method according to claim 26 used with a dispenser
that is integral with a powder container that feeds powder
through the first aperture.

30. A method according to claim 26 in which a length or
line of powder is dispensed.

31. A method according to claim 26 for dispensing powder
for use in a selective laser sintering or selective laser melting
operation.

32. A method according to claim 27 in which the metering
member is biased towards the second position and is actuated
to the first position, or vice versa.

33. A method according to claim 26 in which the dispenser
is used in conjunction with additive manufacturing apparatus
comprising a reciprocating powder spreader for spreading a
layer of powder over a build surface, and the movement of the
metering member is actuated by the powder spreader.

34. A method according to claim 26 further comprising the
step of vibrating the powder source.

35. A replaceable powder cassette for supplying powder in
an additive manufacturing process, the cassette comprising,

a container portion for containing the powder,

amount for removably mounting the cassette within a build

chamber of an additive manufacturing apparatus, and in
which the container is connected to or couplable to

a dispenser for dispensing a predetermined volume of pow-

der from the container.

36. (canceled)

37. A cassette according to claim 35 further comprising
powder for use in the additive manufacturing process.

38. A cassette according to claim 35 in which the mount
includes a slider mechanism for interacting with rails fixed
within the additive manufacturing apparatus.

39. A cassette according to claim 35 further comprising a
heater for pre-heating the powder within the cassette.

40. A cassette according to claim 35 further comprising an
identification means.

41. A cassette according to claim 40 in which the identifi-
cation means is a radio frequency identification tag.

42. A cassette according to claim 40 in which the identifi-
cation means holds information relating to powder contained
in the cassette.

43. A system for producing three-dimensional articles by
an additive manufacturing process comprising,

an additive manufacturing apparatus having

a build-chamber,

a spreader for spreading a layer of powder over a build

surface within the build chamber, and

an irradiation means for irradiating selected portions of the

build surface corresponding to a cross-section of the
article to be formed,
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the system also comprising a control means for monitoring
and controlling the apparatus and processing param-
eters, and

a replaceable cassette for containing and dispensing pow-

der to be spread over the build surface, the cassette being
mountable within the build-chamber.

44. A system according to claim 43 in which the cassette is
associated with an identification means that is capable of
communicating with the control means to supply data relating
to the cassette and/or the powder in the cassette.

45. A system according to claim 43 in which the informa-
tion relating to the powder includes at least one of powder
composition, powder particle size, powder particle size dis-
tribution, cassette temperature, powder level, powder lot,
powder test information, powder processing history and pow-
der hazard information.

46. A system according to claim 44 in which the control
means processes data relating to the cassette and/or powder in
the cassette and automatically adjusts process parameters
accordingly.

47. A system according to claim 44 in which the control
means causes information relating to the cassette and/or pow-
der in the cassette to be displayed to an operator.

48. A system according to claim 44 further comprising an
inert gas supply and a circuit for supplying the inert gas to the
build chamber, a filter being disposed in the circuit for filter-
ing powder particles, in which the filter is associated with an
identification means capable of communicating with the con-
trol means to supply data relating to the filter, the control
means being capable of processing the filter data and the
cassette or powder data and preventing operation of the sys-
tem unless the powder and the filter are compatible.

49. (canceled)

50. A system according to claim 43 in which the control
means comprises a computer for running control software.

51. A method of forming a three dimensional object using
a additive manufacturing process comprising the steps of,
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(a)—mounting a powder cassette having a powder dis-
penser within a build chamber of a powder forming
apparatus,

(b)—actuating the dispenser to dispense powder,

(c)—spreading the powder to form a layer of powder over
the build surface,

(d)—irradiating a portion of the layer corresponding to a
cross-section of the three dimensional object with a high
energy beam to consolidate the powder in the irradiated
portion by melting or sintering,

(e)—lowering the build surface by the thickness of the
consolidated portion, and

repeating steps (b) to (e) until the three dimensional shape
is formed.

52. A method according to claim 51 in which the line of
powder is spread by a reciprocating spreader and interaction
of the spreader with the cassette causes actuation of the dis-
penser.

53. (canceled)

54. (canceled)

55. (canceled)

56. (canceled)

57. (canceled)

58. (canceled)

59. A powder dispenser for dispensing a predetermined
volume of powder for use in an additive manufacturing pro-
cess comprising,

a metering member defining one or more metering voids
extending through the metering member, the or each
metering void having an entrance opening defined in a
first face of the metering member and an exit opening
defined in a second face of the metering member, the
volume defined by the one or more metering voids being
equivalent to the predetermined volume of powder.

£ sk s sk *

24





