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METHOD FOR MANUFACTURI NG A PART BY MELTI NG POADER, THE
PONDER PARTI CLES REACH NG THE BATH IN A COLD STATE

The present invention relates to the field of
fabricating parts by nelting powder by neans of a high
energy beam (| aser beam electron beam ...).

The invention relates nore particularly to a nmethod
conprising the foll ow ng steps:

a) supplying a material in the form of powder
particles formng a powder beam

b) heating a first quantity of the powder to a
tenperature higher than the nelting tenperature T of the
powder with the help of a high energy beam and form ng,
at the surface of a support, a first pool conprising this
nmel ted powder and a portion of the support;

c) heating a second quantity of the powder to a
tenperature higher than its nmelting tenperature T with
the help of the high energy beam and form ng, at the
surface of the support, a second pool conprising this
nmel ted powder and a portion of the support downstream
fromthe first pool

d) repeating step c) until a first layer of the part
is formed on the support;

e) heating an [n]th quantity of the powder to a
tenperature higher than its nmelting tenperature T with
the help of a high energy beam and form ng an [n]th pool
conprising in part this nelted powder above a portion of
the first |ayer;

f) heating an [n+1]th quantity of the powder to a
tenperature higher than its nmelting tenperature T with
the hel p of the high energy beam and form ng an [n+1]th
pool conprising in part this nelted powler downstream
fromsaid [n]th pool above a portion of said first |ayer;

g) repeating step f) so as to forma second | ayer of
the part above said first |ayer; and

h) repeating steps e) to g) for each | ayer situated
above an already-formed |ayer until the part is
substantially in its final shape.



10

15

20

25

30

35

In the above nethod, [n-1] quantities of powder are
needed to formthe first |ayer.

Met hods are known that make it possible to obtain
nmechani cal parts that are of conplex three-dinmensional
(3D) shape. Those nethods build up a part |ayer by |ayer
until the shape desired for the part has been
reconstituted. Advantageously, the part may be
reconstituted directly froma conputer-aided design and
manuf acturing (CADM file deduced from processing the
data of a 3D conputer assisted design (CAD) graphics
file, with a conputer controlling the machi ne that thus
forms successive |ayers of material that is nelted and
then solidified, one |ayer on another, with each |ayer
bei ng constituted by juxtaposed fillets of size and shape
defined fromthe CADMfile.

By way of exanple, the particles constituting the
powder nmay be netallic, internetallic, ceramc, or
pol ymeri c.

In the present application, when the powder is a
netal alloy, the nelting tenperature T is a tenperature
| ying between the |iquidus tenperature and the solidus
tenperature for the given conposition of the alloy.

The build support may be a portion of some other
part on which it is desired to add an additi onal
function. |Its conposition may be different fromthat of
the projected powder particles, and it may thus have a
different nelting tenperature.

These net hods include in particular projection by
| aser or "direct netal deposition"” (DMD), “selective
| ayer nelting” (SLM, and “el ectron beamnelting” (EBM.

The operation of the DVD nethod is expl ai ned bel ow
with reference to Figures 2, 4, and 5.

A first layer 10 of material is forned, under |ocal
protection or within an enclosure at a regul ated high or
| ow pressure of inert gas, by projecting powder particles
t hrough a nozzle 190 onto the naterial on a support 80.
Si mul t aneously with projecting particles 60 of powder,
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the nozzle 190 emts a | aser beam 95 com ng froma
generator 90. The first orifice 191 of the nozzle 190

t hrough which the powder is projected onto the support 80
is coaxial around the second orifice 192 through which
the | aser beam 95 is emtted, such that the powder is
projected into the | aser beam 95. The powder forns a
cone of particles, the cone being hollow and presenting a
certain thickness (powder beam 94 in Figure 4), and the

| aser beam 95 i s coni cal

The working plane P is defined as being the plane
containing the surface on which the |ayer is being built
and/ or for ned.

In order to build the first layer, this surface is
the top (free) face S, of the support 80. In order to
build the [n+1]th layer, this surface is the top (free)
face of the [n]th layer (with integer n, nx1).

The | aser beam 95 forns a pool 102 on the support 80
by nelting the region of the support 80 that is exposed
to the |l aser beam The powder feeds the pool 102 in
which it arrives already in the nolten state, the powder
being nelted on its path in the |laser beamprior to
reachi ng t he pool.

Al ternatively, and by way of exanple, the nozzle 190
and the focal point of the |aser may be adjusted and/or
positioned in such a manner that the powder of given size
di stribution does not pass sufficient time in the |aser
beam 95 for all of its particles of different sizes to
nmelt conpletely, so that they nelt on reaching the poo
102 that has previously been formed on the surface of the
support 80 by nelting the region of the support 80 that
is exposed to the | aser beam 95.

The working distance WD i s defined as being the
di stance between the nozzle 190 and the working plane P

Over the working distance WD under considerati on,
the powder may |i kew se not be nelted by the | aser beam
95 or it may nelt in part only because the sizes of sone
or all of the particles making up the powder are too
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great for themto be nelted. As can be seen in Figure 3,
the smaller the nean dianeter D, of the powder particles,
the greater the speed with which they heat up, but the
shorter the tine they are maintained at the nelting
tenperature and the faster their cooling. Furthernore,
Figure 3 shows that the narrower the distribution of
sizes, the greater the extent to which all of the
particles of the powder are nolten when they reach the
pool for a given working configuration.

Under all circunstances, the powder particles are
heat ed by passing through the |aser beam 95 prior to
feedi ng t he pool .

Wiile the | aser beam 95 (or the support 80) noves
downstream the pool 102 is maintained and solidifies
progressively to forma fillet of solidified material 105
on the support 80. The process is continued so as to
formanother solidified fillet on the support 80, this
other fillet being juxtaposed with the first fillet, for
exanple. Thus, by noving the nozzle 190 or the support
80 in a plane parallel to the above-nentioned worki ng
plane P, a first layer 10 of material is deposited on the
support 80, which layer forns by solidifying a first
elenent 15 in a single piece of shape that conplies with
the shape defined in the CADMfile.

Thereafter, the nozzle 190 and the | aser beam 95 are
caused to performa second scan together so as to formin
simlar manner a second |layer 20 of material on top of
the first element 15. This second |layer 20 fornms a
second consol i dated el enent 25, and together these two
el ements 15 and 25 form a singl e-piece block. The pools
102 formed on the first elenment 15 during building of the
second | ayer 20 generally conprise at |east a portion of
the first elenment 15 that has nelted by being exposed to
the | aser beam 95, together with the particles of the
powder feeding the pools 102.

Consi deration is given to a reference frane
constituted by the vertical axis Z, perpendicular to the
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top surface S, of the support, and by the surface S, of
the support. This reference frane is tied to the support
80, or nore exactly to the part being built for which the
reference plane P is defined by the surface S, of the
support while depositing the first |layer of material, or
by the top surface of the nost recently deposited | ayer.

For a layer in general, the working plane P is not
necessarily parallel to the surface S,. The axis Z
defined as being perpendicular to the working plane P is
t hus not necessarily parallel to the axis Z,.

Bet ween two successive |layers, the nozzle noves
along the axis Z by a value AZ that is theoretically
equal to the height of material H,, that has actually
been deposited and that should be constant (independently
of the path of the nozzle) and that is sufficiently |arge
when building is optim zed and stable (Figures 4 and 5).
Figure 5 is a cross-section of the liquid pool formed in
part in the support, and it shows the shape of the pool.

The surface S, of the support 80 is the plane at
hei ght zero. Thus, while building the first |ayer, a
pl ane parallel to S, and having a portion contained in the
support or bel ow the support (relative to the axis Z;) is
at negative height, and a plane parallel to S, with a
portion above the surface S, of the support (relative to
the axis Z;) is at positive height.

A given working plane P relating to building an [n]th
| ayer i s above anot her working plane attached to a | ower
layer if it has a height that is positive, greater than
t he hei ght of that other plane.

In this reference frame tied to the support 80 and
to the part, the second layer 20 is constructed on a
wor ki ng plane P that is situated above the working plane
of the first layer 10, these two pl anes bei ng spaced
apart by a distance AZ neasured along the axis Z
per pendi cul ar to the working plane P

In general, the working plane of a higher |ayer need
not be parallel to the working plane of the preceding
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| oner layer, in which the axis Z of the higher layer is
at a non-zero angle relative to the axis Z of the working
pl ane of the | ower |layer, and the distance AZ nmeasured
along the latter axis Z above each point of the |ower

| ayer is a mean val ue.

This process of preparing the part |ayer by layer is
t hen conti nued by addi ng additional |ayers over the
assenbly that has al ready been forned.

Figure 4, which shows the prior art, shows in
greater detail the configuration of the |aser beam 95 and
of the powder beam 94. The | aser beam 95 | eaves the
nozzle 190 diverging at an angle 2B fromits focal point
F. (situated in the bottom portion of the nozzle 190) and
it illumnates a region of the support 80, contributing
to creating a pool 102 therein.

The powder beam 94 | eaves the nozzle 190 while
converging at an angle 25 towards its focal point Fp,
which lies inside the | aser beam 95 and i medi ately over
(or above) the surface of the support 80 (working plane
P), in such a manner that the powder particles 60 spend a
maxi mum |l ength of tinme in the |laser beam 95 in order to
be heated. The advantage of a | arge anount of
interaction between the |aser and the powder upstream
fromthe pool is to generate both a high deposition rate
and low dilution as are frequently desired when buil ding
up the surfaces of worn parts in order to repair them and
when depositing hard coati ngs.

The theoretical efficiency of nelting is defined as
being the ratio of the diameter &, of the |aser beam 95
di vided by the dianeter &, of the powder beam 94, these
two dianeters being determned in the working plane P

Alternatively, dianmeter &, may be replaced by the
diameter of the liquid pool Oy (see Figure 4) in order
to evaluate the efficiency, which depends anobngst ot her
things on the sel ected paranmeter settings, in particular
t he | aser power P, the scanning speed of the |aser beam
V, and the mass flow rate D, of powder.
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The | aser dianeter at its focal point (i.e. &) is
often nuch smaller than the dianeter Jy, of the powder
beam at the powder focal point so the working
configuration in the prior art logically requires the
| aser beamto be unfocused (its focal point F_lies above
t he working plane P) for a powder beamthat is focused
(its focal point F, is situated on the working plane P)
or a powder beamthat is unfocused with its focal point Fp
| yi ng above the working plane P and bel ow t he | aser focal
point F, since otherw se the structure being built wll
be unstable and there is no guarantee of acceptable
melting efficiency. As nmentioned above, in general, the
| aser beam di aneter &, nmeasured in the plane P does not
correspond to the liquid pool dianeter Jg which is
approxi mately equal to the width (witten e,,) of the
fillet after solidification (Figures 4 and 5).

This dianeter Jg of the liquid pool is assuned to
be a function of ¢, and thus of &, and also of the
settings defined by the triplet (P, V, D) and also the
size D, of the various powder particles and their speeds
V,, in addition to depending on their therno-physical
properti es.

During the process of building the part |ayer by
| ayer, the nozzle 190 noves in particular vertically, and
whi | e keepi ng constant the di stance between the points F_
and F, (i.e. Defoc -Defocp=constant) where Defoc, and
Def ocp represent respectively the |aser defocus and the
powder defocus defined as foll ows:

Defoc, = {distance fromF_ to the working plane P}
and

Def ocp, = {distance fromF, to the working plane P}
as can be seen in Figure 4.

Thus, the focal point F, of the powder beam 94
remai ns inside the |aser beam 95 and i mredi ately over (or
above) the surface of the previously constructed | ayer
(wor ki ng pl ane P)
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There is thus a defocused | aser beam (Defoc, >0) and a
def ocused powder beam (Defocp=0) on the plane P or
def ocused (Defocp>0) above the plane P, and the two angl es
2B and 26 need to be configured in such a manner that
firstly the working distance WD between the outlet from
the nozzle and the plane P is |arge enough to avoid
damagi ng the bottom of the nozzle by radiation fromthe
pool, and secondly to ensure that the aperture of the
| aser beam at the outlet fromthe nozzle remains |ess
than the dianeter of the inside cone.

Movi ng the support 80 or scanning the assenbly
conprising the nozzle 190 and the | aser beam 95 nmakes it
possi ble to give each | ayer a shape that is independent
of the adjacent layers. The |Iower layers of the part are
anneal ed and they cool progressively as the higher |ayers
of the part are forned.

Neverthel ess, there exists a need to inprove the
melting mass efficiency R, (i.e. the ratio of the quantity
of material formng the finished part to the quantity of
material that is projected by the nozzle in order to form
the part), the recycled powder mass efficiency (.. (i.e€.
the ratio of the quantity of norphol ogically intact
powder and aggl onerates, e.g. as obtained after
screening, to the quantity of material that is
projected), the stability of the pool formed at the
surface of the part, and the material soundness of the
fabricated part, for a given non-exhaustive set of
parameter settings (size distribution D, for the powder
particles, nature of the powder material, powder nass
flowrate D, travel speed V of the assenbly conprising
t he nozzle and the | aser beam power P, supplied by the
| aser, distribution of power density on the working plane
P, type of |aser source (solid or gas), node (pulsed or
continuous), coaxial nozzle, nature of the gas carrying
t he powder particles and its flowrate D nature of the

gp
protective gas crossing the axis of the nozzle and its
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flow rate Dy, the angles 2B and 25, and also the above-
defined dianeters &, and Jp,, etc.).

The invention seeks to propose a nethod and nore
particularly a working configuration that are optim zed
(defined by: Defoc,, Defocp, WD) for the DVD net hod
serving firstly to inprove the stability of the pool and
secondly to inprove the nelting mass efficiency, the
recycl ed powder nmass efficiency, the material soundness,
and the building speed (maxim zing the Z rise increnent
of the nozzle, witten AZ).

This object is achieved by the fact that the powder
particles reach each pool at a tenperature that is cold
relative to the tenperature of the pool

By neans of these provisions, the mass efficiency n,
of the nmethod defined as the sumof the nelting mass
efficiency (R,) plus the recycled powder efficiency (G gcy)
is greater than the nass efficiency of the nmethod when
t he powder particles reach the pool hot or even partially
or totally nelted. 1In addition, on reaching the pool,

t he powder particles serve to reduce the tenperature of
the liquid pool Tg (because they are nmuch col der than the
pool, the particles being substantially at anbient
tenperature prior to penetrating into the pool), while

i ncreasing the volunme of the pool and in particular its
vol une above the plane P w thout increasing the width and
t he height of the diluted zone (volunme of the pool that
lies below the plane P). This |eads inevitably to a
rapid increase in the surface tension between the liquid
surface and the vapor of the pool, and consequently gives
rise to better stability of the pool.

Furt hernore, encouraging a |arge anmount of dilution
in this way in each deposited |ayer serves to mnimze
fabrication defects.

Advant ageously, the high energy beam focal point F
is situated above the working plane P or in this plane,
and the powder beam focal point F, is situated bel ow the
wor ki ng plane P, such that the powder particles do not at
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any time cross the high energy beam between the outl et
fromthe nozzle and the working plane P. |In particular,
t he powder beam focal point F, may be situated within the
support, in particular when depositing the initial

| ayers. After a certain nunber of |ayers have been
deposi ted, the powder beam focal point F, may be situated
wi thin previously deposited | ayers.

Thus, the mpjority of powder particles are cold when
t hey reach the pool previously fornmed on the already-
built portion of the part.

These particles then penetrate into a pool that is
wi de enough (Jg>Jp) and deep enough (Hi>H,,,: see
definitions above given with reference to Figure 5) to
i ngest a maxi mum quantity and a maxi mum fraction of al
of the particles projected by the nozzle during the
| aser/pool interaction tine, as defined by the ratio of
&, over V.

Furthernore, since the remaining powder particles
are intact, unheated by the high energy beam they are
entirely suitable for recycling.

Furthernore, the power beam and the high energy beam

may be substantially coaxial, i.e. their axes may form
bet ween them an angle of |ess than 30°, preferably |ess
than 20°, nore preferably less than 10°, still nore

preferably | ess than 5°. The high energy beam can thus
easily follow the powder beam during fabrication of parts
that are conplex in shape. It is much nore difficult to
track the shape of the part for fabricating when
projection or nelting is offset, i.e. when the powder
beam and t he high energy beam are not substantially
coaxi al .

The invention can be well understood and its
advant ages appear better on reading the foll ow ng
detail ed description of an inplenentation given by way of
non-limting exanple. The description refers to the
acconpanyi ng draw ngs, in which:
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Figure 1 is a diagram showi ng one possibility for
positioning the high energy beam and the powder beamin
t he met hod of the invention;

Figure 2, described above, is a diagramfor
explaining the prior art nethod and shows the device for
t he DVD net hod;

Figure 3, described above, shows the effect of the
di ameter D, of the particles of Ti-6Al -4V powder on their
tenperature at the outlet fromthe nozzl e when they reach
the liquid pool;

Figure 4, described above, is a diagram show ng
t he positioning of the high energy beam and of the powder
beamin the prior art nethod; and

Figure 5, described above, is a diagrammtic
cross-section of the liquid pool forned in the support.

In the invention, the powder particles are cold when
they reach the pool formed at the surface of the
precedi ng layer (or of the support). The term "cold"
means that the tenperature of the particles is much | ower
than the tenperature of the pool. Prior to penetrating
into the pool, the tenperature of the particles is
substantially equal to anbient tenperature, e.g. being
about 20°C.

I n conparison, the tenperature of the liquid pool Tg
i s higher than the nelting tenperature T of the material
constituting the powder, but [ower than the boiling
tenperature T,,, of that material. This nelting
tenperature i s higher than 550°C for al um num all oys,
hi gher than 1300°C for nickel -based alloys, higher than
1450°C for steels, and higher than 1550°C for titani um
al | oys.

Figure 1 shows an inplenentation of the invention
t hat enabl es powder particles to be cold when they reach
the pool formed in the surface of the preceding | ayer (or
of the support). Such an inplenmentation also presents
t he advantage of nmaking it easier to view the pool on the
axis e.g. by nmeans of a charge-coupl ed device (CCD)
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canera so as to nonitor the method on line, which is
useful for industrializing the nethod.

Figure 1 is a section view of a support 80 together
with a first layer 10 of material that has al ready been
deposited on the support 80. A second layer 20 is then
deposited on the first layer 10. A fillet 105 of the
second layer 20 is shown while it is being built, with
the fillet 105 advancing fromleft to right, and from
upstreamto downstream (the forward travel direction of
the fillet 105, or in equivalent manner of the liquid
pool 102). The pool 102 is thus situated i mredi ately
downstream fromthe fillet 105 under the nozzle 190 from
whi ch there energe the | aser beam 95 and t he powder beam
94. The top surface of the first layer 10 then
constitutes the working plane P relative to the second
| ayer that is being built and fromwhich the foll ow ng
are nmeasured: the |aser defocus distance Defoc,, the
powder defocus distance Defocp, the working di stance WD,
the dianmeter &, of the |aser beam and the dianmeter O, of
t he powder beam

Si mul t aneously with projecting powder particles 60,
the nozzle 190 emts a | aser beam 95 com ng froma
generator 90. The first orifice 191 of the nozzle 190
t hrough which the powder is projected onto the support 80
is coaxial with the second orifice 192 through which the
| aser beam 95 is enmtted, such that the powder is
projected in the | aser beam 95. The powder fornms a cone
of particles, this hollow cone presenting a certain
t hi ckness (powder beam 94), and the | aser beamis
coni cal .

In the invention, the nozzle 190 is configured and
positioned in such a manner that the focal point F_ of the
hi gh energy beam 95 is situated above the working plane P
or in that plane, and the focal point F, of the powder
beam 94 is situated beneath the working plane P, such
that the powder particles 60 do not at any tine cross the
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hi gh energy beam between the outlet fromthe nozzle and
t he wor ki ng pl ane P.

In an inplenmentation other than that shown in
Figure 1, the focal point F, of the powder beammay lie
wi thin the support. Under such circunstances, the powder
def ocus distance Defocp is smaller than that shown in
Figure 1. As a result, the dianmeter &, of the |aser beam
in the plane Pis closer to the dianeter &, of the powder
beamin the plane P, for given paraneter settings (P, V,
D, -

By way of exanple, the dianeter &, of the |aser beam
in the plane Pis slightly less than the dianeter <, of
t he powder beamin the plane P

As shown in Figure 1, such a configuration is
obt ai ned by noving the nozzle 190 closer to the working
plane P relative to the prior art configuration
(Figure 4), i.e. by reducing the working distance WD.

Such a working configuration is particularly adapted
to making wide fillets 105, i.e. fillets 105 of width
that is greater than the dianmeter &, of the high energy
beam 95 at the | aser focal point.

The dianmeter of the liquid pool Jg is then greater
and nore cold powder particles reach the liquid pool 102,
whi ch is beneficial as expl ai ned above.

The focal point F_ of the high energy beam (95) may
alternatively be situated in the working plane P, which
is preferable when making fine fillets of smaller w dth.
Under such circunstances, the focal point Fp of the powder
beam 94 may be situated in the working plane P. The
focal point F, of the powder beam 94 may al so be situated
bel ow t he worki ng plane P

In order to optim ze the nmethod of the invention, it
is possible to adapt certain parameter settings
accordingly, in particular the | aser power P, the
scanni ng speed V, and/or the powder nass flow rate D,

Neverthel ess, in the inplenentation shown in
Figure 1, it nay be necessary to provide (additional)
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cooling of the nozzle 190 since the nozzle 190 is heated
by radiation due to its proximty to the liquid pool 102.
Such cooling requires a device that is expensive.

In order to mtigate this problem and thus conserve
a working distance WD (di stance of the nozzle fromthe
pool) that is sufficient, while avoiding the powder beam
crossing the high energy beam the inventors have devised
an i nplenmentation that consists advantageously either in
reduci ng the di stance Defoc,, or in reducing the
di vergence half-angle B of the | aser beam 95 relative to
the axis Z, which anounts either way to reducing &, so as
to ensure that it is smaller than .

Al'ternatively, the distance Defocp, of the powder beam
94 is increased in order to conpensate for the reduction
in Js when increasing WO, thereby keeping &, greater than
.

This reduction in the distance Defoc, and in the
angle B, and this increase in the distance Defoc, may be
performed jointly.

These variations in these three variables may be
performed i ndependently or in addition to increasing the
wor ki ng di stance WD. In practice, the nozzle 190 is thus
configured and positioned in such a manner that the
powder particles 60 reach the working plane P imredi ately
outside the zone of the working plane P that is covered
by the | aser beam 95.

Thus, given that the |iquid pool 102 extends by
conduction a little beyond that zone, the majority of the
powder particles 60 drop into the pool 102 without
interacting with the |aser beam 95. The powder particles
60 are thus still cold before they penetrate into the
pool 102. An advantage of this absence of interaction
bet ween the | aser and the powder upstream fromthe pool
102 is to avoid any change of shape, to avoid
aggl onerates formng, and to avoid harnful oxidation of
t he powder particles 60.
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Thi s expl ains why tests undertaken by the inventors
show that the nelting mass efficiency R,in the nmethod of
the invention is higher than the nelting nmass efficiency
when the powders reach the pool while hot, or indeed
while partially or conpletely nelted.

Furthernore, the pool 102 is thermally nore stable
since the powder particles 60 cool the pool 102 quickly
(thereby increasing the surface tension between the
liquid and the vapor of the pool, and very certainly
| eading to changes in convection novenents within the
pool as a result of variation in the density of the
liquid by adding "col d* powders and by changi ng the
tenperature gradient within the pool).

An addi tional advantage of the nethod of the
invention is that the powder particles 60 that have not
participated in formng the liquid pool (since they drop
out si de the pool 102) remain cold and are thus al nost al
suitable for recycling. The total mass efficiency of the
(melting + recycling) nethod of the invention is thus
i ndeed greater than the total mass efficiency of the
prior art method.

Advant ageously, for greater stability of the pool
102 and for better material soundness once a steady
tenperature regi me has been established |ocally around
the pool in the part being built, the pool has an obl ong
shape defined by 6<90°, H,,/e,,,<1, and Hy/ H;,>20.6, where
6 is the angle made by the top surface of the pool 102
with the working plane P, H,, is the apparent height of
the fillet (portion of the bath 102 above the working
plane P), e,, is its width, and Hy is the height of the
remelted zone or diluted zone (portion of the pool bel ow
t he worki ng plane P) (see Figure 5).

Preferably, the three quantities 0, Hy/e
He/ Hypp satisfy the follow ng relationships:

15°<0<60°, 0. 04<H,,/ €,,,<0.75, and 1<H,/H,,,<6.

appr and
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When material is being built up on a part for repair
pur poses, these quantities preferably satisfy the
foll owi ng rel ati onshi ps:

30°<6<60°, 0.15<H,,/e,,,<0.25, and 0.01<H,/H,,<0.025.

Advant ageously, the size distribution of powder
particles 60 is narrow (which corresponds to particles
all having substantially the same size, which size is
appropriate for the tenperature and the volune of the
liquid pool so as to be nolten at all tines throughout
the duration of laser/pool interaction). Under such
ci rcunst ances, the probability is high that all of the
powder particles 60 have sufficient tine to nmelt in the
pool 102 before the | aser beam 95 has noved on (and thus
ceased to heat the pool 102). The nmethod consisting in
feeding the pool with powder particles that are cold and
that have a size distribution that is narrowis then nore
effective in terns of stability and build speed since the
tenperature of the pool decreases nore quickly and the
apparent height of the fillet becones greater. This
apparent height increases with finer particles since the
tenperature of the pool decreases progressively and
remai ns constant (solidification threshold reached) as
the particles penetrate into the pool 102.

For exanple, the powder particles 60 present sizes
lying in the range 25 mcroneters (pm to 75 pum
Preferably, these sizes lie in the range 25 pmto 45 pum

In the prior art nethod, a wi der distribution of
powder particles 60 is nmore harnful. In the presence of
i nteraction between the | aser and the powder, powder
particles 60 of different sizes reaching the pool at
different tenperatures |eads to the tenperature of the
pool fluctuating, and runs the risk of making the pool
unst abl e.

Advant ageously, the positioning of the nozzle 190,
i.e. the working distance WD, is servo-controlled to
spatial variations of the working plane P (variations in
the consolidated material height H,, of a layer of the
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part to be built, while the raising increment AZ up the Z
axis of the nozzle 190 is kept constant by
preprogranm ng) such that, for each layer, the foca
point F_ of the |aser beam 95 is situated at the sane
hei ght above the working plane P, and the focal point Fp
of the powder beam 94 is situated at the sane hei ght
bel ow t he worki ng plane P

Al ternatively, the increnent AZ may be servo-
controlled to the variations in the consolidated materi al
hei ght H,,, of a |ayer.

Such servo-control is performed by using a process
control program of known type, that does not need to be
descri bed herein.
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CLAI M5
1. A nethod of fabricating a part, the method conpri sing
the foll owi ng steps:

a) supplying a material in the form of powder
particles (60) form ng a powler beam (94);

b) heating a first quantity of said powder to a
tenperature higher than the nelting tenperature T of the
powder with the help of a high energy beam (95), and
form ng, at the surface of a support (80), a first pool
conprising this nelted powder and a portion of the
support (80);

c) heating a second quantity of said powder to a
tenperature higher than its nmelting tenperature T with
the hel p of said high energy beam (95), and form ng, at
the surface of the support (80), a second pool conprising
this nmelted powder and a portion of the support (80)
downstream fromthe first pool

d) repeating step c) until a first layer (10) of
said part is forned on said support (80);

e) heating an [n]th quantity of said powder to a
tenperature higher than its nmelting tenperature T with
the help of a high energy beam (95), and formi ng an [n]tF
pool conprising in part this nelted powder above a
portion of said first layer (10);

f) heating an [n+1]th quantity of said powder to a
tenperature higher than its nmelting tenperature T with
the hel p of said high energy beam (95), and form ng an
[ n+1] th pool conprising in part this nelted powder
downstream from said [n]th pool above a portion of said
first layer (10);

g) repeating step f) so as to forma second | ayer
(20) of said part above said first layer (10); and

h) repeating steps e) to g) for each |ayer situated
above an al ready-formed |layer until said part is
substantially in its final shape;

sai d net hod being characterized in that the powder
beam (94) and the high energy beam (95) are substantially



10

15

20

25

30

35

19

coaxial and in that the powder particles (60) reach each
of the pools at a tenperature that is cold relative to
the tenperature of said pool.

2. A nethod of fabricating a part according to claiml1,
characterized in that the focal point F_of the high
energy beam (95) is situated above the working plane P or
in said plane, and the focal point F, of the powder beam
(94) is situated beneath the working plane P, such that
powder particles do not at any tine cross the high energy
beam (95) between the outlet froma nozzle (190) and the
wor ki ng plane P, the working plane P being defined as the
pl ane containing the surface on which said |ayers are
bei ng forned.

3. A nethod of fabricating a part according to claim 2,
characterized in that in order to obtain the focal point
F, of the high energy beam (95) and the focal point F, of
t he powder beam (94) in accordance with claim?2, the

def ocus di stance Defoc, of the powder beam (94) is

i ncreased, and/or the divergence half-angle B of the

| aser beam (95) relative to the perpendicular to said
wor ki ng plane P is decreased, or the defocus distance
Def oc, of the high energy |aser beam (95) is decreased.

4. A method of fabricating a part according to any one of
clainms 1 to 3, characterized in that the size
di stribution of the powder particles (60) is narrow.

5. A nethod of fabricating a part according to any one of
claims 1 to 4, characterized in that each of said pools
has a shape defined by 0<90°, H,/e,,,<1, and H; H,,,>0. 6,
where 0 designates the angle between the top surface of
sai d pool and said working plane P, H,,, designates the
apparent height of the fillet, e, designates its width,
and H,; designates the height of the renelted zone.
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6. A nethod of fabricating a part according to claim 5,
characterized in that the three quantities 0, H,/e,,,
and Hp/ H,,, satisfy the follow ng rel ationships:

15°<0<60°, 0. 04<H,,/ €,,,<0.75, and 1<H,/H,,,<6.



