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ADDITIVE MANUFACTURING METHOD AND APPARATUS

TECHNICAL FIELD
[0001] The present invention relates to a method for forming a three-dimensional article
according to the precamble of claim 1 and to an apparatus for forming a three-dimensional

article according to the preamble of claim 11.

BACKGROUND OF THE INVENTION

[0002] Freeform fabrication or additive manufacturing is a method for forming three-
dimensional articles through successive fusion of chosen parts of powder layers applied to a
worktable. A method and apparatus according to this technique is disclosed in US
2009/0152771.

[0003] Such an apparatus may comprise a start plate on which said three-dimensional
article is to be formed, a powder dispenser, arranged to lay down a thin layer of powder
on the start plate for the formation of a powder bed, a ray gun for delivering energy to the
powder whereby fusion of the powder takes place, elements for control of the ray given
off by the ray gun over said powder bed for the formation of a cross section of said three-
dimensional article through fusion of parts of said powder bed, and a controlling
computer, in which information is stored concerning consecutive cross sections of the
three-dimensional article. A three-dimensional article is formed through consecutive
fusions of consecutively formed cross sections of powder layers, successively laid down
by the powder dispenser.

[0004] In US 2009/0152771 it is provided a camera for capturing an Infrared-radiation
image, more particularly this camera is used for detecting irregularities in a newly applied
powder layer. The irregularities may, according to US 2009/0152771, be caused by
irregular applying of the powder on the working table or contamination in the powder
dispenser or impurities in the powder as such. There is a need in the art for a method and
apparatus in which the cause for irregular powder distribution may be detected for future

repair in the additive manufacturing system.
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BRIEF SUMMARY

[0005] An object of the invention is to provide a method and apparatus which solve the
above mentioned need in the art.

[0006] The abovementioned object is achieved by the features in the method according to
claim | and the apparatus according to claim 11.

[0007] In a first aspect of the invention it is provided a method for forming a three-
dimensional article through successive fusion of parts of a powder bed, which parts
corresponds to successive cross sections of the three-dimensional article, said method
comprising the steps of: (a) providing a predetermined amount of powder for forming a
first powder layer on a surface, (b) distributing said predetermined amount of powder for
forming said first powder layer on said surface, (¢) directing an energy beam over said
first powder layer causing said first powder layer to fuse in sclected locations according
to a model to form a first cross section of said three-dimensional article, (d) capturing at
least one image of the powder to be distributed with a camera at least one time during
said distribution of said powder on said surface for forming said first powder layer, and (¢)
comparing at least onc value of at least one parameter in said image detected by said
camera with a corresponding reference parameter value.

[0008] An advantage of this embodiment is that an indication of an error in the build may
be given already in the powder distribution phase. A message may be sent to the operator
that the powder distribution may be incorrect and/or said position of the powder distributor
and the number of the layer in which this happened may be stored in a control unit.

[0009] In one example embodiment of the present invention said predetermined amount of
powder for forming a second powder layer on top of said first powder layer which is fused
in selected locations may change if at least one parameter value in said image is deviating at
least one A-value from a corresponding reference parameter value.

[0010] An advantage of this embodiment is that there may be a feed back to a powder
provision mechanism in which the amount of powder is changed during building the article.
Increasing the powder amount if there is an indication of too less powder during the powder
distribution process and decreasing the powder amount if there is an indication that there is

too much powder which is distributed over the start plate for forming a powder layer.
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[0011] In another example embodiment according to the present invention a second
predetermined amount of powder is provided for forming said first powder layer a second
time and distributing said second predetermined amount of powder for forming said first
powder layer said second time if at least one parameter value in said image is at least one A-
value smaller than a corresponding reference parameter value when forming said first powder
layer said first time.

[0012] An advantage of this embodiment is that any failure in the powder application
mechanism may be corrected before starting to fuse the powder layer and thereby creating
defects in the three-dimensional article because of a non-homogenous powder layer.

[0013] In another example embodiment of the present invention said parameter in said
image may be one of the group of: shape of powder in front of a powder distributor; distance
of powder front to a reference position; width of powder front and/or position of powder
front.

[0014] An advantage of this embodiment is that a number of different parameters may be
used in order to check the powder distribution process and the resulting powder layer that
comes from this distribution process. Deviations from a predetermined reference value of
anyone of said parameters may be an indication of an erroneous powder layer. In such a case
onc may start a second powder application process for such a layer, i.c., the erroncous
powder layer may immediately started to be repaired before the powder layer is fused in
selected locations.

[0015] In another aspect of the invention it is provided an apparatus for forming a three-
dimensional article through successive fusion of parts of a powder bed, which parts
corresponds to successive cross sections of the three-dimensional article, said apparatus
comprising: (a) means for providing a predetermined amount of powder for forming a
first powder layer on a surface, (b) a powder distributor for distributing said
predetermined amount of powder for forming said first powder layer, (c) means for
directing an energy beam over said first powder layer causing said first powder layer to
fuse in selected locations according to a model to form a first cross section of said three-
dimensional article, (d) a camera for capturing at least onc image of the powder to be
distributed at least one time during said distribution of said powder on said surface for

forming said first powder layer, and (¢) means for comparing at least one value of at least
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one parameter in said image detected by said camera with a corresponding reference
parameter value.

[0016] Further example embodiment of the apparatus is evident from the description,
figures and dependent claims. The advantage of the different embodiments of the
apparatus is similar to the advantage of the corresponding method and need therefore not

to be repeated in this context.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0017] The invention will be further described in the following, in a non-limiting way
with reference to the accompanying drawings. Same characters of reference are employed
to indicate corresponding similar parts throughout the several figures of the drawings:
[0018] Fig. 1 depicts a top view camera image of a powder distribution process;
[0019] Fig. 2 depicts a side view of a part of an example embodiment of an additive
manufacturing apparatus according to the present invention;
[0020] Fig. 3 depicts schematic side view of an example embodiment of an additive
manufacturing apparatus according to the present invention;
[0021] Fig. 4a depicts a flow chart of a first example embodiment of the method
according to the present invention;
[0022] Fig. 4b depicts a flow chart of a second example embodiment of the method
according to the present invention;
[0023] Fig. 4c depicts a flow chart of a third example embodiment of the method
according to the present invention;
[0024] Fig. 5 depicts a side view of an alternative powder distribution process;
[0025] Fig. 6 depicts a side view of an alternative powder distribution process according
to prior art; and

[0026] Fig. 7 depicts alternative parameter values taken from a single image.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS
[0027] To facilitate the understanding of this invention, a number of terms are defined

below. Terms defined herein have meanings as commonly understood by a person of
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(1P (13

ordinary skill in the arecas relevant to the present invention. Terms such as “a”, “an” and
“the” are not intended to refer to only a singular entity, but include the general class of
which a specific example may be used for illustration. The terminology herein is used to
describe specific embodiments of the invention, but their usage does not delimit the
invention, except as outlined in the claims.

[0028] The term “three-dimensional structures” and the like as used herein refer generally
to intended or actually fabricated three-dimensional configurations (e.g. of structural
material or materials) that are intended to be used for a particular purpose. Such structures,
etc. may, for example, be designed with the aid of a three-dimensional CAD system.

[0029] The term “clectron beam” as used herein in various embodiments refers to any
charged particle beam. The source of a charged particle beam can include an electron gun, a
linear accelerator and so on.

[0030] Figure 2 depicts side view of a part of an additive manufacturing apparatus
according to the present invention, and figure 3 depicts a schematic side view of a freeform
fabrication or additive manufacturing apparatus 300 according to of the present invention.
Said apparatus 300 comprising an clectron gun 302; a camera 304, 260; powder hoppers
208,306, 307; a start plate 316; a build tank 312, 240; a powder distributor 310, 202; a
powder table 230, 340; a build platform 314, 206; a vacuum chamber 320 and a control unit
270, 370.

[0031] The vacuum chamber 320 is capable of maintaining a vacuum environment by
means of a vacuum system, which system may comprise a turbo molecular pump, a scroll
pump, an ion pump and one or more valves which are well known to a skilled person in the
art and therefore need no further explanation in this context. The vacuum system may be
controlled by a control unit 270, 370.

[0032] The electron gun 302 is generating an electron beam which is used for melting or
fusing together powder material 318 provided on the start plate 316. At least a portion of the
clectron gun 302 may be provided in the vacuum chamber 320. A control unit 270, 370 may
be used for controlling and managing the electron beam emitted from the electron beam gun
302. At least one focusing coil (not shown), at least one deflection coil and an electron beam
power supply may be clectrically connected to said control unit 270, 370. In an example

embodiment of the invention said electron gun generates a focusable electron beam with an
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accelerating voltage of about 60kV and with a beam power in the range of 0-3kW. The
pressure in the vacuum chamber may be in the range of 107°-10° mBar when building the
three-dimensional article by fusing the powder layer by layer with the energy beam.

[0033] Instead of melting the powder material with an electron beam a laser beam may be
used.

[0034] The powder hoppers 306, 307 comprise the powder material to be provided on the
start plate 316 in the build tank 312. The powder material may for instance be pure metals or
metal alloys such as titanium, titanium alloys, aluminum, aluminum alloys, stainless steel,
Co-Cr-W alloy, etc.

[0035] The powder distributor 310 is arranged to lay down a thin layer of the powder
material on the start plate 316. During a work cycle the build platform 314 will be lowered
successively in relation to the ray gun after each added layer of powder material. In order to
make this movement possible, the build platform 314, 206 is in one embodiment of the
invention arranged movably in vertical direction, i.e., in the direction indicated by arrow P.
This means that the build platform 314, 206 starts in an initial position, in which a first
powder material layer of necessary thickness has been laid down on said start plate 316. A
first layer of powder material may be thicker than the other applied layers. The reason for
starting with a first layer which is thicker than the other layers is that one does not want a
melt-through of the first layer onto the start plate. The build platform is thereafter lowered in
connection with laying down a new powder material layer for the formation of a new cross
section of a three-dimensional article. Means for lowering the build platform 314, 206 may
for instance be through a servo engine equipped with a gear, adjusting screws ctc.

[0036] In an example embodiment said start plate 316 may be said build platform 314, 206.
In such case said build platform 314, 206 is removable from the build tank 312.

[0037] In an example embodiment of a method, a three-dimensional article may be formed
through successive fusion of parts of a powder bed, which parts corresponds to
successive cross sections of the three-dimensional article, comprising a step of providing
amodel of said three dimensional article. Said model may be generated via a CAD
(Computer Aided Design) tool.

[0038] A predetermined amount of powder may be provided at a powder table 230, 340
denoted by step 402 in figure 4a. Said predetermined amount of powder is in the
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illustrated example embodiment provided on said powder table 230, 340 by mecans of a
powder hopper 306, 307, 208 provided with an opening at the bottom end which is
creating a screen of powder 220 on said powder table 230.

[0039] Instead of providing the powder from said powder hopper on said powder table an
arrangement according to figure 5 may be used. In figure 5 a powder container 360 with a
movable floor us used for providing a predetermined amount of powder. The movable
floor may be moved in a vertical direction indicated by the arrow 368 in figure 5. The
build tank for building the 3-dimensional article is arranged beside said powder
container. I predetermined amount of powder is provided by increasing the height of the
floor in said powder container thereby lifting a predetermined amount of powder from said
powder container. A powder distributor 202 may thercafter rake said powder which
is lifted up from the powder container and distribute said powder on said build platform
314.The amount of powder to be distributed from said powder container may casily be
changed by changing the distance said floor is lifted up from said powder container. A
control computer 270 may be controlling the lifting of said floor 362 in said powder
container 360, which may be with a motor connected to a shaft 366 which may in turn
connected to said floor 362. Said control computer may also control the lowering of said
build platform 314 in said build tank 312.

[0040] A first powder layer may be provided on the start plate 316. In an example
embodiment the first powder layer is provided on a surface which may be a start plate or
a powder bed.

[0041] In a first example embodiment powder may be collected by a powder distributor
or a rake 202, 310 by moving the rake 202, 310 with its first surface 290 a predetermined
distance in a first direction into the scree of powder 220 allowing a predetermined
amount of powder to fall over a top of said rake 202. The rake 202 is then moved in a
second direction, opposite to said first direction, and thereby removing said
predetermined amount of powder which has fallen over the top of said rake 202, 310
from said scree of powder with a second surface 291 of said rake 202, 310.

[0042] In an alternative method said powder to be distributed over said start plate 316
may be collected from a powder container 360 with a movable bottom as described in

connection with figure 5 above.
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[0043] The powder removed from the scree of powder 220 or scraped off from the powder
container 360 or provided by any other suitable mechanism in front of the rake
202 may be moved over the build tank 312, 240 by means of said rake 202, 310, thereby
distributing the powder over the start plate 316 or said build platform 314, 206 denoted
by step 404 in figure 4a.

[0044] The distance between a lower part of the rake and the upper part of the start plate
or previous powder layer determines the thickness of powder distributed over the start
plate. The powder layer thickness can casily be adjusted by adjusting the height of the
build platform 314, 206.

[0045] An cnergy beam may be directed over said start plate 316 causing said first
powder layer to fuse in selected locations to form a first cross section of said three-
dimensional article according to said model generated via said CAD tool denoted with
step 406 in figure 4a.

[0046] The encrgy beam may be an electron beam or a laser beam. The beam is directed
oversaid start plate 316 from instructions given by the control unit 270, 370. In the
control unit 270, 370 instructions for how to control the beam gun for each layer of the
three-dimensional article may be stored.

[0047] After a first layer is finished, i.c., the fusion of powder material for making a first
layer of the three-dimensional article, a second powder layer is provided on said start
plate 316. The second powder layer is preferably distributed according to the same
manner as the previous layer. However, there might be alternative methods in the same
additive manufacturing machine for distributing powder onto the work table 316. For
instance, a first layer may be provided by means of a first powder distributor, a second
layer may be provided by another powder distributor. The design of the powder
distributor is automatically changed according to instructions from the control unit. A
powder distributor in the form of a single rake system, i.e., where one rake is catching
powder fallen down from both a left powder hopper 306 and a right powder hopper 307,
the rake as such can change design.

[0048] After having distributed the second powder layer on the work table 316, the
energy beam is directed over said work table 316 causing said second powder layer to

fuse in selected locations to form a second cross section of said three-dimensional article.
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Fused portions in the second layer may be bonded to fused portions of said first layer. The
fused portions in the first and second layer may be melted together by melting not only the
powder in the uppermost layer but also remelting at least a fraction of a thickness of a layer
directly below said uppermost layer.

[0049] An image may be captured of the powder to be distributed with a camera at least
one time during the distribution of powder over the work table 316 for forming a powder
layer denoted by 408 in figure 4a. The image may be taken by the camera 304 provided
inside or outside the vacuum chamber 320. The camera 304 may be any type of camera
for example an IR-camera (Infrared-camera), NIR-camera (Near Infrared-camera), a
VISNIR-camera (Visual Near Infrared-camera), a CCD camera (Charged Coupled
Device-camera), a CMOS-camera (Complementary Metal Oxide Semiconductor-
camera), a digital camera.

[0050] Figure 1 illustrates a possible example of such an image 100 of the powder to be
distributed. The image is taken from above, i.c., a top view of the powder layer and the
powder distributor 202. In figure 1 areca 102 represents an arca on which a new powder
already has been provided. Area 104 represents the powder distributor 202 and powder
which is to be distributed and is provided in front of the powder distributor 202. Area 108
represents the previous layer or a blank start plate 316. Powder to be distributed is
concentrated in an area 106 to the right of the top portion 292 of the powder distributor.
The skilled person will understand that different shapes of powder distributor may be
used than the one in the example embodiments.

[0051] Figure 6 depicts from a side view a powder distribution mechanism. The powder
distributor 202 is distributing the powder 204 in front of the powder distributor 202 on
said build platform 206. During the powder distribution process over said build platform
206 the distance X, which is the distance from the back portion of the powder distributor
to the front portion of the powder which is to be distributed, is varied due to the fact that
powder is consumed as it is provided on top of the build platform as the powder
distributor is moving across the build platform. The value of X may be an indication of
insufficient or a surplus of powder in front of the powder distributor at any given position

during the powder distribution process.
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[0052] At least one image may be taken during the distribution of powder for forming a
powder layer on the start plate 316. In an example embodiment images are taken at the
start of powder distribution and at the end of powder distribution. In another example
embodiment images may also be taken at any position between said start and finish of the
powder distribution.

[0053] At least one value of at least one parameter in at least one image which may be
detected with said camera may be compared with a corresponding reference parameter
value denoted with 410 in figure 4a. In an example embodiment a distance of the powder
front to a reference position may be a reference parameter. Reference parameters may be
stored in a look up table. Said reference position may for instance be any part of the powder
distributor such as the front side or backside. The reference position may also be a fixed
position within the build chamber, such as a predetermined position of the vacuum chamber.
[0054] The shape of powder in front of the powder distributor and/or the distance to back
or front of the powder distributor to a powder front 120 may be examples of said
parameter in said image. Reference images of shapes of powder in front of the powder
distributor may be stored in the control unit for comparison with the actual shape. If the
shape is deviating more than a predetermined amount from any one of the stored images
a warning message may be sent out and/or stored in the control unit 270. The reference
shape may for instance be a suitable mathematical expression, such as a polynomial or a
parabola or any other shape that is desired for the powder front to be at any given time
during the powder distribution process. This mathematical expression may be compared
to the actual image taken of the powder front. In a look up table it may be stored the
desired shape of the powder front at a given time. This shape from the look up table may
be compared with the actual value and any difference that is deviating more than a A-
value from the desired shape may be a sign of a failure in the powder distribution
process. The shape of the powder front in the image may be approximated with a given
mathematical expression such as A+BX+CX*+DX’, where A, B, C and D are constants. If
any onc of the constants in the approximated polynomial from said image is deviating
more than a A-value from a corresponding constant in the reference polynomial, this may
be a sign of a failure in the powder distribution process. Said A-value may be different for

different constants in a given polynomial. The value of A may be set depending on the

-10-
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tolerance of a difference between desired and actual shape of the powder front, larger A-
value indicated a larger tolerance for differences than a smaller A-value.

[0055] Any other parameter than the shape may be stored in a look up table such as the
distances mentioned below. As with the shape said distances have a desired value for any
given time and may be compared with the actual value. If there is a difference larger than a
A-value between said desired value and said actual value such a difference may be an
indication of a failure in the powder distribution process.

[0056] In figure 7 it is depicted examples of different parameter values which may be
taken from a single camera image. Not only a comparison of the shape of the powder
front as was discussed above may be possible to compare with stored reference images
but also the distance of the powder front to a front side 710, denoted by Y, or to a back
side 720 denoted by X. If the distance from the actual image at a given position of the
powder distributor is deviating more than a A-value from a stored value for the powder
distributor at the given position of said powder distributor a warning signal may be sent to
the control computer 270. A distance from a first end portion 770 of the powder front
120 to a first end of the powder distributor 740 is another parameter value which may be
of interest which is denoted by Z1 in figure 7. A distance from a second end portion 780
ofthe powder front 120 to a second end of the powder distributor 730 is still another
parameter value which may be of interest which is denoted by Z2 in figure 7. Despite the
fact that the shape of the powder front may be correct, said powder front may be offset in
onc or another direction resulting in different values of Z1 and Z2. If the difference
between Z1 and Z2 is deviating more than a predetermined value a signal may be sent to the
control computer 270. Another parameter which may be of interest is the length of the
powder front from the first end portion 770 to the second end portion 780. This parameter
value is denoted by Z3 in figure 7. The reference parameters may be stored in a look up
table which in turn may be located in or in connection to the control computer 270.
Reference parameters corresponding to the above mentioned X, Y, Z1, Z2, Z3 may be
found in such a look up table for a number of positions of the powder distributor. Such
reference parameters may be different for different materials and different thicknesses of

the powder layer.

11 -
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[0057] In said control unit 270 there may also be several values stored for said distance
of powder front to said powder distributor which may be compared with actual distances
ofthe powder front 120 to the powder distributor. In an example embodiment several
measurements of said distance of said powder front to said powder distributor 202 may
be taken from a single image, i.e., at several positions along the powder distributor 202.
By taking more than one measurement of said distance one may make assure that the
powder is not unevenly distributed in front of the powder distributor 202. Unevenly
distributed powder may possibly be the cause for unevenly distributed powder, i.c., less
or no powder at a specific location. If the measured distance of the powder front to said
powder distributor 202 for any distance of the powder distributor 202 and any position
along the powder distributor 202 is deviating more than a predetermined value from a
reference value of a corresponding reference distance of the powder front to the powder
distributor 202 a warning message may be sent out and/or said position of said powder
distributor 202 together with said position along said powder distributor 202 may be
stored in said control unit 270.

[0058] Figure 4b depicts another example embodiment of the method according to the
present invention. The steps 402, 404, 406, 408 and 410 arc equal to the steps in figure
4a. If the comparison in step 410 reveals that there is no difference between the reference
parameter value and the actual measured value from the image the next layer is provided
on the start plate 316 with the same settings for the powder distributor. The box N+l
indicates that the layer N+1 is to be provided on the start plate 316 and therefore starts all
over from step 402, where N is an integer being larger than 1 and equals to the number of
the previous layer of powder being distributed on the start plate 316. On the other hand, if
there is a difference between the actual measured value and the reference value the
method may go to step 414 after 410. In an example embodiment said difference needs to
be greater than a predetermined A-value in order to move from step 410 to step 414. Said
predetermined A-value may be set different for different powder thickness and/or
different materials and/or different powder provision mechanism.

[0059] In step 414 a different amount of powder is provided on the worktable. A
different amount of powder could be provided by changing the distance that said powder
distributor 202 is travelling into the scree of powder 220 before being stopped.

12-
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Alternatively a different amount of powder could be provided by changing the distance
said movable floor 362 is lifted. A less distance will provide less powder and a longer
distance will provide more powder. In step 416 the changed amount of powder is
distributed on the start plate 316 for forming layer N+1. In an example embodiment the
amount of powder at the end of the powder distribution process may indicate a
superfluous amount of powder in front of the powder distributor although the powder
distribution has been finished. In such case the amount of powder may be reduced for the
following layer.

[0060] As disclosed above the powder distributor 202 may be set to travel a less distance
into the scree of powder 220 in order to let a less amount of powder to fall over the top of
the powder distributor. On the other hand, if the measurement indicates that the powder
in front of the powder distributor is decreasing, the settings of the powder distributor may
be changed in order to collect more powder from the scree of powder 220. As an
alternative to provide less powder in front of the powder distributor, said floor in said
powder tank may be set to travel a less distance upwards thereby providing a less amount
of powder which is possible to be raked off by the powder distributor and to be
distributed on said start plate 206, 314.

[0061] Figure 4c depicts yet an alternative example embodiment of the method according
to the present invention. If there is no difference between the actual measured parameter
value and a predetermined reference parameter value, the next powder layer may be started to
be distributed with the same settings as the previous powder layer indicated in figure 4¢ with
a line connecting together step 410 and step 402.

[0062] If the measured parameter value is in fact more than a predetermined value from
the reference parameter value, then the next question may be, denoted in figure 4c with
418, “less than the reference parameter value”? If the answer to said question is “NO”,
then step 414 and 416 applies which is disclosed in relation to figure 4b. However, if the
answer is “YES”, then step 420 applies. In step 420 a second predetermined amount of
powder may be provided for forming said first powder layer for a second time and
distributing said second predetermined amount of powder for forming said first powder
layer for said second time. If at any position the actual measured parameter value is less than

the reference parameter value there may a risk that no powder is distributed at one or more
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locations of the start plate 316. In order to make sure that powder is evenly distributed all
over the work table 316 another powder distribution is taking place for forming the same
powder layer a second time. This is indicated in figure 4c by connecting 420 between step
402 and step 404. In step 402 it is provided a predetermined amount of powder on the
powder table to be distributed over the start plate 316 for forming layer N.

[0063] In step 420 a second predetermined amount of powder may be provided on said
powder table for forming layer N. Said second predetermined amount of powder may be
different to said predetermined amount of powder in step 402. Since a second powder
distribution is taking place after providing the second predetermined amount of powder for
forming layer N a relatively small amount of powder is needed to fill in the possible
holes/gaps in the layer already provided at the first instance. A smaller amount of powder
may be collected from the scree of powder by letting the powder distributor travelling a less
distance into the scree of powder than normally, i.c., in the case when said predetermined
amount of powder is provided on said powder table said powder distributor is travelling a
first distance into the scree of powder and when said second amount of powder may be
provided on said powder table said powder distributor may be travelling a second distance
into the scree of powder. Here the second distance may be less than said first distance in
order to collect less powder in the second collection for distribution over the start plate 316 a
second time for forming layer N. Alternatively a different amount of powder could be
provided by changing the distance said movable floor 362 may be lifted upwards.

[0064] A feedback signal may be generated if there is a mismatch between the measured
parameter value and a corresponding reference parameter value. The feedback signal may
go from the control unit 270 to a powder provision apparatus for changing the amount of
powder provided on said powder table. In an example embodiment no powder table may be
present. The amount of powder provided may in such case be achieved by changing the
distance said movable floor 362 is lifted upwards.

[0065] In another aspect of the invention it is provided an apparatus for forming a three-
dimensional article through successive fusion of parts of a powder bed, which parts
corresponds to successive cross sections of the three-dimensional article. Said apparatus
may comprise means for providing a predetermined amount of powder at a powder table

for forming a first powder layer on a start plate. Said means for providing a
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predetermined amount of powder at said powder table may be a powder hopper as
indicated in figure 2 and 3 with an opening at the bottom for creating a scree of powder
on said powder table. Another means for providing powder on said powder table may be
a rotating barrel which for each revolution ejects at least once a predetermined amount of
powder. Another means for providing powder may be a powder hopper with an opening
at the bottom. A mechanical shutter may open and close the opening for providing a
predetermined amount of powder below said opening. As the skilled person realises there
exist numerous ways of providing powder on said powder table and the examples above
isjust a few of them. Said apparatus further comprises a powder distributor for
distributing said predetermined amount of powder for forming said first powder layer and
means for directing an energy beam over said start plate causing said first powder layer to
fuse in selected locations according to a model to form a first cross section of said three-
dimensional article. Said means for directing the energy beam may be a magnetic coil if
the energy beam is in the form of an clectron beam. If the beam is in the form of a laser
beam said means for directing the beam may be a reflecting mirror which is tiltable.

[0066] Said apparatus further comprising a camera for capturing at least one image of the
powder to be distributed at least one time during said distribution of said powder on said
start plate for forming said first powder layer and means for comparing at least one value
ofat least onc parameter in said image detected by said camera with a reference
parameter value.

[0067] The means for comparing parameter values from the image with reference values
may be a software program which makes analysis and measurements at predetermined
image locations and comparing these measurements with stored reference values. Said
apparatus may further be provided with a feature which provides for an alarm if the
measured value and the reference value differs more than a predetermined value from
cach other. Another feature that said apparatus may be provided with is a storing function
which stores the location of the powder distributor if the measured value and the
reference value differs more than a predetermined value from cach other.

[0068] In another example embodiment of said apparatus there is provided means for
changing said predetermined amount of powder for forming a second powder layer on said

start plate if at least one parameter value in said image is deviating from said reference
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parameter value. Said means may be programmable instructions sent from the control unit
270 to the powder distributor indicating that the distance of travel into the scree of powder is
changed. In an alternative design of said provision of powder, e.g., in case of a shutter in
front of the bottom opening of a powder hopper, the time and/or the area of opening of said
shutter may be changed in order to change the predetermined amount of powder.

[0069] In still another example embodiment said apparatus comprises means for
providing a second predetermined amount of powder for forming said first powder layer and
distributing said second predetermined amount of powder for forming said first powder
layer if at least one parameter value is less than a reference parameter value. The means may
be the same as disclosed above for providing the second predetermined amount of powder,
i.e., it may be a question of settings of the powder distributor or shutter which determines
the amount of powder provided on said powder table. A second powder distribution for
forming one and the same powder layer may take place if there may be an indication that
there may be one or more places of nonsufficient powder.

[0070] The energy beam, which may be a laser beam or an clectron beam, not only melts
the last applied powder layer but also at least the layer of material below the powder layer
resulting in a melt comprising the powder material and already melted material from a
previous fusion process.

[0071] The invention is not limited to the above-described embodiments and many
modifications arc possible within the scope of the following claims. Such modifications
may, for example, involve using a different source of ray gun than the exemplified
clectron beam such as laser beam. Other materials than metallic powder may be used

such as powders of polymers and powder of ceramics.
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CLAIMS
1. A method for forming a three-dimensional article through successive
fusion of parts of a powder bed, which parts corresponds to
successive cross  sections of the three-dimensional article, said
method comprising the steps of:

a. providing a predetermined amount of powder for forming a first
powder layer on a surface,

b. distributing said predetermined amount of powder for forming
said first powder layer on said surface,

c. directing an energy beam over said first powder layer causing said
first powder layer to fuse in selected locations according to a
model to form a first cross section of said three-dimensional
article, characterized in that said method further comprises the
steps of:

d. capturing at least one image of the powder to be distributed with a
camera at least one time during said distribution of said powder on
said surface for forming said first powder layer,

e. comparing at least one value of at least one parameter in said
image detected by said camera with a corresponding reference
parameter value.

2. The method according to claim 1, further comprising the step of:

f. changing said predetermined amount of powder for forming a
second powder layer on top of said first powder layer which is fused in
selected locations if at least one parameter value in said image of said
powder when forming said first powder layer is deviating at least one A-

value from a corresponding reference parameter value.
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3.

10.

The method according to claim 1 or 2, further comprising the step of:

g. providing a second predetermined amount of powder for
forming said first powder layer a second time and distributing said
second predetermined amount of powder for forming said first powder
layer said second time if at least one parameter value in said image is
at least one A-value smaller than a corresponding reference parameter

value when forming said first powder layer said first time.

The method according to claim 1-3, wherein said energy beam is an

electron beam.

The method according to any one of claim 1-3, wherein said powder is

metallic powder.

The method according to any one of claim 1-4, wherein said image is
captured by an IR-camera, a CCD-camera, a digital camera, a CMOS

camera or a NIR-camera.

The method according to any one of claim 1-5, wherein said
predetermined amount of powder is different to said second

predetermined amount of powder.

The method according to claim 2, wherein said predetermined amount

of powder is increased or decreased.

The method according to any one of the preceding claims, wherein said
parameter in said image may be one of the group of: shape of powder in
front of a powder distributor; distance of powder front to a reference

position; width of powder front and/or position of powder front.

The Method according to any one of the preceding claims, wherein said
surface on top of which said first powder layer is provided is a powder bed

or a start plate.
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An apparatus for forming a three-dimensional article through

successive fusion of parts of a powder bed, which parts corresponds

to successive cross sections of the three-dimensional article, said
apparatus comprising:

a. means for providing a predetermined amount of powder for
forming a first powder layer on a surface,

b. a powder distributor for distributing said predetermined amount of
powder for forming said first powder layer,

c. means for directing an energy beam over said first powder layer
causing said first powder layer to fuse in selected locations
according to a model to form a first cross section of said three-
dimensional article, characterized in that said apparatus further
comprising:

d. a camera for capturing at least onc image of the powder to be
distributed at lcast onc time during said distribution of said
powder on said surface for forming said first powder layer,

¢. means for comparing at least one value of at lcast one parameter in
said image detected by said camera with a corresponding

reference parameter value.

The apparatus according to claim 11, further comprising:

f. means for changing said predetermined amount of powder for
forming a second powder layer on top of said first powder layer which is
fused in selected locations if at least one parameter value in said image
of said powder when forming said first powder layer is deviating at least

one A—value from a corresponding reference parameter value.
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13.

14.

15.

16.

The apparatus according to claim 11 or 12, further comprising:

g. means for providing a second predetermined amount of
powder for forming said first powder layer a second time and
distributing said second predetermined amount of powder for forming
said first powder layer said second time if at least one parameter value
in said image is at lcast one A-value smaller than a corresponding
reference parameter value when forming said first powder layer said

first time.

The apparatus according to any one of claim 11-13, wherein said image
is captured by an IR-camera, a CCD-camera, a digital camera, a CMOS

camera or a NIR-camera.

The apparatus according to any one of the preceding claims, wherein
said parameter in said image may be one of the group of: shape of
powder in front of a powder distributor; distance of powder front to a

reference position; width of powder front and/or position of powder front.

The apparatus according to any onc of the preceding claims, wherein said
surface on top of which said first powder layer is provided is a

powder bed or a start plate.
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