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A METHOD FOR THE ADDI TI VE MANUFACTURI NG OF A PART BY
SELECTI VE MELTI NG OR SELECTI VE SI NTERI NG OF OPTI M ZED-
COVPACTNESS PONDER BEDS USI NG A H GH ENERGY BEAM

The present invention relates to the field of
fabricating parts by using a high energy beam (| aser
beam electron beam ...) for selectively nelting or
selectively sintering beds of powder.

In particular, the present invention relates to
fabricating netallic, intermetallic, ceramc, or
pol ynmeric parts.

More particularly, the invention relates to a
fabrication nethod for fabricating a part by selective
mel ti ng of powder beds by high energy beam the nethod
conprising the foll ow ng steps:

a) providing a material in the formof powder
particl es;

b) depositing a first powder |ayer of said materi al
on a build support (the support may be solid, a portion
of another part, or a support grid used to facilitate
bui l ding certain parts);

c) scanning at |east one region of said first |ayer
with the beam so as to heat the powder of this region
locally to a tenperature higher than the sintering
tenperature of the powder, such that the particles of
said powder as sintered or nelted in this way form at
| east a first single-piece elenent;

d) laying a second powder |ayer of said material on
the first powder |ayer;

e) scanning at |east one region of the second | ayer
with the beam so as to heat the powder of this region to
a tenperature higher than the sintering tenperature of
t he powder, so that the particles of powlder as sintered
or nelted in this way format | east one second single-
pi ece elenent (in general this region of the second | ayer
is situated in part or conpletely over the region of the
first layer that was scanned by the beamin step c), such
that the powder particles nelted or sintered in step c)
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and in step e) together forma single piece;
nevertheless, in certain circunstances, in particular for
fabricating portions of a part with undercut, the region
of the second |ayer is not situated over the region of
the first |ayer that was scanned by the beamin step c)
and the powder particles nelted or sintered in step c)
and in step e) then do not forma single-piece unit; and

f) repeating steps d) and e) for each new powder
| ayer to be laid over a preceding |layer, in which at
| east one region has already been nelted or sintered,
until the part has been conpletely forned.

The invention relates in particular to rapid
fabrication of parts by selective nelting of beds of
powder by using a | aser.

Selective laser nelting (SLM is a nmethod having the
mai n characteristics that are recalled below, with
reference to Figure 1.

A first layer 10 of powder of a material is
deposited on a build support 80, e.g. by neans of a
roller 30 (or any other deposition nmeans), the powder
bei ng taken froma feed bin 70 during a go novenent of
the roller 30, and then it is scraped, and possibly
conpacted a little, during one (or nore) return novenents
of the roller 30. The powder is made up of particles 60.
Excess powder is recovered in a recycling bin 40 situated
adj acent to the build bin 85 in which the build support
80 noves vertically.

Then a region of this first layer 10 of powder is
taken to a tenperature higher than the nelting
tenperature Tp of the powder (liquidus tenperature) by
scanning with a | aser beam 95.

The SLM net hod can use any hi gh energy beam i nstead
of the | aser beam 95, providing the beam has sufficient
energy to nelt the particles of powler and a portion of
the material on which the particles rest (also referred
to as the dilute zone formng an integral portion of the
liquid pool).
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This | aser scanning may be performed for exanple by
a gal vanoneter head form ng part of a control system 50.
By way of exanple and in non-limting manner, the control
system may conprise at | east one steerable mrror 55 on
which the | aser beam 95 is reflected prior to reaching a
| ayer of powder having all points on its surface situated
at the same height relative to the focusing |ens
contained in the focusing system 54, the angular position
of the mrror being controlled by a gal vanoneter head so
that the | aser beam scans at |east a region of the first
| ayer of powder, and thus follows a pre-established
profile of a part. For this purpose, the gal vanoneter
head is controlled on the basis of information contained
in a database of the conputer tool used for conputer
assi sted design and manufacturing of the part that is to
be fabri cat ed.

Thus, the powder particles 60 in this region of the
first layer 10 are nelted and forma first single-piece
el enent 15 that is secured to the build support 80. At
this stage, it is also possible to use the | aser beamto
scan a plurality of independent regions of the first
| ayer so that after the material has nelted and
solidified a plurality of nmutually disjoint first
el ements 15 are forned.

The support 80 is | owered through a hei ght
corresponding to the height already defined for the first
| ayer (lying in the range 20 mcronmeters (pum to 100 pm
and generally in the range 30 umto 50 um). The
t hi ckness of the | ayer of powder for nelting or
consolidating renmains a value that may vary from one
| ayer to another since it depends strongly on the
porosity of the powder bed and on its planeness, whereas
t he preprogramred novenent of the support 80 is a val ue
t hat does not vary, ignoring slack. It should be
recall ed that the thickness of the layer for nelting or
consolidating is often as nmuch as 50% greater than the
novenent of the support 80, except for the first layer if
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the surface of the support 80 is accurately parallel to
the axis of the roller 30.

Thereafter, a second powder |ayer 20 is deposited on
the first layer 10 and on the first single-piece or
consol i dated el enent 15, and then a region of the second
| ayer 20 is heated by being exposed to the | aser beam 95,
the heated region may be situated in full or in part over
the first single-piece or consolidated el enent 15 as
shown in Figure 1, such that the particles of powder in
this region of the second |ayer 20 nelt together with at
| east a portion of the first element 15 so as to forma
second singl e-piece or consolidated el ement 25, with
these two el enments 15 and 25 together form ng a single-
pi ece block in the exanple shown in Figure 1. For this
pur pose, the second el enent 25 is advantageously already
conpl etely bonded as soon as a second el enent 25 becones
bonded to the first el enent 15.

It can be understood that depending on the profile
of the part to be built, and in particular if there is an
undercut surface, it can happen that the above-nentioned
region of the first |ayer 10 does not lie, even in part,
under the above-nentioned region of the second | ayer 20,
such that under such circunstances the first consolidated
el ement 15 and the second consolidated el ement 25 then do
not forma single-piece block.

This process of building the part |ayer by |ayer is
t hen conti nued by adding additional |ayers of powder to
t he assenbly that has al ready been forned.

Scanning with the | aser beam 95 makes it possible to
build each layer while giving it a shape that matches the
shape of the part to be made. The |ower |ayers of the
part cool nore or |ess quickly as the upper |ayers of the
part are being built.

The invention also relates to rapid fabrication of
parts without nelting, nanely by selective sintering of
powder beds by laser. Selective |aser sintering (SLS)
specifies a nethod that is simlar to SLM except that in
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SLS, the powder is raised to a tenperature that is | ower
than the nmelting tenperature T of the powder (Iliquidus
tenperature), either to a tenperature that is higher than
the solidus tenperature but |ess than the |iquidus
tenperature with sintering taking place in the liquid
phase, with the material nelting in part (material in a
pasty state with solid and |iquid phases coexisting), or
el se this tenperature is |ower than the solidus

t enperature but higher than 0.5 T and the sintering is
solid phase sintering (all of the material is solid and
the sintering takes place essentially by diffusion in the
solid phase).

In order to reduce contam nation of the part, e.g.
contam nati on by dissol ved oxygen, by oxide(s), or by
sonme other pollutant while the part is being fabricated
| ayer by |ayer as described above, this fabrication needs
to be perforned in an encl osure having controlled
hum dity and adapted to the process and the nateri al
i nvolved, being filled with a gas that is inert (non-
reactive) relative to the material in question, such as
nitrogen (N,), argon (Ar), or helium (He), optionally with
a smal | anobunt of hydrogen (H, being added for its
reduci ng power. A mixture of at |east two of these gases
may al so be considered. In order to prevent
contam nation, in particular by oxygen fromthe
surrounding nedium it is common practice to ensure that
the enclosure is at a pressure higher than atnospheric.

Thus, in the present state of the art, selective
melting or selective sintering by |aser nakes it
possi bl e, with good di nensi onal accuracy, to build parts
having little pollution and of three-dinensional shape
that can be conpl ex, but of nechanical strength that is
still not sufficient for certain applications and for
which it is necessary to achieve better optim zation of
t he met hod.

Sel ective nelting or selective sintering by |aser
al so preferably nakes use of powders of spherica
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nor phol ogy that are clean (i.e. not contam nated by
residual elenments comng from preparation of the powder),
very fine (the dinension of each particle lies in the
range 1 pymto 100 um and preferably in the range 1 umto
50 pmor indeed in the range 1 umto 20 unm, thereby
making it possible to obtain an excellent surface state
for the finished part.

Selective nelting or selective sintering by |aser
al so nakes it possible to reduce fabrication tines,
costs, and fixed expenses, conpared with a part that is
made by nol ding, injection, forging, or nmachining from
sol i d.

Parts made by selective nelting or selective
sintering by |laser neverthel ess present drawbacks.

The part still becones contam nated with too nuch
oxygen or any other pollutant, even when steps are taken
to fill the fabrication enclosure (conprising the build
bin 85, the feed bin 70, and the roller 30 or other
deposition nmeans) with a gas that is inert (non-reactive)
for the material in question. It is difficult to extract
all oxygen fromthe enclosure, and furthernore the gases
used are never 100% pure. This contam nation leads to
the material constituting the part being enbrittled
and/ or hardened and/or oxidized, giving rise to a
reduction in the ductility of the part and to premature
rupture of the part.

Cccl uded pores of gas may also formin the part,
comng firstly fromthe difference in solubility for the
inert gas between the material (the powder) in the liquid
phase and the material in the solid phase, particularly
when the pool is rich in inclusions acting as seeds for
the formati on of gas pores, when the solidification range
of the alloy is large, when the tenperature of the pool
and the solidification tine are |large, when the rate of
solidification of the liquid pool is fast, and al so when
t he powder particles nmay al so previously contain occl uded
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gas. These cl osed pores of spherical shape contribute to
reduci ng the mechani cal properties of the part.

Figure 2 shows undesirabl e spherical pores that form
within the as-fabricated part (specifically made of
| nconel 718) when using the prior art selective |aser
melting nmethod (this inmage was obtai ned by observing the
material with a scanning el ectron m croscope using
secondary el ectrons and after polishing the material).

Figure 3 shows occl uded gas pores forned upstream
wi thin the powder particles, e.g. when the particles are
obtai ned by gas atom zation (this i mage was obtai ned by
observing the powder using an optical mcroscope and
after polishing and chem cal etching).

When the prior art nmethod of selective |aser nelting
is used, an oxide filmmy also forminside such pores,
as shown in two mcrograph views of Figures 4A and 4B,
whi ch show the surface that is obtained after rupture in
an Al Si 10My al | oy.

Furthernore, the presence of gas-filled gaps between
t he powder particles encourages naterial to be ejected
under the | aser beam during selective nelting of the
powder bed, and that is troubl esone for naking | ayers of
powder and for recycling the powder. Such ejections of
material are often in the formof |arge beads (rnuch
| arger than the powder particles and possibly even | arger
than the thickness of the powder bed) that beconme wel ded
to the surface of the nolten material, thereby preventing
the follow ng | ayer being put into place and leading to
fabrication defects. Figures 5A, 5B, and 5C show t hese
beads 62 present on the surface of a layer that has just
been fabricated. These beads 62 present a dianeter of
nore than 200 uym i.e. a size that is about ten tines
greater than the size of the unnelted powder particles
60, sonme of which also remain present on the surface of a
| ayer that has just been fabricated, as can be seen in
Fi gures 5A, 5B, and 5C.
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It can sonetines even happen that these |arge beads
conme to land either in the powder bed in a region that
has not yet nelted, or in the recycling bin, making it
necessary for the manufacturer to screen the recovered
powder in order to elimnate any |arge beads in
preparation for subsequent fabrication.

When using sel ective sintering of powder beds by
hi gh energy beam the above-described problens can be
encountered, at least in part, when the sintering is
liquid phase sintering with the material nelting in part.
Furt hernore, under such circunstances and when perform ng
solid phase sintering, obtaining a part that is as
conpact as possible, i.e. obtained by effective
densification of the material, requires conditions that
are favorable to diffusion of the material, and in
particular to maintaining a tenperature higher than the
m ni mum sintering tenperature for a relatively |ong
period of tine.

An object of the present invention is to provide a
met hod of fabricating a part by selective nelting or
sel ective sintering of powder beds by high energy beam
that makes it possible to overcone the drawbacks of the
prior art.

This object is achieved by the fact that the powder
has a grain size distribution that is nultinodal

In the invention, the powler used does not present a
grain size distribution that is nononodal, |like the grain
size distribution of a conventional powder, which is
generally of the Gaussian type (it should be recalled
that the conpactness of packed powder particles increases
when the Gaussian type distribution of its particle sizes
beconmes wi der).

By neans of the invention, the coordination nunber
and the conpactness (or relative density) of the powder
bed are increased by its porosity being decreased in
opti mum manner, with this taking place before the
material is melted or sintered and solidified.
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It is thus possible to make a powder bed that is
much nore conpact prior to nelting or sintering.

This |l eads to small er gaps being present between the
particles before they nelt, and to a snmaller vol une of
gas that m ght be held captive during the nelting or
sintering of powder particles under a | aser beam

As a result, it follows firstly that the phenonenon
of gas becom ng held captive within the nelted or
sintered material is reduced, and secondly that the
phenonenon of material being ejected under the | aser beam
is dimnished, thereby consequently reducing fabrication
defects (other than occluded gas pores), thus inproving
the netallurgical quality, the dinmensional quality, and
t he nechani cal strength of the part.

The solution of the invention thus makes it possible
to reduce very significantly the nunber of pores and of
build defects and also their size in the part obtai ned by
selective nelting or selective sintering of powder beds
by hi gh energy beans, and thus contributes greatly to
i nprovi ng the nechani cal properties of said part.

Furthernore, the productivity of the nethod is
i ncreased because the powder bed is nore conpact, other
t hings being equal. Specifically, there is less materi al
shrinkage after consolidation. Furthernore, because
mat eri al ejections under the high energy beam are
reduced, it is no |onger necessary to limt
correspondi ngly the scanning speed of the higher energy
beam

Li kewi se, the nore conpact powder makes it possible
to obtain a part that is nore conpact in atinme that is
shorter, in particular for selective sintering of powder
beds, whether in liquid phase, or above all when the
sintering is in solid phase.

Furt hernore, advantageously, between steps a) and
d), said powder of the feed bin 70 is continuously
preheated to a preheating tenperature T, and an inert gas
is caused to flow, preferably upwards, through said
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powder (conparable to a fluidized bed) so as to reduce
the humdity of the air adsorbed on the surfaces of the
powder particles.

O her advantages and characteristics of the
i nventi on appear on reading the foll ow ng description
made by way of exanple and with reference to the
acconpanyi ng draw ngs, in which:

Figure 1 is a diagramfor explaining the prior art
nmet hod and showi ng the devi ce used;

Figure 2 shows the spherical pores that form
within the as-fabricated material when using the prior
art net hod;

Figure 3 shows the occluded gas pores that form
wi thin powder particles obtained by gas atom zati on;

Fi gures 4A and 4B show the oxide filmthat forns
inside pores within the nolten material when using the
prior art nmethod of selective nelting by |aser;

Fi gures 5A, 5B, and 5C, described above, are on
di fferent scal es and show the beads that are fornmed by
mat eri al being ejected fromthe surface of the nolten
mat eri al and solidifying, the beads being shown in
conparison with the powder particles used initially;

Figure 6 is a diagramrepresenting a nononodal
grain size distribution of a powder with its associ ated
curul ative volune fraction (FCV) curve; and

Figures 7 and 8 are diagrans of a binodal particle
size distribution of a powder suitable for use in the
fabrication nmethod of the invention, in tw different
ci rcumnst ances.

The device of the invention conprises a feed bin 70
containing the powder of a material, a roller 30 for
transferring the powder fromthe bin 70 and spreading a
first layer 10 of the powder on a build support 80 (which
may be a solid support, a portion of another part, or a
support grid used for facilitating the building of
certain parts).
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Advant ageously, the device also has a recycling bin
40 for recovering powder conprising a tiny fraction of
powder that has been used (in particular powder that has
not nmelted and that has not been sintered), a few |large
beads that have been ejected fromthe preceding |ayer,
and a major fraction of powder that was in excess after
t he powder |ayer was spread on the build support 80.
Thus, the nmajor fraction of the powder in the recycling
bin is nade up of new powder. The recycling bin 40 is
often commonly referred to as the overflow bin or
ashtray.

The device also has a generator 90 for generating a
| aser beam 95, and a control system 50 for aimng the
beam 95 on any region of the build support 80 so as to
scan any region of the |ayer of powder. The shaping of
the | aser beam and the varying of its dianeter on the
focal plane are performed respectively by nmeans of a beam
expander 52 and by neans of a focusing system 54, which
t oget her constitute the optical system

This device for applying the SLMor SLS nethod on a
powder nmay use any high energy beaminstead of the |aser
beam 95, providing the beam has sufficient energy either
to melt or to form necks or bridges between powder
particles and a portion of the material on which the
particles rest.

The roller 30 may be replaced by any other suitable
| ayi ng system such as a di spenser (or hopper) associ ated
with a scraper blade, a knife, or a brush, suitable for
transferring and spreadi ng the powder in | ayers.

By way of non-limting exanple, the control system
50 conprises at | east one steerable mirror 55 on which
the laser beam 95 is reflected prior to reaching a | ayer
of powder having each point on its surface situated at
the sane height relative to the focusing | ens contai ned
in the focusing system 54, the angular position of the
mrror 55 being controlled by a gal vanoneter head so that
the | aser beam scans at |east a region of the first
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powder | ayer, while also follow ng a pre-established part
profile.

In outline, use is nade of a |aser generator 90, of
a systemfor adjusting the dianeter of the | aser beam
also referred to as a beam expander 52, of a systemfor
scanning the | aser beam also referred to as a scanner
56, and of a system for focusing the |aser beam 54. The
beam expander 52 is nade up of a set of |enses that are
secured to one another so as to cause the dianeter (®) of
the optical fiber to change to the dianmeter (D>®) of the
| aser beamthat reaches the focusing lens. The focusing
system for focusing the |aser beam of dianmeter (D) is
constituted by a focusing |lens characterized by a focal
length (f) that causes the dianmeter (D) of the | aser beam
to change to the dianeter (d<D) on the focal plane
defined by the surface of the build support 80 or the
surface of the powder bed.

In the invention, use is made of a powder 60 nade up
of particles having a grain size distribution that is not
nmononodal , i.e. that is not centered on a single nean
di ameter value, but rather that is multinodal, i.e. that
is centered on nore than a single nean di aneter val ue,
namely on a plurality of nean dianmeter val ues.

The term "nean size" or "mean dianmeter” in the
present patent application is used to nean the nedi an
di ameter dgy, i.e. the dianmeter that corresponds to 50%
of the cumul ative volume or of the cumnul ative wei ght of
powder particles presenting a size smaller than this
nmedi an di aneter val ue dg,, and 50%in cunul ative vol une
or in cumul ative weight of the powder particles
presenting a size greater than this nedian dianmeter val ue
dsqy, a@s can be seen in Figure 6, which is a diagram
plotting a nononodal grain size distribution curve 100 of
a powder (particle size d in mcroneters), together with
t he associ ated cunul ati ve volume fraction curve 110.
Dianeters dyy, Jdigy Gsges Jggs @nNd djgee @S Used in the text
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bel ow are marked on this nononodal grain size
di stribution curve 100.

It shoul d be observed that any other nean di aneter
for a given particle size distribution obtained using any
ot her characterization technique could be used in the
context of the present invention.

In a provision that is preferred and advant ageously
t he | east expensive, the powder of said material has a
grain size distribution that is binodal, i.e. nmade up of
two individual powder particle size distributions, with
the grain size distribution of the powder then being
centered around two medi an or average di aneter val ues
5o

The bi nodal grain size distribution of the powder as
a whole is thus the sumof two deconvoluted grain size
di stributions, each of them being characterized by a nmean
size and a size span defined by dgy, - diqy Or preferably
by digpe - doys, |t should be recalled that the span of a
grain size distribution is nore usually quantified by
using a uniformty coefficient C, that is defined for a
vol une size distribution by a width divided by the nedian
diameter, i.e. G, = (dggy - 1009/ dsgos

These two individual distributions my overlap to a
greater or |lesser extent, but it is preferable in the
invention for the overlap to be negligible or for there
to be no overl ap.

Figures 7 and 8 are diagrans for two situations,
showi ng a binodal grain size distribution of a powder
suitable for use in the context of the fabrication nethod
of the invention: the curve 101 corresponding to a first
grain size distribution after selective sorting (e.g. by
elutriation) having a first distribution of particles of
smal | size centered around the nedian di aneter dg,,, and
the curve 102 corresponding to a second grain size
distribution, after selective sorting (e.g. by
screening), conprising a second distribution of particles
of large size centered around the nedian di aneter dgg,.
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Figure 7 shows the situation in which there is no
overl ap between the two curves 101 and 102: dg,, IS
greater than d;pg;

Figure 8 shows the situation in which the two curves
101 and 102 overlap: dyy,, IS less than diggy 1, dsgeg §S
l ess than dgy,,, and djg,, 1S | €SS than dgy,,.

When there is considerable overlap, it is necessary
to perform deconvol uti on processing on the grain size
di stribution of the powder as a whole in order to define
t hese individual distributions properly.

For a binodal grain size distribution, the powder 60
advant ageously has a first distribution of particles of
smal | size (curve 101) having nean size centered around a
first mean di aneter value dgy,,,; and a second distribution
of particles of large size (curve 102) having nmean size
centered around a second nean dianmeter value dgy,, that is
substantially seven tinmes greater than said first nmean
di anmeter val ue dgy,,. Preferably, the first particle
di stribution represents substantially 27% by wei ght of
t he powder (the second particle distribution then
representing the balance, i.e. substantially 73% by
wei ght of the powder).

Such a binpdal distribution with a size ratio of
seven between the first nean dianeter value dgy,,; and the
second nean di aneter val ue dgyy, (dgge 1/ dsge = OF =~ 1/ 7)
gives rise to mninmum porosity and maxi mumrel ative
density for the powder bed, providing these two grain
size distributions are thoroughly well m xed together
(dry or using a wet technique) so as to obtain a
conpl etel y honogeneous m xture. Dry m xing may be
performed by diffusion (rotary drum, by convection
(rotary screw), or by shear (rotary blade or fin).

This maxi numrel ati ve density for the powder bed
| ies between the poured (or apparent) relative density
and the vibrated (or tap) relative density corresponding
respectively to the ratio between the poured (or
apparent) density and the theoretical density and to the
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rati o between the vibrated (or tap) density and the

t heoretical density. The poured density corresponds to

t he apparent density of a powder poured in bulk into a
cont ai ner of appropriate and known volume with the powder
remai ni ng non-conpacted other than by its own weight. 1In
contrast, the vibrated density corresponds to the
apparent density of the powder in the above contai ner
when conpacted on a vibrating tray w thout any ot her
applied pressure. It should be enphasized that the
conpacted and poured densities of powders are generally
determ ned using an appliance known as a "Hall flowreter”
in application of the ASTM B527-93(2000) standard.

More precisely, in the ideal situation where the
particles are sane-size spheres with a nmean size ratio of
1/7, and where the first particle distribution represents
27% by wei ght, calculation nakes it possible to show that
an optimumrel ative density of 0.86 is obtained (conpared
with 0.74 for a nononodal grain size distribution
corresponding to a regul ar packing of face centric cubic
type or of conpact hexagonal type with coordination
nunber 12) and porosity of 14% (as conpared with 26% f or
a nononodal grain size distribution). It should be
recall ed that the conpactness of random cl ose packi ng
(RCP) of npno-dispersed spherical particles is about 0.64
(for a large sphere dianeter), which is close to the
poured rel ative density of such a powder.

For exanple, use is made of the powder having a
bi nodal distribution in which the first nean di aneter
val ue dgp; 1S 3.5 pmwith dyg,,; and dgg,; respectively
being 2.2 ymand 10 uym and the second nean di aneter
val ue dgu,, IS about seven tinmes larger, i.e. dgpy, i S
24.5 pmwith d;p,, and dgy,, being respectively 15 pm and
50 pm

The first grain size distribution presents particle
sizes that are preferably not less than 1 um and not nore
than 15 pm
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The second grain size distribution presents particle
sizes that should preferably not be | ess than 10 um and
not be greater than 53 um

For exanple, these two distributions may be deduced
fromselective grain size sorting by screening for the
| arger particles (=38 umor <400 nesh) and by elutriation
for the smaller particles (<38 un) in a streamof air,
ni trogen, or argon

These two distributions can be taken froma nuch
wi der distribution (e.g. having particles of size d lying
inthe range 1 umto 150 um), thereby necessarily | eading
to a quantity of powder that is not suitable for use in
t he met hod and for which a use needs to be found.

According to another preferred provision, which is
nevert hel ess much nore expensive, the powder has a grain
size distribution that is trinodal

Under such circunmstances, and advant ageously, the
powder 60 has a first distribution of particles of small
size with nmean size centered around a first nean di aneter
val ue, a second distribution of particles of mediumsize
with nean size centered around a second nean di aneter
value that is substantially seven tinmes greater than said
first nean dianeter value, and a third distribution of
particles of large size of nean size that is centered
around a third nmean di aneter value that is substantially
forty-nine tinmes greater than said first nean diameter
value. Preferably, the first distribution of particles
represents substantially 11% by wei ght of the powder, and
the second distribution of particles represents
substantially 14% by wei ght of the powder (the third
particle distribution then represents the bal ance, i.e.
substantially 75% by wei ght of the powder).

Such a trinodal distribution with a size ratio of
seven between the second nean di aneter value and the
first nean diameter value and a size ratio of forty-nine
between the third nean di anmeter value and the first mean
di aneter value |leads to mninmum porosity and maxi num
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relative density for the powder bed which is situated
bet ween the poured relative density and the vibrated (or
tap) relative density.

More precisely, in the ideal situation where the
particles are single-sized spheres with nean size ratios
of 1/7 between the first and second distributions and of
1/ 49 between the first and third distributions,
cal cul ation nakes it possible to show that an opti mm
relative density of 0.95 is obtained (as conpared with
0.74 for a nononodal grain size distribution) and a
porosity of 5% is obtained (as conpared with 26%for a
nmononodal grain size distribution).

For exanple, use is nade of a powder having a
trinodal distribution in which the first nean di aneter
val ue dgyy; 1S 0.50 pmfor d;g,; and dgg,, being equal
respectively to 0.25 ymand 1.5 um the second nean
di ameter val ue dgy,, IS about seven tines |arger giving
dsge o €qual to 3.5 pmfor dyg,, and dgy,, respectively
equal to 2.2 ymand 10 um and the third nmean di aneter
val ue dgy, 5 IS about forty-nine tinmes greater than the
first mean di aneter value, giving dgy,3; equal to 24.5 um
and djg, 3 and dgy, 3 respectively equal to 15 pmand to
50 um The first grain size distribution presents
particle sizes that preferably do not go below 0.1 pum or
above 2.5 uym The second grain size distribution
presents particle sizes that preferably do not go bel ow
1 pumor above 15 pym The third distribution presents
particle sizes that preferably do not go below 10 um or
above 53 pm

Concerni ng the conposition of the powlder, and the
distribution of its conposition anong the particles, or
i ndeed within each particle, it is possible to devise
numer ous confi gurati ons.

I n one possible provision, all of the particles of
t he powder present identical and honbgeneous conposition.

By way of exanple, it is also possible
advant ageously to use a powder 60 that is in full or in
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part a pre-alloyed powder obtained by a nethod of
synt hesi zi ng powder froma single parent all oy.

obtai ning such a pre-alloyed powder is well known to
the person skilled in the art, in particular by gaseous
atom zation of a liquid presenting the conposition
desired for the powder (parent m xture), and form ng
droplets that solidify and thus formthe powder
particles.

It is possible to use a powder 60 that is in full or
in part a coated powder, i.e. a powder in which the
particles present conpositions that are different in a
core and in a cover situated around the core.

It is also possible to envisage a pre-alloyed powder
of agglonerated type, which is obtained by aggl onerating
a mxture of a netallic powder (matrix) and a ceram c
powder (reinforcenment) with an aqueous binder i ncluding
an aggl onerati ng agent of the pol yvinyl alcohol type or
of the cellul ose type or indeed of the polyethyl ene
gl ycol type, which is then thermally consolidated and
optional ly spheroidi zed.

It is also possible to use a powder 60 in which the
first particle distribution and the second particle
di stribution present nutually different chem cal
conposi tions.

It is also possible to imagine that the first
particle distribution is already constituted by a m xture
of two powders of different chem cal conpositions, and
possi bly also the second particle distribution.

Preferably, said material nade up of particles of
said powder is netallic, or internmetallic, or ceramc, or
pol ymeri c.

Advant ageously, said material nade up of particles
of said powder is nmetallic and belongs to the group
conprising alloys based on iron, alloys based on
titanium alloys based on cobalt, alloys based on copper,
al | oys based on nagnesium alloys based on al um num
al | oys based on nol ybdenum alloys based on tungsten,
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al | oys based on zirconium alloys based on silver, alloys
based on tantalum alloys based on zinc, alloys based on
gold, alloys based on niobium alloys based on platinum
and superal | oys based on nickel .

I n anot her preferred provision, said material is
metallic and is nade of said powder that belongs to the
group conprising TA6V and I nconel 718 (registered
trademark) .

The TA6V alloy is the well-known and wi del y-used
titaniumalloy that includes 6% by wei ght al um num and 4%
by wei ght vanadi um

The termInconel 718 (registered trademark) alloy is
used to nmean the nickel -based alloy that presents the
fol |l ow ng conposition:

El enent ot
Ni 50.0 to 55.0
Cr 17.0 to 21.0
Fe Bal ance to 100%
Mo 2.80 to 3.30
Nb 4.75 to 5.50
Co 1.0 max
Vh 0. 35 max
Cu 0. 30 nmax
Al 0.20 to 0.80
Ti 0.65 to 1.15
Si 0. 35 nmax
C 0. 08 max
S 0. 015 max
P 0. 015 max
B 0. 006 max

To perform the nethod, nothing changes fromthe
above description of the prior art nethod, except for the
mul ti nodal grain size distribution of the powder 60.

Thus, in the exanple of the powder having a single
conposition, e.g. the Inconel 718 (registered tradenark)
alloy, it is possible to start froma batch of powder
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presenting a nononodal grain size distribution curve 100
that is subjected to selective sorting in order to retain
fromanong all of those initial particles two (or nore)
subgroups of powder particles of respective sizes
centered on a first mean diameter value (first
distribution of small-size particles centered around the
medi an di aneter dg,,,) and on a second nean di aneter val ue
(second distribution of |arge-size particles centered
around the nedi an di aneter dgy,,), Wth this being done as
shown in Figures 7 and 8.

Thereafter, these two subgroups of powder particles
are m xed together at a well-defined weight ratio so as
to have a honbgeneous m xture.

Thereafter, a portion of the powder 60 is taken from
the feed bin 70 onto the build support 80 where it is
spread so as to forma first layer 10 of powder using the
| ayi ng system 30.

Thereafter, a region of this first layer 10 of
powder is raised to a tenperature higher than the nelting
(or sintering) tenperature of the powder by scanning with
t he high energy beam 95 so that the powder particles in
this region of the first layer 10 nelt (or are sintered)
and forma first single-piece elenent 15 which is a
portion of the part being built.

Advant ageously, said high energy beam 95 is a | aser
beam

Advant ageously, the powder particles 60 are heated
using the laser beam 95 to a tenperature that is not nuch
greater than the nelting tenperature T of the material
constituting the powder so as to avoid funmes being given
of f by vaporization and so that the finest, non-nelted
powder particles 60 that are in intimte contact with the
part being built do not weld together.

For exanple, the powder particles constituting the
liquid pool are not heated above the powder boiling point
T For a m xture of two powders of different chem cal
conpositions, it is appropriate to avoid heating the

evap"
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particles of the m xture above the | ower evaporation
poi nt .

The higher layers of the part are then built in
successi on as descri bed above.

When, instead of using a support grid, use is nade
of a build support 80 that is solid or a portion of
anot her part, then the build support may al so be
preheated to a substrate tenperature Ts so as to rel ax
somewhat the residual stresses in the bottom of the part
being built. A so, for the sane reasons nenti oned above,
it is appropriate to avoid preheating said build support
80 to above T/ 2, and better to avoid heating it to above
T 3.

Advant ageously, particle powders 60 are used that do
not have any occluded gas and that are free formforeign
particles. Thus, the finished part is less likely to
i ncl ude defects such as pores and inclusions or
internetallic precipitates.

Advant ageously, before depositing the powder on the
buil d support 80, the powder is previously heated for a
sufficient length of tinme (e.g. 0.5 hours (h) to 3 h
dependi ng on the weight of powder) to a preheating
tenperature T, e.g. by heating the powder feed bin 70.
This preheating tenperature T, is well below the nelting
tenperature Tg..

Furthernore, a gas that is inert for the material in
guestion, e.g. argon, is caused to flow around the powder
particles 60 in the feed bin (conparable to that which
takes place within a fluidized bed). This flow of inert
gas is preferably upward.

Thus, the humdity of air that is adsorbed on the
surfaces of the powder particles 60 is reduced or even
el i m nat ed.

Consequently, this serves firstly to facilitate
spreadi ng of the powder on the build support 80, since
the powder particles 60 are less likely to aggl onerate.
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Secondly, this serves to avoid oxide(s) form ng and
to avoi d hydrogen being given off as m ght be caused by
wat er vapor reacting with the liquid of the powder
material (e.g. with alum num alloys the follow ng
reaction occurs:

2A l'iquid + 3HZQ/apor - A 20350Iid + 3H2gas)l
and consequently the formation of fabrication defects in
the part is mnimzed.

For exanple, the preheating tenperature T, may lie in
the range 80°C to 150°C.

In the context of the present invention, in a
variant, it is possible to generate and use
sinmultaneously and in parallel a plurality of high energy
beans, for the purpose of inplenenting a fabrication
method in which a plurality of regions of the part that
are situated in the sanme plane are built sinultaneously,
t hereby saving fabrication tinme, or indeed extending the
heated region of the powder in each new | ayer under
tenperature conditions that are satisfactory for
obtaining the nelting or sintering of the powder in this
region so as to enable a part to be fabricated that is of
| ar ger size.

In preferred manner, and in order to enhance
geonetrical and spatial rearrangenment between the
particles of the powder bed, so as to ensure the greatest
possi bl e conpact ness, between the steps b) and c), and
al so between the steps d) and e), an additional step is
performed in which the build support 80 and/or the build
bin 85 is/are subjected to ultrasound vibration, in
particul ar by using a sonotrode system (not shown) that
may be directly in contact with the build support 80 or
else indirectly in contact with the build support 80
(e.g. because it is directly in contact with the build
bin 85).
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CLA M5
1. Afabrication method for fabricating a part by selective
nmelting or selective sintering of powder beds by an energy
beam the nmethod conprising the foll ow ng steps:

a) providing a material in the form of powder
particl es;

bl) preheating a build support;

b2) depositing a first powder |ayer of said
mat erial on the preheated build support;

c) scanning at |east one region of said first powder
| ayer with the energy beamso as to heat the powder of said
region locally to a tenperature higher than the sintering
tenperature of the powder, such that the particles of said
powder as nelted or sintered in said region format |least a
first single-piece elenent (15);

d) depositing a second powder |ayer of said
material on said first powder |ayer;

e) scanning at | east one region of said second powder
| ayer with the energy beamso as to heat the powder of said
region to a tenperature higher than the sintering
tenperature of the powder, so that the particles of powder
as sintered or nelted format |east one second single-piece
el ement; and

f) repeating steps d) and e) for each new powder
| ayer to be laid over a preceding layer to formthe
part;

wherein the powder conprises a grain size distribution
that is nultinmdal and wherein, between steps a) and b2),
said powder is continuously preheated to a preheat
tenperature Tp and wherein, between steps a) and b2), an
inert gas is caused to flow along a direction towards the
powder particles so that said inert gas flows through said
powder so as to dimnish air humdity adsorbed on the
surface of the powder particles.
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2. A fabrication nethod according to claiml1,
wherein the powder has a grain size distribution
that is binodal

3. A fabrication nethod according to claim 2,

wherein the powder has a first distribution of particles
havi ng nean size centered around a first nmean di aneter

val ue and a second distribution of particles having nmean
size centered around a second nean di aneter value that is
substantially seven times greater than said first nmean

di aneter val ue, and wherein the first particle distribution
represents substantially 27% by wei ght of the powder.

4. A fabrication nethod according to claim1,
wherein the powder has a grain size distribution
that is trinodal

5. A fabrication nethod according to claim4,

wherein the powder has a first distribution of particles
with nean size centered around a first nean di aneter val ue,
a second distribution of particles with nmean size centered
around a second nean dianeter value that is substantially
seven times greater than said first nmean di aneter val ue,
and a third distribution of particles of nean size that is
centered around a third nmean dianeter value that is
substantially forty-nine tines greater than said first nean
di aneter value, wherein the first distribution of particles
represents substantially 11% by wei ght of the powder, and
wherein the second distribution of particles represents
substantially 14% by wei ght of the powder.

6. A fabrication nethod according to any one of clains 1
to 5, wherein all of the particles of the powder present

i dentical and honbgeneous conposition.

7. A fabrication nethod according to any one of clains 1
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to 6, wherein the powder is a pre-alloyed powder obtained
by a net hod of synthesizing powder froma single parent
al | oy.

8. A fabrication nethod according to any one of clains 1
to 7, wherein the powder is in full or in part a coated
powder .

9. A fabrication nmethod according to claim3 or claimb5,
wherein the first particle distribution and the second
particle distribution present nutually different chem ca
conposi tions.

10. A fabrication nethod according to claim3 or claimb5,
wherein the first particle distribution is constituted by a
m xture of two powders of different chem cal conpositions.

11. A fabrication nethod according to claim3 or claimb5,
wherein all particles of the first distribution of
particles have a snmaller size than the particles of the
second distribution of particles.

12. A fabrication nethod according to claim3 or claimb,
wherein the first and second distribution of particles each
i nclude particle sizes such that the first distribution of
particles partly overlaps the second distribution of
particles.

13. A fabrication nethod according to any one of clains 1
to 12, wherein said material made up of particles of said
powder is netallic, or internetallic, or ceramc, or

pol yneric.

14. A fabrication nethod according to claim13, wherein said
mat erial made up of particles of said powder is netallic and
bel ongs to the group conprising alloys based on iron, alloys
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based on titanium alloys based on cobalt, alloys based on
copper, alloys based on magnesium alloys based on al um num
al | oys based on nol ybdenum all oys based on tungsten, alloys
based on zirconium alloys based on silver, alloys based on
tantalum all oys based on zinc, alloys based on gold, alloys
based on ni obium alloys based on plati num and superall oys
based on ni ckel .

15. A fabrication nmethod according to claim 14, wherein
said netallic material nade up of said powder belongs to
the group conprising TAV6 and |Inconel 718 (registered
trademark), wherein Inconel 718 has the follow ng
conposition: 50.00 to 55.00 vt % N, 17.00 to 21.00 mt %
Cr, 030wt %nmax Cu, 2.80 to 3.30 wt % M, 4.75 to 5.50 wt
% Nb, 0.08 wt %nmax C, 0.35 wt % max M, 0.015 w % max P,
0.015 wt %max S, 0.35 w %nax Si, 0.65to 1.15 w %Ti,
0.20 to 0.80 wt %A, 1.00 wt % nax Co, 0.006 wt % nax B
remai nder Fe.

16. A fabrication nethod according to any one of clains 1
to 15, wherein the energy beamis a | aser beam

17. A fabrication nethod according to any one of clains 1
to 16, wherein said preheat tenperature Tplies in the
range 80°C to 150°C.

18. A fabrication nethod according to any one of clains 1
to 17, wherein between steps b2) and c), and between steps
d) and e), the build support is subjected to ultrasound

vi brati on.

19. A fabrication nethod according to any one of clains 1

to 18, further conprising noving the build support along a
first direction between step ¢c) and d), wherein said first
direction is opposite to said direction of the flow of the
inert gas towards the powder particles.
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20. A fabrication nmethod according to claim19, wherein
said first direction is a downward direction and said
direction of the flow of the inert gas towards the powder
particles is an upward direction.



