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METHOD AND APPARATUS FOR THE 
PRODUCTION OF A WORK PIECE OF EXACT 

GEOMETRY 

0001. The invention relates to a method for the produc 
tion of a workpiece by the Successive compacting, by means 
of electromagnetic radiation or particle radiation, of pow 
dered Starting material that has been applied horizontally in 
layers, So that each layer consisting of at least one trace 
comprises two Substantially vertical lateral faces and one 
Substantially horizontal upper face which, in turn, forms the 
basis for a possible following layer, wherein at least one of 
the two vertical Side walls is Subject to mechanical finishing 
Subsequent to the compacting of the powdered Starting 
material that has been applied horizontally in layers, and 
wherein the work piece to be formed is surrounded by 
powdered Starting material during its production. Further 
more, the invention is directed to a device for performing the 
above-described method. 

0002 DE 19533960 C2 discloses a method wherein one 
material layer each is applied on a base in the form of a trace 
and is Subsequently fused or compacted, respectively, by 
means of a laser beam. Subsequently, a Second layer is 
applied and compacted, and So on, with the number of the 
layerS applied and compacted by means of a laser beam 
depending on the desired height of the work piece. On 
applying a new layer, this new layer always combines with 
the surface of the layer applied before. The powder-metal 
lurgical production of the work piece is followed by a 
finishing of both the lateral faces and the Surface by means 
of a cutting process. In the case of the known method it is 
taken care that non-melted powder is always removed from 
the working area by blowing or Sucking it off. 

0003. With the method known, comparatively short pro 
duction times can be achieved for exactly dimensioned work 
pieces when the radiation device and the mechanical pro 
cessing device are computer-controlled. A problem of the 
production method known, however, consists in that in the 
edge area of the workpieces produced, i.e. in the area of the 
lateral faces, a non-uniform material consistency is gener 
ated and that especially porosities may occur. 

0004 For solution of this problem, DE 19533 960 C2 
Suggests to fuse material beyond the desired contour dimen 
Sion and to remove the distinctly projecting edges of the 
work piece by means of Subsequent mechanical processing. 
By means of this procedure, it is indeed possible to remove 
So much material in the area of the lateral faces that a 
homogeneous material consistency can be achieved; this, 
however, renders the expenses, i.e. the working time and the 
tool costs, to become undesirably high. 
0005. It is therefore an object of the present invention to 
provide a method which Substantially reduces the materials 
expenses with a mechanical finishing of the Surface of the 
outer contour of the work piece and Simultaneously ensures 
a high Surface quality of the Outer contour. 
0006. In accordance with the invention, this object is 
solved by a method for the production of a work piece by the 
Successive compacting, by means of electromagnetic radia 
tion or particle radiation, of powdered Starting material that 
has been applied horizontally in layers, So that each layer 
consisting of at least one trace comprises two Substantially 
Vertical lateral faces and one Substantially horizontal upper 
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face which, in turn, forms the basis for a possible following 
layer, wherein at least one of the two vertical Side walls is 
Subject to mechanical finishing Subsequent to the compact 
ing of the powdered Starting material that has been applied 
horizontally in layers, and wherein the work piece to be 
formed is Surrounded by powdered Starting material during 
its entire production, wherein the mechanical finishing of a 
vertical side wall of an in" layer is only performed after the 
generation of an n+x" layer. 
0007. In the following, the respectively current layer, i.e. 
the layer that forms the upper final layer at a particular point 
in time, is referred to as n" layer. All the layers positioned 
below this n" layer are referred to as n-x" layers, and all the 
layers that will, viewed from this point in time, still have to 
be produced in the future, are referred to as n+x" layers. 
0008. In a preferred method of the present invention, the 
finishing of the n" layer is started only when the geometric 
distance from the n" layer to an n+x" layer positioned 
thereabove is So large that no thermal impact having the 
effect of a distortion affects the n" layer. 
0009. When producing a work piece in accordance with 
the method according to the invention, the powdered Starting 
material is applied in layer-thickness on a base over an area 
which exceeds the contour of the work piece. In a neXt Step, 
compacting of this powdered Starting material is effected in 
traces, with the trace width corresponding to the Sphere of 
action of the radiation. For the construction of a layer, which 
regularly consists of a plurality of traces, at least, however, 
of merely one trace, these traces are compacted Such that the 
edge area of each individual trace overlaps the edge area of 
an adjacent trace Such that a homogeneous trace is produced 
during the compacting of the adjacent traces. When produc 
ing a layer formed by traces, various Strategies of tracing can 
be chosen. 

0010 For instance, the outermost contour trace is formed 
by a first trace, and Subsequently the inner Space formed 
within this closed contour trace is filled by a meander 
shaped pattern, So that a homogeneous layer is finally 
produced. It is, however, also possible to fill the inner Space 
that has been formed Such by, for instance, a quasi-Spiral 
pattern. 

0011. By the exact controlling of the compacting beam 
(electromagnetic beam or particle beam) it is further pos 
Sible to adjust the material characteristics in the area of the 
edge contour, i.e. the outermost contour trace of the work 
piece. 

0012. With increasing beam power or energy supplied per 
area unit, the proportion of molten phase of the material 
increases, which results in a high compacting of the material 
and thus in good mechanical properties. In the direct edge 
area of the work piece, i.e. in the area of the lateral Surface, 
Such compacting of the powdered material will, however, 
also lead to an inexactness of the Structure. A disadvantage 
of a high beam intensity is the thermal effect which may lead 
to a Subsequent powder adherence in the n-1 or in further 
layers. By the respectively repeated thermal impact of the 

th 

n-X layerS already formed, a So-called distortion of the 
contour of the work piece may occur. 
0013 The method according to the invention takes this 
thermal influence of the work piece contour into account by 
performing the mechanical finishing after the completion of 
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a certain number of layers only. In accordance with the 
invention, the finishing is only performed with layers which 
are, by their distance to the currently produced layer, not 
Subject to a thermal impact effecting a distortion of the work 
piece. 

0.014. In accordance with the invention, several layers 
can be finished Simultaneously. If only individual layers are 
referred to in the following description, these shall comprise 
also layer packages that may consist of a plurality of 
individual layers. 

0.015. A decision on the number of the layers to be 
finished may, for instance, depend on the contour shape. In 
the case of contours with frequent changes of gradient, the 
finishing of few layerS may be more advantageous than the 
finishing of Several layers. 
0016. The method and the apparatus according to the 
invention will be explained by way of example in the 
enclosed drawing. There shows: 
0017 FIG. 1 a schematic representation of an arrange 
ment for performing the method according to the invention. 

0018. In FIGS. 2 to 9, individual steps of the method 
according to the invention are illustrated, wherein layer 
packages are shown for better illustration of the method 
according to the invention. There shows: 
0.019 FIG. 2 a schematic sectional representation of a 
work piece after the production of a first layer package; 
0020 FIG. 3 a schematic sectional representation of the 
work piece according to FIG. 2 with a Second layer package; 

0021 FIG. 4 a schematic sectional representation of the 
work piece according to FIG. 3, with the first layer package 
being finished; 

0022 FIG. 5 a schematic sectional representation of the 
work piece according to FIG. 4, after the generation of a 
further layer package; 

0023 FIG. 6 a schematic sectional representation of the 
work piece according to FIG. 5, after completion of the 
finishing of a further layer package; 

0024 FIG. 7 a schematic sectional representation of the 
work piece according to FIG. 6, after the generation of a last 
layer package; 

0.025 FIG. 8 a schematic sectional representation of the 
work piece according to FIG. 7, after completion of the 
finishing of the penultimate layer package; 

0.026 FIG. 9 a schematic sectional representation of the 
work piece according to FIG. 8, after completion of the 
finishing of the last layer package. 

0027. In the arrangement according to FIG. 1, the work 
piece to be produced is denoted with 1. The production is 
effected Such that powdered Starting material 3 at an exactly 
predetermined layer thickness S is applied on a working 
table 5 that may be moved up and down vertically by means 
of a lifting device 7 in arrow direction 27. The starting layer 
thickneSS equals to the layer thickness of layer n, layer n-1 
or layer n-2 illustrated in the drawing. The area of the 
powdered Starting material applied has to exceed the desired 
final contour of the work piece. 
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0028. Above the working table 5, a processing unit 20 is 
arranged which can be moved in its entirety in arrow 
direction 29 as well as preferably perpendicularly to the 
drawing plane. The movement of the processing unit 20 is 
computer-controlled by a control device 11 which also 
Simultaneously controls the lifting movement of the working 
table 5. The processing unit 20 substantially comprises a 
radiation Source 6, one or Several mirrors actuated by an 
actuating unit 10, or a comparable guiding device for the 
beam 18 emanating from the radiation Source 6 So as to 
guide it by means of two-coordinate control on the working 
table 5 in correspondence with the desired component 
contour. In addition to the radiation device 6, 8, 10 the 
processing unit 20 also comprises a processing device for 
mechanical finishing. The processing device illustrated in 
FIG. 1 is a milling tool 2 with an appropriate drive unit 9 
which is also controlled by the control unit 11. As is 
illustrated in FIG. 1, the milling tool 2 immerses into the 
powdered Starting material 3 for mechanical finishing, So 
that the work piece 1 is Surrounded by powdered finishing 
material 3 during its entire production and thus also during 
the entire mechanical finishing. Furthermore, a dressing bar 
4 is provided at the processing unit 20, by means of which 
powdered Starting material 3 that was applied on the work 
ing table 5 can be distributed at constant layer-thickness by 
transverse movement of the processing unit 20 relative to the 
working table 5. The dressing bar 4 may simultaneously be 
designed as a feeding device for the powdered Starting 
material 3. 

0029. After applying the first layer of the powdered 
Starting material 3 on the working table 5, the Starting 
material is compacted in a desired trace by a corresponding 
control of the beam 18 and, as required, additionally by the 
relative movement of the processing unit 20 to the working 
table 5. Each time after one layer has been applied and 
compacted, the working table 5 is lowered by one layer 
thickness by means of the lifting device 7. 
0030. Following the radiation and compacting of the 
powdered starting material to form a first (n" layer), further 
(n+1"; n+2"; n+3"; . . . ; n+x") layers are applied and 
compacted by this method corresponding to a desired con 
tour which is preferably stored on a record. Only after the 
generation of a current layer which is spaced apart from a 
non-finished layer to Such an extent that the thermal effect 
emanating from this current layer does not or is not able to 
effect any distortion with this non-finished layer is the 
mechanical finishing of this non-finished layer Started. 

0031. Once this criterion of the thermal non-influencing 
of the n" layer has been fulfilled with regard to the n-x" 
layer, the finishing of the n-X" layer is started. AS has been 
mentioned initially, the same is applicable to the n" layer 
package with regard to the finishing of the n-x" layer 
package. 

0032. The arrangement according to FIG. 2 illustrates a 
work piece 1 after the production of a first layer package A 
having the height AZ, illustrated in double hatching density. 
The work piece 1 is mounted on a base S, with the height of 
the base S advantageously corresponding to the milling 
offset Ah. The work piece 1 is to obtain a final contour that 
corresponds to the contour 2 and lies within a contour body 
3. This contour body 3 is produced from a particular number 
of layer packages of the height AZ, which in turn consist of 
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a plurality of layers. The dimensional difference between the 
contour body 3 and the work piece 1 is removed by the 
mechanical finishing, So that the completed work piece 1 is 
available after the mechanical finishing of the last layer 
package. 

0033 FIG.3 illustrates the condition of the work piece 1 
after the generation of the Second layer package Babove the 
first layer package A, with the Second layer package B also 
having a height of AZ. It is, however, also possible to vary 
the height of each layer package, for instance as a function 
of the contour shape of the final contour. In the case of 
contours with Substantial change of gradient of the Surface, 
a lower layer package height might also be of advantage. 
Likewise, the layer package height may depend on the type 
of miller. Basically, the layer package height will have to he 
chosen Such that any desired contour may be achieved with 
the Selected miller by keeping to the desired Surface quality. 
A Substantial technical dimension may, for instance, be the 
radius of a ball nose end mill. 

0034 FIG. 4 illustrates the condition after the comple 
tion of the first mechanical finishing of layer package A. The 
mechanical finishing is preferably performed by means of an 
end mill or a ball nose end mill which removes the dimen 
sional difference between the contour body 3 and the final 
contour 2 of the work piece 1. After completion of the 
finishing, a new layer package is produced, wherein the 
finishing is also postponed until at least the next layer 
package has been produced. 
0035 FIG. 5 schematically illustrates the condition of 
the two layer packages M and M-1. FIG. 6 illustrates the 
finished layer package M. As is illustrated in FIG. 7, the last 
layer package M--2 which is positioned above the layer 
package M--1 is advantageously dimensioned Such that it 
projects by a certain amount H-h over the actual final 
contour heighth. With the completion of the last layer of the 
layer package M+2, the layer construction of the work piece 
1 has been completed. 
0036). In the following working step, illustrated in FIG. 8, 
the mechanical finishing of the layer package M+1 is per 
formed, wherein, caused by the contour shape, portions of 
the projecting layer package M+2 can also be removed 
already. The projecting remainder of the layer package M+2 
that has now been left is, as illustrated in FIG. 9, removed 
by means of the last mechanical finishing. With this last 
working Step, the production of the work piece 1 is totally 
completed. 
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1. A method for the production of a work piece by the 
Successive compacting, by means of electromagnetic radia 
tion or particle radiation, of powdered Starting material (3) 
that has been applied horizontally in layers, So that each 
layer consisting of at least one trace comprises two Substan 
tially vertical lateral faces and one Substantially horizontal 
upper face which, in turn, forms the basis for a possible 
Subsequent layer, wherein at least one of the two vertical 
Side Walls is Subject to mechanical finishing Subsequent to 
the compacting of Said powdered starting material (3) that 
has been applied horizontally in layers, and wherein the 
work piece (1) to be formed is surrounded by powdered 
Starting material (3) during its production, wherein the 
mechanical finishing of a vertical side wall of an in" layer is 
performed after the generation of an n+x" layer only. 

2. The method according to claim 1, wherein at least one 
further layer has been produced between the production of 
the n" layer and the beginning of the mechanical finishing 
of this layer. 

3. The method according to claims 1 or 2, wherein Several 
layers are finished Simultaneously. 

4. The method according to claim 1, wherein Several 
layers are comprised to form layer packages. 

5. The method according to claim 4, wherein the mechani 
cal finishing of the n-1" layer package is started after the 
generation of an in" layer package. 

6. An apparatus for the production of a work piece, in 
particular by performing a method according to any of 
claims 1 to 5, consisting of a working table (5) to be lowered 
which can be covered by a powdered Starting material (3), 
a processing unit (20) that is designed to be vertically and 
horizontally moveable and can be connected to act with a 
control device (11), wherein said processing unit (20) com 
prises at least one radiation Source (6) and at least one mirror 
unit (8) controllable by an actuating unit (10), so that a beam 
(18) emanating from said radiation Source (6) is guidable on 
the working table (5) via the at least one mirror unit (8) that 
is controllable by means of a two-coordinate control in 
correspondence with a desired component contour, wherein 
Said processing unit further comprises a processing device 
for the mechanical finishing of Substantially vertical faces, 
and wherein the control device (11) further comprises means 
for controlling the mechanical finishing of an in" layer with 
time delay vis-a-vis the completion of an n+x" layer, 
depending on the thermal characteristics of the work piece 
to be produced. 


